
General Biology

Wikibooks.org



March 15, 2013

On the 28th of April 2012 the contents of the English as well as German Wikibooks and Wikipedia
projects were licensed under Creative Commons Attribution-ShareAlike 3.0 Unported license. An
URI to this license is given in the list of figures on page 175. If this document is a derived work
from the contents of one of these projects and the content was still licensed by the project under
this license at the time of derivation this document has to be licensed under the same, a similar or a
compatible license, as stated in section 4b of the license. The list of contributors is included in chapter
Contributors on page 169. The licenses GPL, LGPL and GFDL are included in chapter Licenses on
page 179, since this book and/or parts of it may or may not be licensed under one or more of these
licenses, and thus require inclusion of these licenses. The licenses of the figures are given in the list of
figures on page 175. This PDF was generated by the LATEX typesetting software. The LATEX source
code is included as an attachment (source.7z.txt) in this PDF file. To extract the source from the
PDF file, we recommend the use of http://www.pdflabs.com/tools/pdftk-the-pdf-toolkit/
utility or clicking the paper clip attachment symbol on the lower left of your PDF Viewer, selecting
Save Attachment. After extracting it from the PDF file you have to rename it to source.7z. To
uncompress the resulting archive we recommend the use of http://www.7-zip.org/. The LATEX
source itself was generated by a program written by Dirk Hünniger, which is freely available under
an open source license from http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf.
This distribution also contains a configured version of the pdflatex compiler with all necessary
packages and fonts needed to compile the LATEX source included in this PDF file.

http://www.pdflabs.com/tools/pdftk-the-pdf-toolkit/
http://www.7-zip.org/
http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf


Contents

1 Getting Started 3

2 Biology - The Life Science 5
2.1 Characteristics of life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.2 Nature of science . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.3 Scientific method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.4 Charles Darwin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.5 After Darwin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.6 Challenges to Darwin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3 The Nature of Molecules 11
3.1 Matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.2 The atom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
3.3 Mass and isotopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.4 Electrons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
3.5 Chemical bonds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.6 Chemical reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.7 Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

4 The Chemical Building Blocks of Life 15
4.1 Carbon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.2 Carbohydrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
4.3 Stereoisomers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
4.4 Lipids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
4.5 Proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
4.6 Hereditary (Genetic) information . . . . . . . . . . . . . . . . . . . . . . . 18

5 Life: History and Origin 19
5.1 Properties of life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
5.2 Origin of life: 3 hypotheses . . . . . . . . . . . . . . . . . . . . . . . . . . 19
5.3 The early earth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
5.4 Origin of cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
5.5 The RNA world? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
5.6 The earliest cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
5.7 Major steps in evolution of life . . . . . . . . . . . . . . . . . . . . . . . . 22

6 Cells 23

7 Cell structure 25
7.1 What is a cell? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
7.2 History of cell knowledge . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

III



Contents

7.3 Microscopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
7.4 Cell size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

8 Structure of Eukaryotic cells 31
8.1 Structure of the nucleus . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
8.2 Chromatin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
8.3 Endoplasmic reticulum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
8.4 The Golgi apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
8.5 Ribosomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
8.6 DNA-containing organelles . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
8.7 Cytoskeleton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

9 Membranes 37
9.1 Biological membranes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
9.2 Phospholipid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
9.3 Fluid mosaic model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
9.4 Membrane proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
9.5 Receptor-mediated endocytosis . . . . . . . . . . . . . . . . . . . . . . . . 40

10 Cell-cell interactions 41
10.1 Cell signaling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
10.2 Communicating junctions . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

11 Energy and Metabolism 43
11.1 Energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
11.2 Oxidation–Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
11.3 NAD+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
11.4 Free energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
11.5 Enzymes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
11.6 ATP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
11.7 Biochemical pathways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

12 Respiration: harvesting of energy 47
12.1 Energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
12.2 Respiration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
12.3 Respiration of glucose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
12.4 Alternative anaerobic respiration . . . . . . . . . . . . . . . . . . . . . . . 47
12.5 Glycolysis overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
12.6 Regeneration of NAD+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
12.7 Alcohol fermentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
12.8 Lactate formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
12.9 Krebs cycle: overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
12.10 ATP production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
12.11 Evolution of aerobic respiration . . . . . . . . . . . . . . . . . . . . . . . . 49

13 Photosynthesis 51
13.1 Light Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
13.2 “Dark” reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
13.3 Prokaryote cell division . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

IV



Contents

13.4 Bacterial DNA replication . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
13.5 Chromosome number . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
13.6 Eukaryotic chromosomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
13.7 Chromosome organization . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
13.8 Human karyotype stained by chromosome painting . . . . . . . . . . . . . 55
13.9 Chromosomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
13.10 Human chromosomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
13.11 Mitotic cell cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
13.12 Replicated human chromosomes . . . . . . . . . . . . . . . . . . . . . . . . 56
13.13 Mitosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
13.14 Plant mitosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
13.15 Controlling the cell cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
13.16 Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
13.17 Mutations and cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

14 Sexual reproduction 59
14.1 Sexual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
14.2 Sexual life cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
14.3 Meiosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
14.4 Prophase I: synapsis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
14.5 Crossing over . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
14.6 Microtubules and anaphase I . . . . . . . . . . . . . . . . . . . . . . . . . 60
14.7 Meiosis II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
14.8 Evolution of sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
14.9 Consequences of sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

15 Genetics 63

16 Gregor Mendel and biological inheritance 65
16.1 Mendel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
16.2 Mendel’s experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
16.3 Mendel’s seven pairs of traits . . . . . . . . . . . . . . . . . . . . . . . . . 66
16.4 Locus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
16.5 Modern Y chromosome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
16.6 Chromosome phenomena . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
16.7 X-chromosome inactivation . . . . . . . . . . . . . . . . . . . . . . . . . . 67
16.8 Barr body . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
16.9 Human genetic disorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

17 DNA: The Genetic Material 69
17.1 DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
17.2 Historical perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
17.3 Hershey-Chase Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . 69
17.4 DNA/RNA components . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
17.5 Chemical structure of DNA . . . . . . . . . . . . . . . . . . . . . . . . . . 70
17.6 3D structure of DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
17.7 Franklin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
17.8 DNA replication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

V



Contents

17.9 DNA replication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
17.10 DNA polymerases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
17.11 DNA replication complex . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
17.12 DNA replication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
17.13 DNA replication fork . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
17.14 Replication units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
17.15 Replicon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
17.16 What is gene? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

18 Gene expression 75
18.1 “Central Dogma” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
18.2 The Genetic Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
18.3 Transcription . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
18.4 Transcription bubble . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
18.5 Eukaryote mRNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
18.6 Translation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
18.7 Translation in bacteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
18.8 Aminoacyl tRNA synthase . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
18.9 Ribosome structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
18.10 Large ribosome subunit . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
18.11 Translation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
18.12 Initiation complex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
18.13 Elongation, translocation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
18.14 Introns/exons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

19 Gene regulation 79
19.1 Transcriptional control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
19.2 DNA grooves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
19.3 Regulatory proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
19.4 Lac operon of E. coli . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
19.5 Alternative splicing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

20 Mutation 81
20.1 Point Mutations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
20.2 Substitution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
20.3 Larger mutations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
20.4 Chromosomal mutations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
20.5 Causes of mutations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
20.6 Effects of mutations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
20.7 Further reading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
20.8 Original notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
20.9 Point mutation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
20.10 Acquisition of genetic variability . . . . . . . . . . . . . . . . . . . . . . . 84
20.11 Eukaryote genome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
20.12 Barbara McClintock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

21 Recombinant DNA technology 87
21.1 Recombinant DNA technology . . . . . . . . . . . . . . . . . . . . . . . . . 87

VI



Contents

21.2 Restriction endonucleases . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
21.3 Restriction endonucleases . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
21.4 Uses of cloned gene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
21.5 Other molecular procedures . . . . . . . . . . . . . . . . . . . . . . . . . . 88
21.6 RFLP(restriction fragment length polymorphism) analysis . . . . . . . . . 89
21.7 Sanger DNA sequencing . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
21.8 Automated sequencing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
21.9 Genome projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
21.10 Biochips . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
21.11 DNA chip controversies . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
21.12 Gene patenting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
21.13 Stem cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

22 Classification of Living Things 93
22.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
22.2 Viral Replication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
22.3 Viral Genome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
22.4 Viruses Practice Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
22.5 Archaea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
22.6 Prokaryote evolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
22.7 Domains of life: characteristics . . . . . . . . . . . . . . . . . . . . . . . . 101
22.8 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
22.9 Classification of Protists . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
22.10 Protozoa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
22.11 Algae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
22.12 Slime molds & Water molds . . . . . . . . . . . . . . . . . . . . . . . . . . 103
22.13 Protists Practice Questions . . . . . . . . . . . . . . . . . . . . . . . . . . 104

23 Multicellular Photosynthetic Autotrophs 107
23.1 Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
23.2 Plant phyla . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
23.3 Plant evolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
23.4 Plant phylogeny . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
23.5 Plant life cycles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
23.6 Moss life cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
23.7 Vascular plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
23.8 Vascular plant life cycles . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
23.9 Pterophyta (ferns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
23.10 Non-seed plants, continued . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
23.11 Seed plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
23.12 Sporophyte/gametophyte . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
23.13 Megasporangium (nucellus) . . . . . . . . . . . . . . . . . . . . . . . . . . 110
23.14 Pollen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
23.15 Gymnosperms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
23.16 Pine life cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
23.17 Other Coniferophyta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
23.18 Other gymnosperms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
23.19 Angiosperms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

VII



Contents

23.20 Earliest angiosperm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
23.21 Angiosperm flower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
23.22 Angiosperm life cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
23.23 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
23.24 Nutrition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
23.25 Fungal Reproduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
23.26 Types of Fungi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
23.27 Key Terms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
23.28 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
23.29 Characteristics of an Animal . . . . . . . . . . . . . . . . . . . . . . . . . . 114
23.30 Introduction to animal phyla . . . . . . . . . . . . . . . . . . . . . . . . . 116
23.31 Phylum Porifera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
23.32 Phylum Cnidaria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
23.33 Phylum Platyhelminthes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
23.34 Phylum Rotifera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
23.35 Phylum Nematoda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
23.36 Phylum Annelida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
23.37 Phylum Arthropoda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
23.38 Phylum Mollusca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
23.39 Phylum Echinodermata . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
23.40 Phylum Chordata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

24 Chordates 127
24.1 Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
24.2 Subphylum Urochordata . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
24.3 Subphylum Cephalochordata . . . . . . . . . . . . . . . . . . . . . . . . . 128
24.4 Subphylum Vertebrata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

25 Tissues and Systems 135

26 Epithelial tissue 137

27 Connective tissue 139

28 Muscle tissue 143

29 Vertebrate digestive system 147

30 Circulatory system 151

31 Respiratory system 155
31.1 Neuron structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
31.2 Central nervous system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
31.3 Peripheral nervous system . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

32 Sensory systems 159
32.1 Taste and smell (chemoreception) . . . . . . . . . . . . . . . . . . . . . . . 159
32.2 Response to gravity and movement . . . . . . . . . . . . . . . . . . . . . . 159
32.3 Vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160

VIII



Contents

32.4 Homeostasis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
32.5 Osmotic environments and regulations . . . . . . . . . . . . . . . . . . . . 161

33 Additional material 165
33.1 External Links . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

34 Glossary 167
34.1 Users . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168

35 Contributors 169

List of Figures 175

36 Licenses 179
36.1 GNU GENERAL PUBLIC LICENSE . . . . . . . . . . . . . . . . . . . . 179
36.2 GNU Free Documentation License . . . . . . . . . . . . . . . . . . . . . . 180
36.3 GNU Lesser General Public License . . . . . . . . . . . . . . . . . . . . . . 181

1





1 Getting Started

3





2 Biology - The Life Science

The word biology means, "the science of life", from the Greek bios, life, and logos, word
or knowledge. Therefore, Biology is the science of Living Things. That is why Biology is
sometimes known as Life Science.

The science has been divided into many subdisciplines, such as botany1, bacteriology,
anatomy2, zoology, histology, mycology, embryology, parasitology, genetics3, molecular biol-
ogy4, systematics, immunology, microbiology5, physiology, cell biology6, cytology, ecology7,
and virology. Other branches of science include or are comprised in part of biology studies,
including paleontology8, taxonomy, evolution, phycology, helimentology, protozoology, en-
tomology, biochemistry, biophysics, biomathematics, bio engineering, bio climatology and
anthropology.

2.1 Characteristics of life

Not all scientists agree on the definition of just what makes up life. Various characteristics
describe most living things. However, with most of the characteristics listed below we can
think of one or more examples that would seem to break the rule, with something nonliving
being classified as living or something living classified as nonliving. Therefore we are careful
not to be too dogmatic in our attempt to explain which things are living or nonliving.

• Living things are composed of matter structured in an orderly way where simple
molecules are ordered together into much larger macromolecules.

An easy way to remember this is GRIMNERD C All organisms; - Grow, Respire, Interact,
Move, Need Nutrients, Excrete (Waste), Reproduce,Death, Cells (Made of)

• Living things are sensitive, meaning they are able to respond to stimuli.

• Living things are able to grow, develop, and reproduce.

• Living things are able to adapt over time by the process of natural selection.

• All known living things use the hereditary molecule, DNA9.

1 http://en.wikibooks.org/wiki/botany
2 http://en.wikibooks.org/wiki/anatomy
3 http://en.wikibooks.org/wiki/genetics
4 http://en.wikibooks.org/wiki/Molecular%20Biology
5 http://en.wikibooks.org/wiki/microbiology
6 http://en.wikibooks.org/wiki/Cell%20Biology
7 http://en.wikibooks.org/wiki/ecology
8 http://en.wikibooks.org/wiki/paleontology
9 http://en.wikipedia.org/wiki/DNA
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Biology - The Life Science

• Internal functions are coordinated and regulated so that the internal environment of a
living thing is relatively constant, referred to as homeostasis10.

Living things are organized in the microscopic level from atoms up to cells11. Atoms are
arranged into molecules, then into macromolecules12, which make up organelles13, which
work together to form cells. Beyond this, cells are organized in higher levels to form entire
multicellular organisms. Cells together form tissues14, which make up organs, which are
part of organ systems, which work together to form an entire organism. Of course, beyond
this, organisms form populations which make up parts of an ecosystem. All of the Earth's
ecosystems together form the diverse environment that is the earth.

Example:-

sub atoms, atoms, molecules, cells, tissues, organs, organ systems, organisms, population,
community, eco systems

2.2 Nature of science

Science is a methodology for learning about the world. It involves the application
of knowledge.

The scientific method deals with systematic investigation, reproducible results, the
formation and testing of hypotheses, and reasoning.

Reasoning can be broken down into two categories, induction (specific data is used to
develop a generalized observation or conclusion) and deduction (general information leads
to specific conclusion). Most reasoning in science is done through induction.

Science as we now know it arose as a discipline in the 17th century.

2.3 Scientific method

The scientific method is not a step by step, linear process. It is an intuitive process, a
methodology for learning about the world through the application of knowledge. Scientists
must be able to have an "imaginative preconception" of what the truth is. Scientists will
often observe and then hypothesize the reason why a phenomenon occurred. They use all
of their knowledge and a bit of imagination, all in an attempt to uncover something that
might be true. A typical scientific investigation might go like so:

You observe that a room appears dark, and you ponder why the room is dark. In an attempt
to find explanations to this curiosity, your mind unravels several different hypotheses. One
hypothesis might state that the lights are turned off. Another hunch might be that the
room's lightbulb has burnt out. Worst yet, you could be going blind. To discover the truth,

10 http://en.wikipedia.org/wiki/homeostasis
11 http://en.wikipedia.org/wiki/cell
12 http://en.wikipedia.org/wiki/macromolecule
13 http://en.wikipedia.org/wiki/organelle
14 http://en.wikibooks.org/wiki/General%20Biology%2FTissues
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Scientific method

you experiment. You feel your way around the room and find a light switch and turn it on.
No light. You repeat the experiment, flicking the switch back and forth. Still nothing. That
means your initial hypothesis, the room is dark because the lights are off, has been rejected.
You devise more experiments to test your hypotheses, utilizing a flashlight to prove that
you are indeed not blind. In order to accept your last remaining hypothesis as the truth,
you could predict that changing the light bulb will fix the problem. If all your predictions
succeed, the original hypothesis is valid and is accepted. In some cases, however, your
predictions will not occur, in which you'll have to start over. Perhaps the power is off.

Figure 1 How Science is Done
A diagram that illustrates scientific investigation

Scientists first make observations that raise a particular question. In order to explain the
observed phenomenon, they develop a number of possible explanations, or hypotheses. This
is the inductive part of science, observing and constructing plausible arguments for why
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an event occurred. Experiments are then used to eliminate one of more of the possible
hypotheses until one hypothesis remains. Using deduction, scientists use the principles of
their hypothesis to make predictions, and then test to make sure that their predictions are
confirmed. After many trials (repeatability) and all predictions have been confirmed, the
hypothesis then may become a theory.

Quick Definitions

Observation - Quantitative and qualitative measurements of the world.

Inference - Deriving new knowledge based upon old knowledge.

Hypotheses - A suggested explanation.

Rejected Hypothesis - An explanation that has been ruled out through experimentation.

Accepted Hypothesis - An explanation that has not been ruled out through excessive
experimentation and makes verifiable predictions that are true.

Experiment - A test that is used to rule out a hypothesis or validate something already
known.

Scientific Method - The process of scientific investigation.

Theory - A widely accepted hypothesis that stands the test of time. Often tested, and
usually never rejected.

The scientific method is based primarily on the testing of hypotheses by experimentation.
This involves a control, or subject that does not undergo the process in question. A scientist
will also seek to limit variables to one or another very small number, single or minimum
number of variables. The procedure is to form a hypothesis or prediction about what you
believe or expect to see and then do everything you can to violate that, or falsify the
hypotheses. Although this may seem unintuitive, the process serves to establish more firmly
what is and what is not true.

A founding principle in science is a lack of absolute truth: the accepted explanation is the
most likely and is the basis for further hypotheses as well as for falsification. All knowledge
has its relative uncertainty.

Theories are hypotheses which have withstood repeated attempts at falsification. Common
theories include evolution by natural selection and the idea that all organisms consist of
cells. The scientific community asserts that much more evidence supports these two ideas
than contradicts them.

8



Charles Darwin

2.4 Charles Darwin

Figure 2

Charles Darwin is most remembered today for his contribution of the theory of evolution
through natural selection.

The seeds of this theory were planted in Darwin's mind through observations made on a
five-year voyage through the New World on a ship called the Beagle. There, he studied
fossils and the geological record, geographic distribution of organisms, the uniqueness and
relatedness of island life forms, and the affinity of island forms to mainland forms.

Upon his return to England, Darwin pondered over his observations and concluded that
evolution must occur through natural selection. He declined, however, to publish his work
because of its controversial nature. However, when another scientist, Wallace, reached similar
conclusions, Darwin was convinced to publish his observations in 1859. His hypothesis
revolutionized biology and has yet to be falsified by empirical data collected by mainstream
scientists.

2.5 After Darwin

Since Darwin's day, scientists have amassed a more complete fossil record, including
microorganisms and chemical fossils. These fossils have supported and added subtleties
to Darwin's theories. However, the age of the Earth is now held to be much older than
Darwin thought. Researchers have also uncovered some of the preliminary mysteries of
the mechanism of heredity as carried out through genetics and DNA, areas unknown to
Darwin. Another growing area is comparative anatomy including homology and analogy.

Today we can see a bit of evolutionary history in the development of embryos, as certain
(although not all) aspects of development recapitulate evolutionary history.

9
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The molecular biology15 study of slowly mutating genes reveal considerable evolutionary
history consistent with fossil and anatomical record.

2.6 Challenges to Darwin

Figure 3

Darwin and his theories have been challenged many times in the last 150 years. The
challenges have been primarily religious based on a perceived conflict with the preconceived
notion of creationism. Many of those who challenge Darwin have been adherents to the
young earth hypothesis that says that the Earth is only some 6000 years old and that all
species were individually created by a god. Some of the proponents of these theories have
suggested that chemical and physical laws that exist today were different or nonexistent in
earlier ages. However, for the most part, these theories are either not scientifically testable
and fall outside the area of attention of the field of biology, or have been disproved by one
or more fields of science.

This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of Cleveland
State University.

15 http://en.wikibooks.org/wiki/molecular%20biology
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3 The Nature of Molecules

3.1 Matter

Matter is defined as anything that has mass1 (an amount of matter in an object) and
occupies space2 (which is measured as volume3).

• Particles, from smallest to largest
1. Subatomic particles

• Electrons4

• Protons5

• Neutrons6

2. Atoms
3. Molecules
4. Macromolecules

• Origin of matter
1. Big Bang7, about 13.7 billion years ago
2. Hydrogen8, helium9

3. Heavier elements formed in suns, super nova
• Earth's matter predates formation of sun, 4.5 billion years ago

• All matter consists of atoms, which are composed of : electrons, protons, neutrons

3.2 The atom

• Example: Hydrogen
• The simplest element
• One proton (+)
• One electron in orbit (-)

• Built by adding one proton (and one electron) at a time
• Number of protons determines atomic number and number of electrons
• Neutrons

• Neutral charge

1 http://en.wikipedia.org/wiki/mass
2 http://en.wikipedia.org/wiki/space%23Physics
3 http://en.wikipedia.org/wiki/volume
4 http://en.wikipedia.org/wiki/Electrons
5 http://en.wikipedia.org/wiki/Protons
6 http://en.wikipedia.org/wiki/Neutrons
7 http://en.wikipedia.org/wiki/Big%20Bang
8 http://en.wikipedia.org/wiki/Hydrogen
9 http://en.wikipedia.org/wiki/Helium
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• Contribute mass
• May decay

• Oxygen10

• 8 protons (mass)
• 8 electrons
• 8 neutrons (mass)

3.3 Mass and isotopes

• Atomic mass
• Sum of masses of protons and neutrons
• Measured in daltons or AMU (Atomic Mass Unit)
• An AMU is 1/12 the mass of Carbon-12
• proton ˜1 AMU or dalton
• 6.024 x 1023 daltons/gram

• Atoms with same atomic number belong to same element
• Isotopes

• Same atomic number but different atomic mass
• Some are radioactive
• Uses of isotopes

• Radioactive: 3H, 14C, 32P, 35S
• Tracers in biochemical reactions
• Detection of molecules in recombinant DNA technology (genetic engineering)
• Half-life: dating of rocks, fossils

• Non-radioactive (N, C, O)
• Diet of organisms (including fossils)
• Biochemical tracers

3.4 Electrons

• Negative charge
• Held in orbit about nucleus by attraction to positively charged nucleus
• Atom may gain or lose electron, altering charge

• Cation: loses electron, positive charge
• Na+

• Anion: gains electron, negative charge
• Cl-

• Determine chemical properties of atoms
• Number
• Energy level

10 http://en.wikipedia.org/wiki/Oxygen
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Chemical bonds

3.5 Chemical bonds

• Form molecules
• Enzymes: make, break, rearrange chemical bonds in living systems
• Ionic
• Covalent

• Sharing of one or more pairs of electrons
• Called single, double, or triple

• No net charge (as in ionic bonds)
• No free electrons
• Give rise to discrete molecules
• Hydrogen

3.6 Chemical reactions

• Formation and breaking of chemical bonds
• Shifting arrangement of atoms
• Reactants -> products
• Reactions are influenced by:

• Temperature
• Concentration of reactants, products
• Presence of catalysts (enzymes)

• Oxidation:reduction

3.7 Water

• Essential for life
• ˜75% earth's surface is water
• Life evolved in water
• Solvent for many types of solutes
• High specific heat
• High polarity

• Creates a slightly negative Oxygen and a Slightly positive hydrogen
• allows formation of Hydrogen Bonds

3.7.1 Hydrogen bonding

• A type of polar interaction
• Critical for:

• Protein structure
• Enzymatic reactions
• Movement of water in plant stems

• Weak and transient
• Powerful cumulative effect

13
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• Solubility of many compounds
• Cohesion (capillary action)
• Lower density of ice

• Formed between molecules other than water
• Protein structure
• DNA11, RNA12 structure

Water organizes nonpolar molecules

• Nonpolar molecules: no polarity (+/-) charges
• Hydrophobic: exclude water because they don't form hydrogen bonds with it
• Consequences:

• Membranes
• Protein structure

• Hydrophilic: polar substances associate with water

Ionization of water: H2O -> H+ + OH-

• Forms a Hydrogen ion (H+), hydroxide ion (OH-)
• Due to spontaneous breakage of covalent bond
• At 25°C, 1 liter of water contains 10-7 moles of H+ ions: 10-7 moles/liter

pH

• A convenient way of indicating H+ concentration
• pH13 = -log[H+]
• For water, pH = -log[10-7] = 7
• Since for each H+ in pure water, there is one OH-, pH of 7 indicates neutrality
• Logarithmic scale

Buffer

• Reservoir for H+

• Maintains relatively constant pH over buffering range

This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the
Cleveland State University.

11 http://en.wikipedia.org/wiki/DNA
12 http://en.wikipedia.org/wiki/RNA
13 http://en.wikipedia.org/wiki/pH
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4 The Chemical Building Blocks of Life

Building blocks of life

• Carbon based: organic molecules
• Carbohydrates: CHO
• Lipids: CHO, water insoluble
• Proteins: CHONS, structure/function in cells
• Nucleic acids: CHONP, hereditary (genetic) information

4.1 Carbon

• Can make 4 covalent bonds1

• Chains
• Straight
• Branched
• Ring

• Hydrocarbons2 (C, H): store energy
• Functional groups

• Attach to carbon
• Alter chemical properties
• Form macromolecules
• Sapoteton

4.2 Carbohydrates

• Principally CHO (rare N, S and P)
• 1C:2H:1O ratio
• Energy rich (many C-H bonds)

• Monosaccharides (principal: glucose3)
• Simple sugars
• Principle formula: C6H12O6
• Form rings in water solution

• Disaccharides (sucrose, lactose)
• Polysaccharides (starch, glycogen, cellulose, chitin)

1 http://en.wikipedia.org/wiki/covalent%20bonds
2 http://en.wikipedia.org/wiki/Hydrocarbons
3 http://en.wikipedia.org/wiki/glucose
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The Chemical Building Blocks of Life

4.3 Stereoisomers

• Bond angles of carbon point to corners of a tetrahedron
• When 4 different groups are attached to a carbon, it is asymmetric, leading to various

types of isomerism
• Stereoisomers: (D, L)

• Same chemical properties
• Different biological properties
• D sugars, L amino acids

4.4 Lipids

• C-H bonds (nonpolar) instead of C-OH bonds as in carbohydrates
• High energy
• Hydrophobic (insoluble in water)

• Categories
• Fats: glycerol and three fatty acids
• Phospholipids: primary component of membranes
• Prostaglandins: chemical messengers (hormones)
• Steroids: membrane component; hormones
• Terpenes: pigments; structure

4.4.1 Fatty acids

• Hydrocarbon chain
• Even number of C, 14->20
• Terminates in carboxyl group

• Saturated: contain maximum number of hydrogens (all single bonds); maximum energy
• Unsaturated: one or more double bonds

• Usually higher melting point
• Many common oils are polyunsaturated

4.5 Proteins

• Polymer of amino acids
• 21 different amino acids found in proteins
• Sequence of amino acids determined by gene

• Amino acid sequence determines shape of molecule
• Linked by peptide bond (covalent)

• Functions
• regulate chemical reactions and cell processes [enzymes]
• form bone and muscle; various other tissues
• facilitate transport across cell membrane [carrier proteins]

16



Proteins

• fight disease [antibodies]
• Motifs: folding patterns of secondary structure
• Domains: structural, functional part of protein often independent of another part; often

encoded by different exons
• Shape determines protein's function

4.5.1 Amino acids

• 21 commonly found in proteins
• 21st is selenocysteine, not mentioned in text

• Common structure
• Amino group: NH2
• Carboxyl group: COOH
• R group- 4 different kinds of R groups

• acidic
• basic
• hydrophilic (polar)
• hydrophobic (nonpolar)

• Confer individual properties on amino acids
• List of amino acids4

4.5.2 Structure

• Primary structure: the amino acid sequence
• Determines higher orders of structure
• Critical for structure and function of protein

• Secondary: stabilized by intramolecular hydrogen bonding
• helix
• sheet

• Tertiary: folding, stabilized by ionic bonds (between R groups), hydrogen bonding, van
der Waal's forces, hydrophobic interactions

• Quaternary: _2 polypeptides

4.5.3 Function

• Requires proper folding, cofactors, pH, temperature, etc.
• Proteins are often modified after synthesis

• Chemical modification
• Addition of heme groups (hemoglobin, cytochrome)

• Denatured proteins can not function properly
• Proteins are degraded by proteosome as part of constant turnover of cell components

4 http://en.wikipedia.org/wiki/Amino%20acid%23List%20of%20amino%20acids
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4.6 Hereditary (Genetic) information

• Nucleic acids
• DNA: deoxyribonucleic acid

• Hereditary information of all cells
• Hereditary information for many viruses

• RNA: ribonucleic acid
• Hereditary information of certain viruses (HIV5)
• Intermediate in gene expression
• Composed of nucleotides

• Ribonucleotides
• Deoxyribonucleotides

4.6.1 RNA DNA origin

• Which came first?
• Paradox: DNA encodes protein necessary for its own replication
• Discovery of catalytic RNA by Cech and Altman suggested that RNA might have been

first self-replicating molecule
• DNA evolved as more stable type of storage molecule

This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the
Cleveland State University.

Proteins: Their building block is amino acids. The bond connecting 2 of the amino acids
together are called peptide bonds. One of these bonds makes a monopeptide, two a dipeptide,
and any more than that makes a polypeptide.

5 http://en.wikipedia.org/wiki/HIV
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5 Life: History and Origin

5.1 Properties of life

1. Organization: Being structurally composed of one or more cells, which are the basic
units of life.
• prokaryote: no nucleus
• eukaryote: membrane bound nucleus.

2. Sensitivity: respond to stimuli.

3. Energy Processing

4. Growth and Development

5. Reproduction

• hereditary mechanisms to make more of self; DNA based.
6. Regulation, including homeostasis.

7. Evolution.

5.2 Origin of life: 3 hypotheses

• Extraterrestrial origin (panspermia): meteor, comet borne from elsewhere in universe
• evidence of amino acids and other organic material in space (but often both D & L

forms)
• questionable bacterial fossils in Martian rock

-However, this would imply that some other origin of life was likely because it would have
had to happen elsewhere before it could be transported here, and the only difference would
be that life did not originate on Earth.

• Spontaneous origin on earth: primitive self-replicating macromolecules acted upon by
natural selection ((macro)Evolution is one example of this)

-This is often attacked for the seeming impossibility for life to have been produced by a
chemical reaction triggered by lightning and the ability of any produced DNA to actually be
in a sequence that could produce a working model of life if replicated. It is also attacked
for religious reasons, as it bypasses things like the idea of a supreme being directly creating
humans. It also seems unlikely to some that such huge changes are possible in evolution

19



Life: History and Origin

without evidence of an "in-between stage" that is credible. Many of the stages of man are
disputed due to their somewhat shakey grounds. For example, bones from other animals
have been taken accidentally in some cases to be part of a humanoid, and complete skeletons
have been sketched out from a limited number of bones.

• Special creation: religious explanations (Intelligent Design is one popular example of
this.) These explanations contend that life was created by God (or perhaps some other
Intelligent Designer).
• Proponents of Intelligent design suggest that the vast complexity of life could only

have been intentionally designed while other creationists cite biblical support.

-This is often attacked for many of the same reasons that religion is attacked, and is often
regarded as superstitious and/or unscientific.

• It is debated as to whether schools should teach one hypothesis or the other when talking
about the origin of life. However, since they are all currently known major hypotheses
(and sometimes hypotheses proven wrong are shown for educational purposes), this
wikibook includes what it can without discriminating unfairly against one hypothesis or
the other.

5.3 The early earth

It is believed that the Earth was formed about 4.5 billion years ago.

• Heavy bombardment by rubble ceased about 3.8 billion years ago.
• Reducing atmosphere: much free H

• also H2O, NH3, CH4
• little, if any, free O2
• with numerous H electrons, require little energy to form organic compounds with C

• Warm oceans, estimated at 49-88°C
• Lack of O2 and consequent ozone (O3) meant considerable UV energy

Chemical reactions on early earth

• UV and other energy sources would promote chemical reactions and formation of organic
molecules

• Testable hypothesis: Miller-Urey experiment
• simulated early atmospheric conditions
• found amino acids, sugars, etc., building blocks of life
• won Nobel prize for work
• experiment showed prebiotic synthesis of biological molecules was possible

Issues

• Miller later conceded that the conditions in his experiments were not representative of
what is currently thought to be those of early earth

• He also conceded that science has no answer for how amino acids could self-organize into
replicating molecules and cells

• In the 50 years since Miller-Urey, significant issues and problems for biogenesis have been
identified. This is a weak hypothesis at this time.
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• Conclusion: Life exists, we don't know why.

5.4 Origin of cells

Cells are very small and decompose quickly after death. As such, fossils of the earliest cells
do not exist. Scientists have had to form a variety of theories on how cells (and hence life)
was created on Earth.

• Bubble hypothesis
• A. Oparin, J.B.S. Haldane, 1930’s

• Primary abiogenesis: life as consequence of geochemical processes
• Protobionts: isolated collections of organic material enclosed in hydrophobic bubbles

• Numerous variants: microspheres, protocells, protobionts, micelles, liposomes, coacer-
vates

• Other surfaces for evolution of life
• deep sea thermal vents
• ice crystals
• clay surfaces
• tidal pools

5.5 The RNA world?

• DNA → RNA → polypeptide (protein)
• Catalytic RNA: ribozyme

• discovered independently by Tom Cech and Sid Altman (Nobel prize)
• catalytic properties: hydrolysis, polymerization, peptide bond formation, etc.

• Self-replicating RNA molecule may have given rise to life
• consistent with numerous roles for RNA in cells as well as roles for ribonucleotides

(ATP)
• relationship to bubble-like structures is uncertain

5.6 The earliest cells

• Microfossils
• ˜3.5 by
• resemble bacteria: prokaryotes
• biochemical residues
• stromatolites

• Archaebacteria (more properly Archaea)
• extremophiles: salt, acid, alkali, heat, methanogens
• may not represent most ancient life

• Eubacteria
• cyanobacteria: photosynthesis

• atmospheric O2; limestone deposits
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• chloroplasts of eukaryotes

Cyanobacteria

5.7 Major steps in evolution of life

• Prebiotic synthesis of macromolecules
• Self replication

• RNA? (primitive metabolism)
• DNA as hereditary material
• 1st cells
• Photosynthesis
• Aerobic respiration
• Multicellularity (more than once)

This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the
Cleveland State University.
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7 Cell structure

7.1 What is a cell?

The word cell comes from the Latin word "cella", meaning "small room", and it was first
coined by a microscopist observing the structure of cork. The cell is the basic unit of all
living things, and all organisms are composed of one or more cells. Cells are so basic and
critical to the study of life, in fact, that they are often referred to as "the building blocks of
life". Organisms - bacteria, amoebae and yeasts, for example - may consist of as few as one
cell, while a typical human body contains about a trillion cells.

According to Cell Theory, first proposed by Schleiden and Schwann in 1839, all life consists
of cells. The theory also states that all cells come from previously living cells, all vital
functions (chemical reactions) of organisms are carried out inside of cells, and that cells
contain necessary hereditary information to carry out necessary functions and replicate
themselves.

All cells contain:

• Lipid bilayer boundary (plasma membrane1)
• Cytoplasm2

• DNA3 (hereditary information)
• Ribosomes4 for protein synthesis

Eukaryotic cells also contain:

• At least one nucleus5

• Mitochondria6 for cell respiration and energy

Cells may also contain:

• Lysosomes7

• Peroxisomes8

• Vacuoles9

• Cell walls10

1 http://en.wikipedia.org/wiki/plasma%20membrane
2 http://en.wikipedia.org/wiki/Cytoplasm
3 http://en.wikipedia.org/wiki/DNA
4 http://en.wikipedia.org/wiki/Ribosome
5 http://en.wikipedia.org/wiki/Cell%20Nucleus
6 http://en.wikipedia.org/wiki/Mitochondrion
7 http://en.wikipedia.org/wiki/Lysosome
8 http://en.wikipedia.org/wiki/Peroxisome
9 http://en.wikipedia.org/wiki/Vacuole
10 http://en.wikipedia.org/wiki/Cell%20Wall
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Cell structure

7.1.1 Concepts

Plasma Membrane

Phospholipid bilayer, which contains great amount of proteins, the most important functions
are the following:

1. It selectively isolates the content of the cell of the external atmosphere.
2. It regulates the interchange of substances between the cytoplasm and the environment.
3. Communicates with other cells.

Model of the fluid mosaic

Describes the structure of the plasma membrane, this model was developed in 1972 by
cellular biologists J. Singer and L. Nicholson.

Phospholipid bilayer

Is in the plasma membrane and produces the fluid part of membranes.

Proteins

Long chains of amino acids.

Glucose proteins

Proteins together with carbohydrates in the plasma membrane, mostly in the outer parts
of the cell.

Functions of proteins

Transport oxygen, they are components of hair and nails, and allow the cell interact with
its environment.

Transport Proteins

Regulate the movement of soluble water molecules, through the plasma membrane. Some
transport proteins called channel proteins form pores or channels in the membrane so
that water soluble molecules pass.

Carrying proteins

Have union sites that can hold specific molecules.

Reception proteins

They activate cellular responses when specific molecules join.

Proteins of recognition

They work as identifiers and as place of union to the cellular surface.

Fluid

It is any substance that can move or change of form.

Concentration

Number of molecules in a determined unit of volume.
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Gradient

Physical difference between two regions of space, in such a way that the molecules tend to
move in response to the gradients.

Diffusion

Movement of the molecules in a fluid, from the regions of high concentration to those of
low concentration.

Passive transport

Movement of substances in a membrane that doesn’t need to use energy.

Simple diffusion

Diffusion of water, gases or molecules across the membrane.

Facilitated diffusion

Diffusion of molecules across the membranes with the participation of proteins.

Osmosis

Diffusion of the water across a membrane with differential permeability.

Transport that needs energy

Movement of substances across a membrane generally in opposition to a gradient of
concentration with the requirement of energy.

Active transport

Movement of small molecules using energy (ATP).

Endocytosis

Movement of big particles towards the interior of the cell using energy. The cells enclose
particles or liquids.

Pinocytosis

(Literally cell drinking) Form in which the cell introduces liquids.

Phagocytosis

Way of eating of the cells. It feeds in this case of big particles or entire microorganisms.

Pseudopods

False feet (the amoeba).

Exocitosis

Movement of materials out of the cell with the use of energy. It throws waste material.

Isotonic

The cytoplasm fluid of the interior of the cells is the same that the outer.

Hypertonic solution
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The solutions that have a higher concentration of dissolved particles than the cellular
cytoplasm and that therefore water of the cells goes out with osmosis.

Hypotonic

The solutions with a concentration of dissolved particles lower than the cytoplasm of a cell
and that therefore do that water enters the cell with osmosis.

Swelling

Pressure of the water inside the vacuole.

Endoplasmic Reticulum

It is the place of the synthesis of the cellular membrane.

7.1.2 Structure and function of the cell

Rudolf Virchow

Zoologist, who proposed the postulates of the cellular theory, observes that the living cells
could grow and be in two places at the same time, he proposed that all the cells come from
other equal cells and proposed 3 postulates:

1. Every living organism is formed from one or more cells
2. The smallest organisms are unicellular and these in turn are the functional units of

the multicellular organisms.
3. All the cells come from preexisting cells.

7.1.3 Common characteristics of all the cells

Molecular components

Proteins, amino acids, lipids, sweeten, DNA, RNA.

Structural components

Plasmatic membrane, citoplasm, ribosomes.

Robert Hooke

He postuled for the first time the term cell

Prokaryotes

Their genetic material is not enclosed in a membrane ex. Bacterias

Eukaryotes

Their genetic material is contained inside a nucleus closed by a membrane
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7.2 History of cell knowledge

The optical microscope was first invented in 17th century. Shortly thereafter scientists began
to examine living and dead biological tissues in order to better understand the science of
life. Some of the most relevant discovery milestones of the time period include:

• The invention of the microscope11, which allowed scientists for the first time to see
biological cells

• Robert Hooke12 in 1665 looked at cork under a microscope and described what he called
cork "cells"

• Anton van Leeuwenhoek13 called the single-celled organisms that he saw under the
microscope "animalcules"

• Matthias Jakob Schleiden14, a botanist, in 1838 determined that all plants consist of
cells

• Theodor Schwann15, a zoologist, in 1839 determined that all animals consist of cells
• Rudolf Virchow16 proposed the theory that all cells arise from previously existing cells

In 1838, the botanist Matthias Jakob Schleiden and the physiologist Theodor Schwann
discovered that both plant cells and animal cells had nuclei. Based on their observations,
the two scientists conceived of the hypothesis that all living things were composed of cells.
In 1839, Schwann published 'Microscopic Investigations on the Accordance in the Structure
and Growth of Plants and Animals', which contained the first statement of their joint cell
theory.

7.2.1 Cell Theory

Schleiden and Schwann proposed spontaneous generation as the method for cell origination,
but spontaneous generation (also called abiogenesis17) was later disproven. Rudolf Virchow
famously stated "Omnis cellula e cellula"... "All cells only arise from pre-existing cells." The
parts of the theory that did not have to do with the origin of cells, however, held up to
scientific scrutiny and are widely agreed upon by the scientific community today.

The generally accepted portions of the modern Cell Theory are as follows: (1) The cell is the
fundamental unit of structure and function in living things. (2) All organisms are made up
of one or more cells. (3) Cells arise from other cells through cellular division. (4) Cells carry
genetic material passed to daughter cells during cellular division. (5) All cells are essentially
the same in chemical composition. (6) Energy flow (metabolism and biochemistry) occurs
within cells.

11 http://en.wikipedia.org/wiki/microscope
12 http://en.wikipedia.org/wiki/Robert%20Hooke
13 http://en.wikipedia.org/wiki/Anton%20van%20Leeuwenhoek
14 http://en.wikipedia.org/wiki/Matthias%20Jakob%20Schleiden
15 http://en.wikipedia.org/wiki/Theodor%20Schwann
16 http://en.wikipedia.org/wiki/Rudolf%20Virchow
17 http://en.wikipedia.org/wiki/Abiogenesis
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Cell structure

7.3 Microscopes

• Allow greater resolution, can see finer detail
• Eye: resolution of ˜ 100 μm
• Light microscope18: resolution of ˜ 200 nm
• Limited to cells are larger organelles within cells
• Confocal microscopy19: 2 dimension view
• Electron microscope20: resolution of ˜0.2 nm
• Laser tweezers: move cell contents

7.4 Cell size

One may wonder why all cells are so small. If being able to store nutrients is beneficial
to the cell, how come there are no animals existing in nature with huge cells? Physical
limitations prevent this from occurring. A cell must be able to diffuse gases and nutrients in
and out of the cell. A cell's surface area does not increase as quickly as its volume, and as a
result a large cell may require more input of a substance or output of a substance than it
is reasonably able to perform. Worse, the distance between two points within the cell can
be large enough that regions of the cell would have trouble communicating, and it takes a
relatively long time for substances to travel across the cell.

That is not to say large cells don't exist. They are, once again, less efficient at exchanging
materials within themselves and with their environment, but they are still functional. These
cells typically have more than one copy of their genetic information, so they can manufacture
proteins locally within different parts of the cell.

Key concepts: Cell size:

• Is limited by need for regions of cell to communicate
• Diffuse oxygen and other gases
• Transport of mRNA21 and protein22s

• Surface area to volume ratio limited
• Larger cells typically:

• Have extra copies of genetic information
• Have slower communication between parts of cell

18 http://en.wikipedia.org/wiki/Light%20microscope
19 http://en.wikipedia.org/wiki/microscopy
20 http://en.wikipedia.org/wiki/Electron%20microscope
21 http://en.wikipedia.org/wiki/RNA
22 http://en.wikipedia.org/wiki/protein
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8 Structure of Eukaryotic cells

Eukaryotic1 cells feature membrane delimited nucleii containing two or more linear chromo-
some2s; numerous membrane-bound cytoplasmic organelles: mitochondria, RER3, SER4,
lysosomes, vacuole5s, chloroplast6s; ribosomes and a cytoskeleton7. Also, plants, fungi, and
some protists have a cell wall.

8.1 Structure of the nucleus

The nucleus is the round object in the cell that holds the genetic information (DNA) of the
cell. It is surrounded by a nuclear envelope and has a nucleolus inside.

8.1.1 Nuclear envelope

The nuclear envelope is a double-layered plasma membrane8 like the cell membrane, although
without membrane proteins. To allow some chemicals to enter the nucleus, the nuclear
envelope has structures called Nuclear pore9s. The nuclear envelope is continuous with the
endoplasmic reticulum.

8.1.2 Nucleolus

The nucleolus appears in a microscope as a small dark area within the nucleus. The nucleolus
is the area where there is a high amount of DNA transcription10 taking place.

1 http://en.wikipedia.org/wiki/Eukaryote
2 http://en.wikipedia.org/wiki/chromosome
3 http://en.wikipedia.org/wiki/RER
4 http://en.wikipedia.org/wiki/SER
5 http://en.wikipedia.org/wiki/vacuole
6 http://en.wikipedia.org/wiki/chloroplast
7 http://en.wikipedia.org/wiki/cytoskeleton
8 http://en.wikibooks.org/wiki/Plasma%20membrane
9 http://en.wikibooks.org/wiki/Nuclear%20pore
10 http://en.wikibooks.org/wiki/DNA%20transcription
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Structure of Eukaryotic cells

8.2 Chromatin

Chromosomes consist of chromatin11. This is made up of strings of DNA, which typically
measure centimeters in length if stretched out. This DNA is wound around a histone12 core
and organized into nucleosome13s.

The chromatin14 must be uncoiled for gene expression15 and replication16. Chromosome
micrograph

8.3 Endoplasmic reticulum

The endoplasmic reticulum17 is a cellular organelle18 made up of a series of extended folded
intracellular membranes. It is continuous with the nuclear membane.

There are two main types of endoplasmic reticulum:

• RER: rough endoplasmic reticulum (site of protein synthesis19) associated with ribosomes
• SER: smooth endoplasmic reticulum (site of lipid synthesis20)

8.3.1 Rough Endoplasmic Reticulum

Proteins are directed to the RER by a signal sequence of a growing polypeptide21s on
the ribosome. This is recognised by a signal recognition particle which brings the ribo-
some/polypeptide complex to a channel on the RER called a translocon. At the translocon,
the signal sequence and ribosome/polypeptide complex interact with the translocon to open
it. The signal sequence becomes attached to the translocon. The ribosome can continue to
translate the polypeptide into the lumen of the RER. As synthesis continues, 2 processes
can happen.

1. If the protein is destined to become a membrane bound protein then the protein
synthesis will continue until termination. The ribosome can then dissociate, allowing
protein folding within the RER lumen to occur and continuation to the golgi apparatus
for processing of the polypeptide.

2. If the protein is destined for storage for later secretion after stimulation or for continuous
secretion then a protease-enzyme which cuts proteins at the peptide bond-can cut the
signal sequence from the growing polypeptide. Continuation to the golgi etc. can then
occur.

11 http://en.wikipedia.org/wiki/chromatin
12 http://en.wikipedia.org/wiki/histone
13 http://en.wikipedia.org/wiki/nucleosome
14 http://en.wikipedia.org/wiki/chromatin
15 http://en.wikipedia.org/wiki/gene%20expression
16 http://en.wikipedia.org/wiki/replication
17 http://en.wikipedia.org/wiki/endoplasmic%20reticulum
18 http://en.wikipedia.org/wiki/organelle
19 http://en.wikipedia.org/wiki/protein%20synthesis
20 http://en.wikipedia.org/wiki/lipid%20synthesis
21 http://en.wikipedia.org/wiki/polypeptide
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Endoplasmic reticulum

When produced, proteins are then exported to one of several locations. The proteins are
either modified for extracellular membrane insertion or secretion. Note, this is in contrast
with ribosomes which do not associate with the RER and produce proteins which will become
cytosolic enzymes for example.

8.3.2 Smooth Endoplasmic Reticulum

Smooth endoplasmic reticulum produces enzyme22s for lipid and carbohydrate biosynthesis
and detoxification RER

8.3.3 Sarcoplasmic Reticulum

This is a specialised form of endoplasmic reticulum found in some muscle cell types-
particularly striated, skeletal muscle. Its main function is different from the other 2 types in
that is mainly acts as a storage of calcium. This reticulum has voltage gated channels which
respond to signals from 'motor neurones' to open and release calcium into the cytoplasm.
This can then bring about the next part in muscle contraction.

Figure 4

Figure 1 :Image of nucleus23, endoplas-
mic reticulum and Golgi apparatus.

1. Nucleus.
2. Nuclear pore.
3. Rough endoplasmic reticulum (RER).
4. Smooth endoplasmic reticulum (SER).
5. Ribosome on the rough ER.
6. Proteins that are transported.
7. Transport vesicle.
8. Golgi apparatus.
9. Cis face of the Golgi apparatus.
10. Trans face of the Golgi apparatus.
11. Cisternae of the Golgi apparatus.
1.

22 http://en.wikipedia.org/wiki/enzyme
23 http://en.wikipedia.org/wiki/cell%20nucleus
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Structure of Eukaryotic cells

8.4 The Golgi apparatus

The golgi apparatus24 is made up of multiple stacks of bilipid membranes.

• Proteins made on the RER are modified and then sorted
• Formation of secretory vesicles
• Formation of lysosomes (intracellular digestion)

Other membrane-bound cytoplasmic organelles include:

• Microbodies25 (generic term)
• Glyoxysome (transforms fat into carbohydrate in plants)
• Peroxisome26 (uses oxidative metabolism to form hydrogen peroxide and is destroyed by

catalase27)

8.5 Ribosomes

Ribosomes are the site of protein synthesis. Ribosomes themselves are synthesized in the
cell nucleoli28 and are structured as two subunits, the large and the small. These parts are
composed of RNA and protein.

Prokaryotic and eukaryotic ribosomes are different, the eukaryotic ones being larger and
more complicated.

8.6 DNA-containing organelles

Mitochondria

• Double membrane
• Aerobic metabolism, internal membrane
• DNA, ribosomes
• Give rise to new mitochondria

Chloroplast29

• Double membrane
• Photosynthesis, internal membrane
• DNA, ribosomes
• Give rise to new chloroplasts

Centriole30s

24 http://en.wikipedia.org/wiki/Golgi%20apparatus
25 http://en.wikipedia.org/wiki/Microbody
26 http://en.wikipedia.org/wiki/Peroxisome
27 http://en.wikipedia.org/wiki/catalase
28 http://en.wikipedia.org/wiki/nucleoli
29 http://en.wikipedia.org/wiki/Chloroplast
30 http://en.wikipedia.org/wiki/Centriole
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Cytoskeleton

• Microtubule organizing centers
• Animal cells and many protists
• Pair constitutes the centrosome
• Give rise to flagellum during spermatogenesis

• Consist of 9 triplet microtubules
• Mitosis31, meiosis32

8.7 Cytoskeleton

Cytoskeleton is a collective term for different filaments of proteins that can give physical
shape within the cell and are responsible for the 'roads' which organelles can be carried
along.

• Gives the cell shape
• Anchors other organelles
• Vital to intracellular transport of large molecules

The cytoskeleton is composed of 3 main types of filaments:

• Actin33 filaments (7 nm)
• Microtubule34s: (25 nm) polymer of tubulin; 13/ring.
• Intermediate Filament35s

Both actin and microtubules can have associated motor proteins.

8.7.1 Intermediate Filaments

These are rope like filaments, 8-10nm in diameter and tend to give the structural stability to
cells. Examples inculude Vimentin, neurofilaments and keratin. It is keratin which priniciply
makes up hair, nails and horns.

8.7.2 Actin Filaments

Growth
These filaments are 2-stranded and composed of dimeric subunits called G-Actin. They
contain a GTP molecule in order to bind (polymerise). As GTP is hydrolysed then the
structure becomes unstable and depolymerisation occurs. The growth of actin filaments is
concentration dependant-that is, the higher the concentration of free G-actin, the greater
the polymerisation. The are also polar, having a + and a - end (not related to charge) and
polymerisation tends to happen faster at the + end.

31 http://en.wikipedia.org/wiki/mitosis
32 http://en.wikipedia.org/wiki/meiosis
33 http://en.wikipedia.org/wiki/Actin
34 http://en.wikipedia.org/wiki/Microtubule
35 http://en.wikipedia.org/wiki/Intermediate%20Filament
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Structure of Eukaryotic cells

Cilia and flagella are threads of microtubules that extend from the exterior of cells and used
to move single celled organisms as well as move substances away from the surface of the cell.
motor proteins-move, wave motion
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9 Membranes

9.1 Biological membranes

Figure 5 Plasma membrane bilayer
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Membranes

Biological membranes surround cells and serve to keep the insides separated from the outsides.
They are formed of phospholipid bilayer1s, which by definition are a double layer of fatty
acid2 molecules (mostly phospholipid3s, lipids containing lots of phosphorus).

Proteins4 serve very important functions in cellular membranes. They are active transports
in and out of the cell, acting as gatekeepers. They relay signals in and out of the cell.
Proteins are the site of many enzymatic reactions in the cell, and play a role in
regulation of cellular processes.

9.2 Phospholipid

Phospholipid bilayer

• basis of biological membranes and cellular organisms
• contains a charged, hydrophilic (attracted to water) head and two hydrophobic (repelled

by water) hydrocarbon tails
• In presence of water, phospholipids form bilayer

• maximize hydrogen bonds between water
• creates barrier to passage of materials
• fluid mosaic model shows horizontal (common) and "flip-flop" (rare) movement of

phospholipids

9.3 Fluid mosaic model

• Current model of membrane
• Phospholipid bilayer

• Phospholipids
• Move freely in lipid layer, but rarely switch layers
• Different phospholipids in each layer in different organelles

• Glycolipids
• Sterols (cholesterol in animals)

• Transmembrane proteins "float" in fluid lipid bilayer
• also called intrinsic, integral proteins

• Exterior (extrinsic, peripheral) proteins

9.4 Membrane proteins

• Transport channels
• Enzymes
• Cell surface receptors

1 http://en.wikibooks.org/wiki/lipid%20bilayer
2 http://en.wikibooks.org/wiki/Fatty%20acid
3 http://en.wikibooks.org/wiki/phospholipid
4 http://en.wikibooks.org/wiki/Proteins
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Membrane proteins

• Cell surface identity markers
• Cell adhesion proteins
• Attachments to cytoskeleton

Integral membrane proteins

• Anchoring to membrane
• Protein has attached phosphatidylinositol (GPI) linkage, anchors protein in outer

layer (no picture)
• Protein has one or more hydrophobic transmembrane domains

• -helix
• -sheet

Channel protein Transport across membranes * Diffusion

• • From higher concentration to lower concentration
• Membranes are selectively permeable

• Ions diffuse through membrane channels
• Selective
• Movement determined by diffusion and voltage differences

• Facilitated diffusion
• Carrier protein, physically binds transported molecule

• Osmosis
• Diffusion of water down concentration gradient
• In cell: various solutes (amino acids, ions, sugars, etc.)

• interact with water, e.g., hydration shells
• Water moves through aquaporin channels into cell
• Depends upon the concentration of all solutes in solution

• Hyperosmotic solution: higher concentration of solutes
• Hypoosmotic solution: lower concentration of solutes
• Isoosmotic solution: solute concentrations equal

• Water moves from hypoosmotic solution to hyperosmotic solution

Osmotic pressure Bulk transport

• Endocytosis: energy requiring
• Phagocytosis

• Solid material, typically food
• Pinocytosis

• Primarily liquid

** Receptor-mediated endocytosis

• Pits on cell surface coated with clathrin and receptors
• Bind specific proteins
• Exocytosis

• Discharge of materials from vesicle at cell surface
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9.5 Receptor-mediated endocytosis

Active transport

• Energy required (usually ATP)
• Highly selective
• Works against concentration gradient
• Many examples, e.g., Na+/K+ pump

Cotransport (coupled transport)

• Does not use ATP directly
• Molecule is transported in connection with another molecule that is moving down a

concentration gradient
• Example: Na+ gradient is established by a Na+ pump, with higher concentration on

outside of cell. Cotransport channel carries Na+ and another molecule (e.g. glucose)
into cell

• May involve proton (H+) pumps (chemiosmosis - ATP production)

This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the
Cleveland State University.
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10 Cell-cell interactions

with the environment with each other

10.1 Cell signaling

• Signaling requires
• Signal
• Cell receptor (usually on surface)

• Signaling is important in:
• Response to environmental stimuli
• Sex
• Development

• Major area of research in biology today

10.1.1 Types of signaling

• Direct contact (e.g., gap junctions between cells)
• Paracrine: Diffusion of signal molecules in extracellular fluid; highly local
• Endocrine: Signal (hormone) molecule travels through circulatory system
• Synaptic: neurotransmitters

Types of signal molecules

• Hormones: chemically diverse
• Steroid
• Polypeptide
• Vitamin/amino acid derived

• Cell surface proteins/glycoproteins
• Ca2+, NO
• Neurotransmitter

• Several hundred types
• Some are also hormones e.g. Estrogen, progesterone

Receptor molecules

• Intracellular
• Protein that binds signal molecule in cytoplasm
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Cell-cell interactions

• Bound receptor may act as:
• Gene regulator
• Enzyme
• Cell surface

• Gated ion channels (neurotransmitter receptor)
• Enzymic receptors
• G protein-linked receptors

Cell surface protein

• Tissue identity
• glycolipids
• MHC proteins

• Immune systems
• distinguish self from not-self

• Intercellular adhesion
• permanent contact
• help form sheets of cells, tissues
• may permit signaling

Example: G proteins

• Transmembrane surface receptor binds signal molecule
• Conformational change allows binding of G protein on cytoplasmic side
• G protein binds GTP, becomes activated
• G protein activates intracellular signal cascade

• Change in gene expression
• Secrection
• Many other possible consequences

10.2 Communicating junctions

• Gap junctions
• animals
• small molecules and ions may pass

• Plasmodesmata
• plants
• lined with plasma membrane
• permit passage of water, sugars, etc.

10.2.1 Gap junctions

This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the
Cleveland State University.
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11 Energy and Metabolism

11.1 Energy

• The capacity to do work.
• Kinetic energy: energy of motion (ex. jogging).
• Potential energy: stored energy (ex. a lion that is about to leap on its prey).

• Many forms of energy: e.g.,
• Heat
• Sound
• Electric current
• Light
• All convertible to heat

• Most energy for biological world is from sun
• Heat (energy of random molecular motion, thermal energy)

• Convenient in biology
• All other energy forms can be converted to heat
• Thermodynamics: study of thermal energy

• Heat typically measured in kilocalories
• Kcal: 1000 calories
• 1 calorie: amount of heat required to raise the temperature of one gram of water one

degree Celsius (°C)
• Heat plays major role in biological systems

• Ecological importance
• Biochemical reactions

11.2 Oxidation–Reduction

• Energy flows into biological world from sun
• Light energy is captured by photosynthesis

• Light energy raises electrons to higher energy levels
• Stored as potential energy in covalent C-H bonds of sugars

• Strength of covalent bond is measured by amount of energy required to break it
• 98.8 kcal/mole of C-H bonds

• In chemical reaction, energy stored in covalent bonds may transfer to new bonds. When
this involves transfer of electrons, it is oxidation–reduction reaction

• Always take place together
• Electron lost by atom or molecule through oxidation is gained by another atom or

molecule through reduction
• Potential energy is transferred from one molecule to another (but never 100%)
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Energy and Metabolism

• Often called redox reactions
• Photosynthesis
• Cellular Respiration
• Chemiosynthesis
• Autotrophs
• Heterotrophs

11.3 NAD+

• Common electron acceptor/donor in redox reactions
• Energetic electrons often paired with H+

11.4 Free energy

• Energy required to break and subsequently form other chemical bonds
• Chemical bonds: sharing of electrons, tend to hold atoms of molecule together
• Heat, by increasing atomic motion, makes it easier to break bonds (entropy)

• Energy available to do work in a system
• In cells, G = H - TS

• G = Gibbs’ free energy
• H = H (enthalpy) energy in molecule’s chemical bonds
• TS (T, temperature in °K; S, entropy)

• Chemical reactions break and make bonds, producing changes in energy
• Under constant conditions of temperature, pressure and volume, ∆G = ∆H - T∆S
• ∆G, change in free energy

• If positive (+), H is higher, S is lower, so there is more free energy; endergonic reaction,
does not proceed spontaneously; require input of energy (e.g., heat)

• If negative (–), H is lower, S is higher. Product has less free energy; exergonic;
spontaneous

===Activation energy = ==

• Reactions with –∆G often require activation energy
• e.g., burning of glucose
• Must break existing bonds to get reaction started

• Catalysts lower activation energy

11.5 Enzymes

• Biological catalysts
• Protein
• RNA (ribozyme)

• Stabilizes temporary association between reactants (substrates) to facilitate reaction
• Correct orientation
• Stressing bonds of substrate
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Enzymes

• Lower activation energy
• Not consumed (destroyed) in reaction

11.5.1 Carbonic anhydrase

• Important enzyme of red blood cells
• CO2 + H2O → H2CO3 -> HCO3 + H+

• Carbonic anhydrase catalyzes 1st reaction
• Converts water to hydroxyl
• Orients the hydroxyl and CO2

11.5.2 Enzyme mechanism

• One or more active sites which bind substrates (reactants)
• Highly specific

• Binding may alter enzyme conformation, inducing better fit

11.5.3 Factors affecting enzyme activity

• Substrate concentration
• Product concentration
• Cofactor concentration
• Temperature
• pH
• Inhibitors

• Competitive: bind to active site
• Noncompetitive: bind to 2nd site, called allosteric site; changes enzyme conformation

• Activators
• Bind to allosteric sites, increase enzyme activity

Cofactors

• Required by some enzymes
• Positively charged metal ions

• e.g., ions of Zn1, Mo, Mg, Mn
• Draw electrons away from substrate (stress chemical bonds)

• Non-protein organic molecules (coenzymes)
• E.g., NAD+, NADP+, etc.
• Major role in oxidation/reduction reactions by donating or accepting electrons

1 http://en.wikibooks.org/wiki/Zinc
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Energy and Metabolism

11.6 ATP

• Adenosine triphosphate
• Major energy currency of cells, power endergonic reactions
• Stores energy in phosphate bonds

• Highly negative charges, repel each other
• Makes these covalent bonds unstable

• Low activation energy
• When bonds break, energy is transferred
• ATP → ADP + Pi + 7.3 kcal/mole

11.7 Biochemical pathways

• Metabolism: sum of chemical reactions in cell/organism
• Many anabolic and catabolic reactions occur in sequences (biochemical pathways)
• Often highly regulated

Evolution of biochemical pathways

• Protobionts or 1st cells likely used energy rich substrates from environment
• Upon depletion of a substrate, selection would favor catalyst which converts another

molecule into the depleted molecule
• By iteration, pathway evolved backward

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.
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12 Respiration: harvesting of energy

Glucose + O2 → CO2 + H2O + ATP

12.1 Energy

• Energy is primarily in C-H bonds (C-O too)
• Chemical energy drives metabolism

• Autotrophs: harvest energy through photosynthesis or related process (plants, algae,
some bacteria)

• Heterotrophs: live on energy produced by autotrophs (most bacteria and protists,
fungi, animals)

• Digestion: enzymatic breakdown of polymers into monomers
• Catabolism: enzymatic harvesting of energy
• Respiration: harvesting of high energy electrons from glucose

12.2 Respiration

• Transfer of energy from high energy electrons of glucose to ATP
• Energy depleted electron (with associated H+) is donated to acceptor molecule

• Aerobic respiration: oxygen accepts electrons, forms water
• Anaerobic respiration: inorganic molecule accepts hydrogen/electron
• Fermentation: organic molecule accepts hydrogen/electron

12.3 Respiration of glucose

• C6H12O6 + 6 O2 → 6 CO2 + 6 H2O + energy
• ∆G = -720 kcal/mole under cellular conditions
• Largely from the 6 C-H bonds
• Same energy whether burned or catabolized
• In cells, some energy produces heat, most is transferred to ATP

12.4 Alternative anaerobic respiration

• Methanogens (Archaebacteria).
• CO2 is electron acceptor, forming CH4
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Respiration: harvesting of energy

• Sulfur bacteria
• SO4 reduced to H2S
• Formation of H2S set stage for evolution of photosynthesis (H2S as electron donor

before H2O)
• About 2.7 by, based on ratio of 32S/34S, where only biological processes produce 32S

enrichment

12.5 Glycolysis overview

Glycolysis accounting

• Oxidation
• Two electrons (one proton) are transferred from each G3P to NAD+ forming NADH

2NADH

• Substrate level phosphorylation
• G3P to pyruvate forms 2 ATP molecules
4 ATP (from 2 G3P)

–2 ATP (priming)

2 ATP (net gain)

Summary: The net input of glycolysis is 2 ATP molecules which are used to split one glucose
molecule. The net yield of this step is 2 ATP and 2 pyruvate.

12.6 Regeneration of NAD+

• Reduction of NAD+ to NADH can deplete NAD+ supply; it must be regenerated
• Two pathways, coupled to fate of pyruvate

• With oxygen: enter electron transport chain, forming water (and ATP)
• Without oxygen: fermentation

• lactate
• ethanol

12.7 Alcohol fermentation

12.8 Lactate formation

Either lactic acid1 or alcohol can be formed as a result of anaerobic respiration in cells.

1 http://en.wikipedia.org/wiki/Lactate
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Krebs cycle: overview

12.9 Krebs cycle: overview

• Matrix of mitochondrion
• Priming steps

• Joining of acetyl-CoA to oxaloacetate
• Isomerization reactions

• Energy extraction steps in Krebs cycle
• Per glucose

• 6 NADH
• 2 FADH2
• 2 ATP (from GTP)
• 4 CO2

12.10 ATP production

• Chemiosmosis (Mitchell)
• H+ (from NADH and FADH2) is pumped against a gradient into the intermembranal

space of the mitochondrion (creates voltage potential)
• Diffusion back into matrix through ATP synthase channels drives synthesis of ATP (ADP

+ Pi → ATP)
• ATP exits mitochondrion by facilitated transport

12.11 Evolution of aerobic respiration

• Preceded by evolution of photosynthesis (O2 needed; also, prior evolution of electron
transport and chemiosmosis)

• High efficiency of ATP production compared to glycolysis
• Fostered evolution of heterotrophs
• Fostered evolution of mitochondria by endosymbiosis in eukaryotes
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13 Photosynthesis

6 CO2 + 6 H2O → C6H12O6 + 6 O2

• One of most important reactions in history of life:
• source of atmospheric O2
• ultimately led to aerobic respiration and eukaryotes

• Responsible for bulk of glucose production
• Early experiments showed that mass of plant must be derived from substances in the air,

not the soil
• Experiments with isotopes showed that liberated oxygen comes from water
• Experiments also showed that light is essential but that some reactions (e.g., reduction of

CO2) continue in the dark
• Plants do two big, important things during photosynthesis: gain energy (absorb light)

and build sugar (glucose).
• Photosynthesis can be divided into two series of chemical reactions: the light (light-

dependent) reactions and the dark (light-independent) reactions. In light reactions, light
is absorbed; in dark reactions, sugar is built.

• Occurs when plants, algae, and autotrophic bacteria absorb light energy and build glucose.

13.1 Light Reactions

• Part of the electromagnetic spectrum
• Consists of units of energy called photons
• Photons at UV end of spectrum have more energy than those at the red end
• Occur on the surface of thylakoid disks
• Chlorophyll and other plant pigments differentially absorb photons

• Chlorophyll a: light to chemical energy
• Chlorophyll b: accessory chlorophyll
• Chlorophylls absorb primarily blue and red (green reflected back, hence the green

color of plants)

13.1.1 Accessory pigments

• Chlorophyll is a major light gathering pigment
• Absorbs light with considerable efficiency (i.e., retaining energy)

• Accessory pigments
• Chlorophyll b
• Carotenoinds

• capture light of wavelengths not captured by chlorophylls
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Photosynthesis

• Confer other colors to plant leaves (autumn colors too)

Photosynthetic steps

• Primary photoevent: light photon captured by photosystem and energy transferred to
electron donated by water

• Electron transport: excited electron is shuttled along imbedded series of electron carriers
to proton pump and electron is transferred to acceptor

• Chemiosmosis: transport of protons back into chloroplast drives synthesis of ATP

13.1.2 The Even More Detailed Light Reactions

What the Light Reactions Do:

The light reactions of photosynthesis occur in chloroplasts in and on the thylakoid disks.
During the light reactions, light energy charges up ATP molecules. More specifically, light
turns the chloroplast into an acid battery, and this battery charges up ATP.

How the "Chloroplast-Battery" Charges ATP:

The stroma is the fluid inside of the chloroplasts, and it carries a negative charge. This
means that it contains about a "gazillion" extra electrons. The solvent of stroma is water.

The fluid inside the thylakoid disks is positively charged because it contains a lot of hydrogen
(H+) ions. The pH here is low, making the fluid very acidic. The solvent of thylakoid disk
fluid is water.

A chloroplast acts like a battery, because it has separated a strong positive charge and a
strong negative charge in two different compartments. Energy is released when H+ ions
(free protons) flow from the inside of a thylakoid disk to the stroma. This is electrical energy,
since it is a flow of charged particles.

The protons pass through special channels (made of protein) in the thylakoid membrane;
this reaction is 'exothermic.' The energy that is given off is used to fuel this reaction (Pi is
the phosphate ion):

ADP + Pi --> ATP

The proton can go to the negative stroma, but only if it uses its energy to charge up ATP.
Since one reaction wants to go, and the other one doesn't, and since the first reaction releases
energy and the second one absorbs energy, the two reactions are known to be 'coupled'
together so that the first fuels the second. Of course, a special enzyme must be involved for
this to happen.

Chlorophyll Molecules on a Thylakoid Disk:

Hundreds of chlorophyll molecules cover the surface of a thylakoid disk, making the disk
green. The nonpolar "tails" of the chlorophyll molecule are embedded in the membrane of
the thylakoid.
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“Dark” reactions

13.2 “Dark” reactions

• ATP drives endergonic reactions
• NADPH provides hydrogens for reduction of CO2 to carbohydrate (C-H bonds)
• Occur in the stroma
• First step in carbon fixation

13.2.1 The Detailed Dark Reactions

What the Dark Reactions Do:

The dark reactions build sugar from carbon dioxide gas (CO2), water (H2O), and energy
from ATP molecules that were charged up during the light reactions. The dark reactions
occur in the stroma of a chloroplast. Dark reactions usually occur in the light, but they
don't have to. They'll occur in the dark until the chloroplast's supply of ATP runs out
(usually about 30 seconds).

The Calvin Cycle:

The Calvin Cycle is the fancy name for the metabolic pathway that builds sugar. This
means that it involves a whole lot of chemical reactions, and it uses a lot of different enzymes
to catalyze the reactions.

Carbon dioxide gas is stable, therefore the bonds that hold the carbon and oxygen atoms
are strong. Therefore it takes a lot of energy to break the bonds and separate the carbon
atoms from the oxygen atoms. The energy needed to do this comes from ATP molecules.

When inorganic carbon (like from CO2) is being added to an organic molecule (such as
sugar), this is called carbon fixation.

It takes 2 complete turns of the Calvin Cycle to make a glucose molecule.

Some portions of this text is based on notes very generously donated by Paul Doerder, Ph.D.,
of the Cleveland State University. The detailed portions are not provided by Dr. Doerder.

How cells divide

13.3 Prokaryote cell division

• Binary fission
• Doubling of cell contents, including DNA
• Fission to divide contents

• Segregation of replicated genomes by growth of membrane between attachment points
• Partitioning of cytoplasmic components
• Escherichia coli

• Capable of cell division every 20 minutes under optimal conditions (DNA in continuous
state of replication)

• Model organism of bacterial cell division
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Photosynthesis

13.4 Bacterial DNA replication

• Replication follows rules of base pairing, with each polynucleotide chain serving as
template for synthesis of its complement.

• Genetic evidence showed that the bacterial chromosome is circular long before there was
corroborating physical evidence.

Eukaryotic chromosomes

• Discovered by Walther Fleming in 1882 in dividing cells of salamander larvae, following
improvements in microscopes and staining technology
• He called division mitosis (mitos = “thread”)

• Chromosome number is constant in a species
• Ranges from 2 to >500 (46 in human somatic cells)
• Homologous pairs, one contributed by each parent
• Change in number is cause and consequence of speciation

• Chromosome constancy and their precise division in mitosis and meiosis led biologists to
postulate that they were carriers of hereditary information

13.5 Chromosome number

• 1N = number of chromosomes in gamete
• 1N = haploid chromosome number
• 2N = number of chromosomes in somatic cells (cells that are not egg or sperm)
• 2N = diploid
• Deviations from N or 2N are usually lethal in animals

Chromosome numbers

13.6 Eukaryotic chromosomes

• Consist of chromatin
• DNA and associated proteins, mainly histones
• Nucleosomal organization
• Euchromatin: unwound chromatin, in basic nucleosomal configuration; genes available

for expression
• Heterochromatin: highly condensed except during replication

• Karyotype: array of chromosomes an individual possesses
• Clinical importance (Down syndrome; cancer)
• Evolutionary importance (speciation)
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Chromosome organization

13.7 Chromosome organization

13.8 Human karyotype stained by chromosome painting

13.9 Chromosomes

• Homologous pairs
• Inherited one from each parent
• Identical in length and position of centromere
• Contain identical or similar genes
• Homologous pair = homologs

• Morphology
• After replication, consist of two sister chromatids attached to a centromere

13.10 Human chromosomes

• Diploid number = 2n = 46 = 23 pairs of homologs
• Haploid number = 23 (gametes)
• Each replicated chromosome contains 2 sister chromatids = 92 chromatids

Cell cycle

• Growth and division cycle of cells
• Precisely controlled by biochemical and gene activity, except in cancer
• Phases

• G1: primary growth phase
• S: DNA replication; chromosome replication
• G2: second growth phase; preparation for mitosis
• M: mitosis; nuclear division
• C: cytoplasmic division

13.11 Mitotic cell cycle

• Cells exiting the cell cycle are said to be in G0
• Cell cycle time varies with stages of life cycle and development, with G1 the most variable
• DNA replication occurs during S phase of the cell cycle following G1.

- at this point the chromosomes are composed of two sister
chromotids connected by a common centromere.
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13.12 Replicated human chromosomes

13.13 Mitosis

• Nuclear division
• equational division of replicated chromosomes
• chromatids move to opposite poles

• Continuous process
• prophase
• metaphase
• anaphase
• telophase

• Driven by motors and microtubules
• No change in chromosome number

• N → N by mitosis
• 2N → 2N by mitosis

• May be accompanied by cytokinesis

Kinetochore Microtubules attach to kinetochores. Metaphase

• Momentary alignment of chromosomes in center of cell

Anaphase

13.14 Plant mitosis

• Similar to animal mitosis
• New cell wall formed between cells from membrane partition

Cell cycle control

• Cell cycle events are regulated by protein complexes and checkpoints
• Discovered by microinjection of proteins in to eggs, by mutational analysis and by

techniques of molecular biology

Molecular control of cell cycle: Cdk and cyclin

• Cyclin dependent protein kinase (Cdk)
• Phosphorylate serine/threonine of target regulatory proteins
• Function only when bound to cyclin

• Cyclin: short-lived proteins that bind to cdks

13.15 Controlling the cell cycle

• External signals initiate cell division in multicellular organisms
• Growth factors: extracellular regulatory signals

• Usually soluble; bind to cell surface receptor
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Cancer

• Sometimes membrane bound, requiring cell-cell contact with receptor
• E.g., upon wound, platelets release PDGF which stimulates fibroblasts to enter cell

cycle (exit G0), to heal wound

13.16 Cancer

• Unregulated cell proliferation
• Cancer cells have numerous abnormalities

• >46 chromosomes
• Mutations in proto-oncogenes

• Encode proteins stimulating the cell cycle
• May be regulated by phosphorylation
• Often over expressed in cancer cells

• Mutations in tumor-suppressor genes
• Encode proteins inhibiting the cell cycle

• Often bind to products of proto-oncogenes
• May be regulated by phosphorylation

13.17 Mutations and cancer

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.
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14 Sexual reproduction

14.1 Sexual

• Exclusively eukaryotes
• Fusion of two haploid genomes

• Fertilization (= syngamy)
• Forms new individuals in multicellular organisms as result of fusion of egg and sperm

• Plants
• Animals
• Meiosis yields haploid genomes at some point in life cycle

14.2 Sexual life cycle

Typical animal life cycle

• Meiosis occurs in germ line cells in gonads producing haploid gametes
• All other cells are somatic cells
• Alternation of generations
• Sexual intercourse

14.3 Meiosis

• Gives rise to genetic variation
• Reduction division: 2n to n
• Preceded by one round of DNA (chromosome) replication
• Two rounds of nuclear (& usually cell) division

• Meiosis I
• Synapsis of homologs
• Segregation of homologs
• Reduction division, 2n to n

• Meiosis II
• No chromosome replication
• Segregation of sister chromatids
• Formation of 4 haploid (n) cells
• Two nuclear divisions, usually 2 cell divisions, only one round of replication
• Meiosis I

• Prophase: synapsis and crossing over
• Metaphase
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Sexual reproduction

• Anaphase: chromosome segregation
• Telophase

• Meiosis II (mitosis-like)
• Prophase
• Metaphase
• Anaphase: sister chromosome segregation
• Telophase

14.4 Prophase I: synapsis

• Complete alignment of replicated homologs
• Synapsis occurs throughout the entire length of a pair of homologs
• Key to chromosome segregation
• Synapsis, crossing over
• Subdivided into 5 continuous stages

14.5 Crossing over

• Reciprocal, physical exchange between nonsister chromatids
• Type of recombination; mixes maternal and paternal genes
• Visual evidence: chiasmata

14.6 Microtubules and anaphase I

• During prophase microtubules attach to kinetochores on one side of centromere
• The metaphase checkpoint insures proper attachment
• A phosphorylation event initiates motor activity and anaphase

14.7 Meiosis II

• Cytologically similar to mitosis
• No preceding DNA replication
• Chromatids segregate and move to opposite poles as chromosomes
• 4 haploid cells produced

• In animals, these cells differentiate into gametes
• In plants and many other organisms, these cells divide by mitosis, followed some time

later by gamete formation

14.8 Evolution of sex

• Asexual reproduction: all offspring genetically identical to parent
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Consequences of sex

• Sex: recombination destroys advantageous combinations
• So why sex?

• Many hypotheses
• Effect repair of genetic damage?

• Much pachytene repair as well as gene conversion
• Some protists form diploid cells in response to stress

• Recombination breaks up combinations of genes favoring parasites, thus reducing
parasitism?

14.9 Consequences of sex

• Recombination: generates genetic diversity
• Crossing over
• Independent assortment

• Random fertilization
• Qualities of gamete usually do NOT reflect qualities of genes enclosed in gamete

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.
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15 Genetics
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16 Gregor Mendel and biological
inheritance

Charles Darwin1, for all he contributed to the science of biology, never knew about the
mechanism by which living things inherit traits from previous generations, or how new traits
arise.

As any schoolchild can tell you, this mechanism of interitance has since been found to be
DNA2, or deoxyribonucleic acid. DNA allows for stable inheritance of traits: the code in
each strand of DNA is replicated precisely through the pairing of basic units along each
strand. The error rate in this replication is amazingly low; not even one base pair in a
million matches out of sequence.

However, when even one base pair is added to a new strain of DNA in an order differently
than in the parent chain, it can be the basis of amutation. These changes in DNA sequences
are the microscopic origin of changes in traits of all studied living things. Even the smallest
difference in a strand of DNA can result in a change in traits that can cost the life of the
organism. Mutations can produce proteins with a new or altered function. In humans, the
example of Sickle cell anemia3 is commonly given as its origin is a difference of only one
base pair in a section of DNA that encodes red blood cells.

Individual sequences of DNA that encode for specific proteins are called genes and are the
units of heredity. Each one has a set nucleotide4, and together all of the genes (and some
sequence of DNA that apparently do not code for any biologically important functions)
together make up the entire chromosome5

16.1 Mendel

• Discovered principle of genetic segregation via numerous experiments utilizing pea plants
• Inferred the existence of genes through segregation of phenotypes
• Used quantitative methods: counted; ratios
• Work is model of scientific method
• In particular, observed the F2 progeny, which lead to the discovery of dominant and

recessive traits
• Published work in 1866, went unnoticed
• In 1900 his scientific paper was “rediscovered”

1 http://en.wikibooks.org/wiki/Charles%20Darwin
2 http://en.wikipedia.org/wiki/DNA
3 http://en.wikipedia.org/wiki/Sickle%20cell%20anaemia
4 http://en.wikipedia.org/wiki/nucleotide
5 http://en.wikipedia.org/wiki/chromosome
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Gregor Mendel and biological inheritance

• Mendel is acknowledged as founder of Genetics
• still used alphabet letters to designate genes
• still refer to dominant and recessive genes
• still refer to segregation of alleles in meiosis
• principle of segregation applies to all sexually reproducing organisms; Mendel’s results

were immediately applied to humans in 1900

16.2 Mendel’s experiments

• 1856, began experiments with the garden pea, Pisum sativum
• 1865, presented results to the Bruno natural history society, which he helped found
• 1866, published his results in proceedings of the society
• Naegeli encouraged Mendel to reproduce results in another species, which failed because

the species did not undergo true fertilization
• discrete traits in Pisum sativum

• pure-breeding lines
• dominant/recessive alleles

• alleles are two alternate versions of a gene
• gametes contain hybridized chromosomes that are formed during meiosis
• homozygous has two of the same allele
• heterozygous has two different alleles

• reciprocal F1 crosses (all exhibiting dominant phenotypes); F2; F3
• counted offspring, noted ratios
• inferred genotypes from phenotypes
• tested hypotheses with testcrosses
• attempted to repeat with another species

16.3 Mendel’s seven pairs of traits

1. Seed form (round or wrinkled)
2. Cotyledon color (green or yellow)
3. Seed coat color (white or colored)
4. Pod form (inflated or constricted)
5. Pod color (green or yellow)
6. Flower position (axial or terminal)
7. Plant heights (tall or short)

16.4 Locus

• The location of a specific gene within a chromosome
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Modern Y chromosome

16.5 Modern Y chromosome

Y-chromosome is the most evolved chromosome. Generally it is thought that if Y- chro-
mosome is present in an individual then he will be male. But if mutation occurs at sex
determining region or zinc factor then it will not code for testis determining factor, and
results in normal female. This type of female's frequency is 1/250000.

16.6 Chromosome phenomena

• X-chromosome inactivation
• Barr bodies

• Nondisjunction: failure of chromosome segregation at meiosis or mitosis
• Results in 2N ± 1 chromosome number

• Trisomy 2N + 1
• Usually lethal. Trisomy 21 (Down) exception

• Monosomy 2N ** 1
• Lethal except XO
• Usually maternal origin in humans

16.7 X-chromosome inactivation

In females, one X-chromosone is randomly switched off forming a Barr body.

16.8 Barr body

Dense region in the nucleus formed by the inactive X-chromosome.

16.9 Human genetic disorders

Down's Syndrome(Mongolism)

Down's Syndrome is usually produced by the nondisjunction of chromosome 21 during
oogenesis and sometimes during spermatogenesis. The individual suffering from this type of
syndrome has 47 chromosomes instead of the normal 46. The extra chromosome is not a sex
chromosome but an autosome.

Most cases of mongolism were found to occur in children born by women in their forties.
The affected children, called mongoloids, show mental retardation and have a shorter life
expectancy. Their most prominent feature is the Mongolian folds in their eyes; hence, the
term mongolism.

Klinefelter's Syndrome

67



Gregor Mendel and biological inheritance

When an XY-bearing sperm unites with an X-bearing egg, the resulting condition is called
Klinefelter's Syndrome, or sexually undeveloped male. Individuals having the syndrome
show the following characteristics:

• testes are small
• sperms are never produced
• breasts are enlarged
• body hair is sparse
• individuals are mentally defective

The same abnormal meiotic division may occur in females. They produce eggs with XX or
no sex chromosomes. Such egg, when fertilized by a Y-bearing sperm, will not develop (YO).
This is because YO is lethal--it wil cause death to the offspring.
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17 DNA: The Genetic Material

17.1 DNA

DNA stands for Deoxyribose Nucleic Acid. That is, a nucleic acid with two sugars. DNA is
the hereditary material of cells and is considered the blueprint of life. DNA is found in all
kingdoms of life. Even most viruses have DNA. A molecule of DNA is chemically stable (it
does not have a 2-prime alcohol group.)

When someone says DNA, they may be referring to one's genetic material on multiple levels:
They may be speaking about a single deoxyribose nucleic acid molecule, a section of a double
helix, a section of a chromosome, or one's entire hereditary composition.

• antiparallel
• Double helix

• Semiconservative replication
• Sequence of nucleotides encodes functional RNA or polypeptide

17.2 Historical perspective

• Mitosis and meiosis
• Regular distribution of chromosomes suggested that they contain hereditary informa-

tion
• Bridges/Morgan, using Drosophila melanogaster showed that genes are on chromosomes

(1910s)
• Hammerling: nucleus contains hereditary information (1930s)
• Griffith: transformation of bacteria (1928)
• Avery, MacLeod, McCarty: transforming substance is DNA (1944)
• Hershey, Chase: DNA is hereditary material of viruses (1952)
• Rosalind Franklin
• Watson and Crick: structure of DNA (1953)

17.3 Hershey-Chase Experiment

The Hershey and Chase experiment was one of the leading suggestions that DNA was a
genetic material. Hershey and Chase used phages, or viruses, to implant their own DNA
into a bacterium. They did two experiments marking either the DNA in the phage with
a radioactive phophorus or the protein of the phage with radioactive sulfur. With the
bacteria that was infected by the phages with radioactive DNA the DNA in the bacteria
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was radioactive. In the bacteria that was infected with the radioactive protein the bacteria
was radioactive, not the DNA. This proves that DNA is a genetic material and it is passed
on in viruses.

17.4 DNA/RNA components

• Miescher: discovered DNA, 1869

17.4.1 Structure of DNA

DNA is in a double helix structure made up of nucleotides. The "backbone" of the double
helix is composed of phosphates connected to a five carbon sugar called deoxyribose, . The
"rungs" are composed of nitrogenous bases, Purines and Pyrimidines. Purines contain
Adenine(A) and Guanine(G) and have two rings in their structures. Pyrimidines contain
Cytosine(C) and Thymine (T) and have one ring in their structures.

17.5 Chemical structure of DNA

• Polynucleotide
• Phosphodiester bonds between nucleotides
• 5’-pGpTpCpGpTpApApTp-OH 3’

• Chargaff’s rules, in DNA: equimolar amounts
• A = T
• G = C

17.6 3D structure of DNA

• James Watson1 and Francis Crick2 ( 19533)
• Nucleotide
• Keto and amino forms of bases
• Chargaff’s rules
• X-ray crystallographic data ( Rosalind Franklin4)

17.7 Franklin

• X-ray diffraction of DNA crystals
• revealed regular pattern explained by antiparallel double helix

1 http://en.wikipedia.org/wiki/James_D._Watson
2 http://en.wikipedia.org/wiki/Francis_Crick
3 http://en.wikipedia.org/wiki/1953
4 http://en.wikipedia.org/wiki/Rosalind_Franklin
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DNA replication

DNA model

• Double helix of polynucleotides
• antiparallel
• 3’-5’ phosphodiester bonds

• Base pairs held by hydrogen bonds
• AT
• GC

• There are about 10 base pairs per turn of helix
• model has predictive power

• mode of DNA replication
• encoding of genetic information

17.8 DNA replication

• Conservative model
• One double helix of both old strands
• One double helix of two new strands

• Dispersed
• Each strand mixture of old new

• Semiconservative
• Meselson-Stahl experiment confirmed its viability over the previous two

• grew E. coli bacterium in a culture containing 15N (a heavy isotope of nitrogen)
• bacterium assimilated the 15N into their DNA
• a similar process was then done using 14N, a lighter isotope
• following centrifugation, the densities were observed to be that of combined in the

middle, and 14N on top, thereby confirming the semiconservative model

17.9 DNA replication

• Semiconservative
• New nucleotides added to 3’ –OH
• Replication fork

• Replication complex
• DNA polymerase
• Associated enzymes/proteins

• Energy from phosphate bonds of triphosphate nucleotide substrates (dNTP)

17.10 DNA polymerases

• Prokaryotes, E. coli
• 3 DNA polymerases
• III is main enzyme for DNA replication
• ˜1000 nt/sec
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• Eukaryotes
• 6 DNA polymerases

• Add nucleotide to 3’ –OH end
• All require primer, i.e., free 3’ –OH

17.11 DNA replication complex

• Helicase "unzips" the DNA double helix
• Primase: synthesize RNA primer
• Single-strand binding proteins
• DNA gyrase (topoisomerase)

• DNA polymerase III
• DNA polymerase I (remove primer, fill gaps)

17.12 DNA replication

• 5’ → 3’ replication
• Nucleotide addition at 3’ –OH
• No exceptions

• New strands are oriented in opposite direction due to 5’ → 3’ constraint
• Leading strand: continuous replication
• Lagging strand: discontinuous replication

• contains multiple Okazaki fragments
• Joined by DNA ligase

17.13 DNA replication fork

• primer required by all DNA polymerases

17.14 Replication units

17.15 Replicon

A region of DNA that is replicated from a single origin.

17.16 What is gene?

• Garrod
• “inborn errors of metabolism”
• Alkaptonuria: enzyme deficiency
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What is gene?

• Beadle and Tatum
• One gene one enzyme
• Genetic and biochemical analysis in Neurospora

• Today: gene is sequence of nucleotides encoding functional RNA molecule or the amino
acid sequence of a polypeptide

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.
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18 Gene expression

Flow of genetic information

• DNA → mRNA → polypeptide
• Transcription: DNA → mRNA

• RNA polymerase
• Nucleus in eukaryotes
• Transcription also makes rRNA and tRNA

• Translation: mRNA → polypeptide
• Ribosomes: protein and rRNA
• Genetic code and tRNA

18.1 “Central Dogma”

18.2 The Genetic Code

• Triplet codon
• 64 triplet codons (43)
• Experimentally deciphered in 1961

• Nearly universal
• Implies common ancestor to all living things
• Minor exceptions: certain ciliates, mitochondria, chloroplasts

• Still evolving

18.3 Transcription

• RNA polymerase
• NTP substrates
• Synthesizes single stranded RNA complementary to template strand of DNA
• New nucleotides to 3’ end

• Begins at promoter site
• no primer necessary

• Ends at terminator site
• Much posttranscriptional modification in eukaryotes
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18.4 Transcription bubble

Promoter site

• Prokaryotes
• -10 nt, TATA box
• -35 nt, additional signal

• Eukayotes
• -25, TATAAA box
• Additional signals upstream

• Promoters may be strong or weak
• In eukaryotes, access to promoter depends upon state of chromatin coiling

18.5 Eukaryote mRNA

• Synthesized as pre-mRNA, processed in nucleus
• 5’ end: GTP cap placed in inverted position

• Essential for ribosome recognition
• 3’ end: poly-A tail; non-templated addition of ˜50-250 A nucleotides; stability
• Introns: intervening sequences removed

18.6 Translation

• Requires:
• mRNA
• tRNA
• ribosomes
• translation factors (various proteins)

• In prokaryotes, takes place on growing mRNA
• In eukaryotes, in cytoplasm on free ribosomes and RER
• AUG start codon to stop codon

18.7 Translation in bacteria

tRNA

• Transfer RNA
• Two important parts

• Anticodon
• Hydrogen bonds with mRNA codon

• 3’ end
• Accepts amino acid (using energy of ATP)
• Aminoacyl-tRNA synthetase
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Aminoacyl tRNA synthase

18.8 Aminoacyl tRNA synthase

• Enzyme used to bind amino acid from the cytoplasm to tRNA, which then transfers that
amino acid to the ribosome for polypeptide formation

18.9 Ribosome structure

18.10 Large ribosome subunit

18.11 Translation

• Initiation complex
• Small ribosomal subunit
• mRNA
• fMet-tRNA (prokaryotes only; met-tRNA in eukaryotes)
• Initiation factors

• Elongation
• Ribosome
• mRNA
• tRNAs
• Elongation factors

18.12 Initiation complex

18.13 Elongation, translocation

• incoming tRNA enters the A site
• rRNA catalyzes peptide bond formation. Note that growing peptide is attached to what

was incoming tRNA at P site after translocation.
• empty tRNA leaves via E site; recycled
• A site ready for next charged tRNA

18.14 Introns/exons

• In eukaryotes, coding regions of gene may be interrupted by introns, noncoding regions
of DNA (RNA)

• Introns
• 22- >10,000 nt in length
• 5’ GU . . . 3’ AG removal sequence
• Not essential to genes
• May constitute >90% of gene
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• removed from pre-mRNA to form mRNA
• Exon: often codes for functional domain of protein

• translatable mRNA

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.
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19 Gene regulation

• Not all genes are expressed in a cell
• Gene expression can be turned on and off
• Multiple levels of regulation gene function

• Transcription initiation
• State of chromatin
• Transcription factors

• Post-transcriptional
• mRNA processing
• mRNA half-life
• Translational
• Post-translational

• Protein modification

19.1 Transcriptional control

• State of chromatin
• Euchromatin: transcriptionally active
• Heterochromatin: transcriptionally inactive
• Chemical modification of histones
• Methylation of bases

• Transcription factors
• Bind to DNA at promoter or other regulatory sites (enhancers)

• Recognize base sequence through major and minor grooves
• Recruit RNA polymerase

19.2 DNA grooves

Categories of transcription factors in eukaryotes

• Helix-turn-helix
• Two small "-helices
• Fit into DNA groove

• Homeodomain
• Highly conserved helical domains
• ˜60 amino acids

• Zinc finger motif
• Zn atom bound

• Leucine zipper
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• dimer

19.3 Regulatory proteins

• Activity may depend upon allosteric binding of small molecules
• cAMP
• Co-repressors
• Inhibitors

• Binding to promoter region may “bend” DNA, making it accessible to other regulatory
proteins

19.4 Lac operon of E. coli

• Single promoter region for cluster of genes
• Regulated and transcribed as a single unit
• Operons typical in prokaryotes
• Repressor: turns OFF gene expression

lac repressor

• Turns off transcription by blocking access by RNA polymerase
• repressor in activated by allosteric binding of lactose

Regulation in eukaryotes

• Both proximal (promoter) and distal (enhancer) to gene
• Typically transcription unit encodes a single polypeptide
• Promoter

• TATA box
• Other elements (regulatory sequences) may be present

• Enhancers
• Work upstream, downstream, close, far from gene
• Bend DNA

19.5 Alternative splicing

• Single transcript gives rise to 2 or more mature mRNAs
• encode different polypeptides with shared domains
• tissue and developmentally specific

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.

(This Page was Last Edited December 2005)
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20 Mutation

A mutation is a permanent change to an organism's genetic material (DNA1 or RNA).
Mutations are a rare but significant biological process, since they provide the variation on
which evolution2 acts and are also the source of cancer.

An organism's genetic material is made up of polymers (chains) of four different nucleotides3,
like a recipe book written in a language of only four letters. A mutation event is when the
order of the nucleotides in DNA change, usually when the DNA is being copied.

Mutations come in a number of forms:

20.1 Point Mutations

Point mutations are all mutations which involve a single nucleotide. These come in the form
of substitutions, insertions and deletions:

20.2 Substitution

Substitution Mutations: In substitution mutations, a nitrogenous base of a triplet codon of
DNA is replaced by another nitrogen base or some derivative of the nitrogen base, changing
the codon. The altered codon codes for a different amino acid substitution.The substitution
mutations are of two types:

1.Transitions: It is the replacement of one purine in a polynucleotide chain by another
purine(A by G or C by A) or one pyrimidine by another pyrimidine(T by C or C by T)

2.Transversions:A base pair substitution involving the substitution of a purine by pyrimidine
or pyrimidine by a purine is called transversion.

1 http://en.wikipedia.org/wiki/DNA
2 http://en.wikibooks.org/wiki/General%20Biology%2FEvolution
3 http://en.wikipedia.org/wiki/nucleotide
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Mutation

20.2.1 Insertion

20.2.2 Deletion

20.3 Larger mutations

Larger mutations which involve more than one nucleotide also include insertions and deletions,
but can also include inversions, rearrangement of nucleotides and duplication of entire genes:

20.3.1 Inversion

20.3.2 Rearrangement

20.3.3 Gene/Exon Duplications

Transposition

Retrotransposition

20.4 Chromosomal mutations

Chromosomal mutations involve changes to entire chromosomes. These mutations are
particularly rare:

20.4.1 Translocation

20.4.2 Fusion

20.4.3 Fission

20.4.4 Segmental Duplication

20.4.5 Chromosomal Duplication

20.4.6 Genome Duplication

20.5 Causes of mutations

20.6 Effects of mutations

Mutations can have a variety of different effects depending on the type of mutation, the
significance of the piece of genetic material affected and whether the cells affected are germ-
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line cells. Only mutations in germ-line cells can be passed on to children, while mutations
elsewhere can cause cell-death or cancer.

Mutations can be classified by their effects:

20.6.1 Silent Mutation

Silent Mutations are DNA mutations that do not result in a change to the amino acid
sequence or a protein. They may occur in a non-coding region (outside of a gene or within
an intron), or they may occur within an exon in a manner that does not alter the final
amino acid chain.

20.6.2 Frameshift

20.6.3 Missense Mutation

Missense mutations are types of point mutations where a single nucleotide is changed to
cause substitution of a different amino acid. This in turn can render the resulting protein
nonfunctional. Such mutations are responsible for diseases such as Epidermolysis bullosa.

20.6.4 Nonsense Mutation

20.7 Further reading

20.7.1 Books

• Jones, S. 1993. The Language of the Genes. Harper Collins ISBN 0006552439.

20.7.2 Websites

• Wikipedia: Mutation4

• http://www.evowiki.org/Mutation

20.8 Original notes

• “Rare” change in nucleotide sequence
• Somatic vs germline

• only those in germline are heritable
• Point mutation

• Single nucleotide change
• Change in gene position

4 http://en.wikipedia.org/wiki/Mutation
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Mutation

• Transposition
• Chromosomal rearrangement
• Mutagenic agents
• Raw material for evolutionary change

20.9 Point mutation

• Ionizing radiation
• UV light induces thymine dimers

• Reparable
• Error during DNA synthesis
• Movement of transposons

• McClintock
• Chemical mutagens
• May alter

• Properties of promoter, enhancer
• Amino acid sequence of polypeptide

20.10 Acquisition of genetic variability

• Mutation
• Sex (fusion of genomes)
• Recombination

• Crossing over
• Reciprocal (may result in gene conversion)
• Unequal (gives rise to gene families)

• Independent segregation
• Transposition by transposons
• Conjugation in bacteria

• One way transfer from donor to recipient

20.11 Eukaryote genome

• Thousands of transposons
• Millions of transposon derived elements

• LINES, SINES
• Above may constitute largest portion of genome
• Pseudogenes
• Tandem clusters (rRNA genes; nucleolus)
• Multigene families
• Single-copy genes (one copy per 1n)
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Barbara McClintock

20.12 Barbara McClintock

• Discovered transposons in perhaps greatest and ultimately most important intellectual
endeavors in genetics
• Maize
• Worked alone

• Transposons: likely responsible for considerable evolution in eukaryotic genomes
• Likely origin of viruses

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.
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21 Recombinant DNA technology

• Revolutionized modern biology
• Ability to manipulate genes in vitro

• Hybrid genes, including combining genes of different species
• Detailed study of gene function

• Determine nucleotide sequences of genes and their regulators (deduce amino acid
sequences of proteins)

• Genome projects: complete nucleotide sequence of >40 genomes, including human
• Made possible by convergence of:

• discovery of restriction enzymes
• genetics of bacteria and their plasmids

21.1 Recombinant DNA technology

• Uses
• Detailed study of gene function

• Homeostasis, response to stress
• Development (birth defects)

• Evolution of genes informs on evolution of life
• Human betterment

• Medicine
• Identification, treatment of genetic disorders
• Molecular medicine: from deduced amino acid sequences, design better drugs

• Foods
• Improve crop yield, resistance to disease
• Improve nutritional value

• Forensics
• DNA fingerprinting: guilt or innocence

21.2 Restriction endonucleases

Originally found in bacteria to prevent invasion of viral DNA, cuts double stranded DNA
that is unmethylated, will not cut newly synthesized DNA since hemi-methylated, a product
of semi-conservative replication of DNA

• sever phosphodiester bonds of both polynucleotide strands in order to combine foreign
DNA
• create restriction fragments (restriction digestion)
• 5’ phosphate and 3’ –OH at ends
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Recombinant DNA technology

• usually nucleotide specific target sequence
• 4-6 bp most common, the more bases, then the more specific for recombination
• cuts in or near sequence
• ends

• sticky=overhanging ends, 5’ or 3’
• blunt ends - straight cut, will anneal with any other blunt end in the presence of high

ligase
• Hundreds of know restriction endonucleases, usually named after the bacteria that it was

found in
• e.g. EcoR1, Alu1, BAM, HIND3

21.3 Restriction endonucleases

Gene cloning

• Cloning:
• Restriction digestion of DNA
• insertion of restriction fragment into cloning vector

• Bacterial plasmid
• Bacterial virus
• Yeast artificial chromosomes
• Transformation of bacteria with recombinant plasmid, virus
• Screening for clone of interest by using reporter genes or resistance upon exposure to

anti-biotic

21.4 Uses of cloned gene

• Determine nucleotide sequence and deduce amino acid sequence from genetic code
• Submit to GenBank (available on WWW)

• Manipulate gene to study function
• In vitro
• In vivo

• Transgenic (recombinant) organisms
• Knockout organisms
• Medical and commercial uses

21.5 Other molecular procedures

• Polymerase chain reaction (Mullis)
• Amplifies target DNA without cloning
• Target amount can be single molecule
• Amplified DNA can be sequenced, cloned, etc.

• Southern blotting
• Used to identify restriction fragments carrying particular gene
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RFLP(restriction fragment length polymorphism) analysis

• Also used for DNA fingerprinting and RFLP analysis
• cDNA construction

• Reverse transcription from mRNA template

21.6 RFLP(restriction fragment length polymorphism)
analysis

• Basis of DNA fingerprinting using SNP - single nucleotide polymorphisms and repeats of
DNA sequence

• Many uses
• Criminal cases using multiple probes
• Parentage
• Species identification
• Gene evolution
• Species evolution

21.7 Sanger DNA sequencing

• Uses dideoxynucleotides (ddNTP), a template strand, DNA polymerase 1 (Also known
as Kornberg enzymes) and dNTPs
• Missing 3’-OH for nulceopjilic attack for elongation
• DNA synthesis stops after one is incorporated into DNA fragment
• ratio of ddNTP to dNTP determines likelihood of termination

• Manual method with 32P-labeled ddATP and 4 test tubes - ddATP, ddCTP, ddGTP,
ddTTP

• Automated method using ddNTPs labeled with fluorescent dyes in capillary tube
• Often done commercially

21.8 Automated sequencing

Typical machine

• • 2 hour sequencing run
• 600-1000 bases per sample
• multiple samples

• Up to 500,000 bases per day (12 hr)
• Data processed by computer
• In big labs, sequencing reactions also are automated

21.9 Genome projects

• Determine entire nucleotide sequence of genome
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Recombinant DNA technology

• >40 genomes sequenced
• Helicobacter pylori
• Escherichia coli
• Saccharomyces cerevisiae
• Caenorhabditis elegans
• Drosophila melanogaster
• Homo sapiens (first rough draft)

• Computer identifies all genes, based on properties of genes (e.g., start/stop codons,
introns, etc.).

21.10 Biochips

• Microarray of DNA fragments, size of postage stamp; can be expensive, but has decreased
in cost

Microarray chips contain wells of DNA that code for specific genes that uses the concept of
hybridization with the gene of interest to see if a gene is expressed or is present.

• Designed to detect:
• mutated genes (SNPs)
• expressed genes

• Instant DNA profile (“GATTACA”)

21.11 DNA chip controversies

• Medicine
• Risks and informed consent for gene replacement therapy
• Alteration of human gene pool
• Parental choice
• Privacy

• Genetically modified foods
• Safety
• Labeling

• Forensics
• Mandatory tests
• Reliability standards

21.12 Gene patenting

• Techniques to study and manipulate genes are patented (e.g., cloning and PCR)
• Should genes be patented?

• Are they the intellectual property of the discoverer?
• Don’t they belong to all of us?
• Should indigenous peoples be compensated for useful genes extracted from their local

plants and fungi?
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Stem cells

21.13 Stem cells

• Totipotent cells from early embryo
• grow into any tissue or cell type

• Recombinant genes can be introduced
• Considerable use in analyzing gene expression in mice
• Possible therapeutic use in humans
• Very controversial

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.
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22 Classification of Living Things

22.0.1 Classification of Living Things & Naming

With so many flora and fauna on planet Earth, there must be a method to classify each
organism to distinguish it from others so it can be correctly identified. Classification does
not only apply to biology. For example, supermarkets and grocery stores organise their
products by classifying them. Beverages may occupy one aisle, while cleaning supplies may
occupy another. In science, the practice of classifying organisms is called taxonomy (Taxis
means arrangement and nomos means law). The modern taxonomic system was developed
by the Swedish botanist Carolus (Carl) Linneaeus (1707-1788). He used simple physical
characteristics of organisms to identify and differentiate between different species.

Linneaeus developed a hierarchy of groups for taxonomy. To distinguish different levels of
similarity, each classifying group, called taxon (pl. taxa) is subdivided into other groups.
To remember the order, it is helpful to use a mnemonic device. The taxa in hierarchical
order:

• Domain - Archea, Eubacteria, Eukaryote
• Kingdom - Plants, Animals, Fungi, Protists, Eubacteria (Monera), Archaebacteria
• Phylum
• Class
• Order
• Family
• Genus
• Species

The domain is the broadest category, while species is the most specific category available.
The taxon Domain was only introduced in 1990 by Carl Woese, as scientists reorganise
things based on new discoveries and information. For example, the European Hare would
be classified as follows:

Eukaryote --> Animal --> Chordata --> Mammalia --> Lagomorpha --> Leporidae -->
Lepus --> Lepus europaeus.

Binomial nomenclature is used to name an organism, where the first word beginning
with a capital is the genus of the organism and the second word beginning with lower-case
letter is the species of the organism. The name must be in italics and in Latin, which was
the major language of arts and sciences in the 18th century. The scientific name can be also
abbreviated, where the genus is shortened to only its first letter followed by a period. In our
example, Lepus europaeus would become L. europaeus'.

Taxonomy and binomial nomenclature are both specific methods of classifying an organism.
They help to eliminate problems, such as mistaken identity and false assumptions, caused
by common names. An example of the former is the fact that a North American robin is

93



Classification of Living Things

quite different from the English robin. An example of the latter is the comparison between
crayfish and catfish, where one might believe that they both are fish when in fact, they are
quite different.

Nomenclature is concerned with the assignment of names to taxonomic groups in agreement
with published rules.

22.0.2 Eukaryotes & Prokaryotes

Recall that there are two basic types of cells: eukaryotes and prokaryotes.

Eukaryotes are more complex in structure, with nuclei and membrane-bound organelles.
Some characteristics of eukaryotes are:

• Large (100 - 1000 μm)
• DNA in nucleus, bounded by membrane
• Genome consists of several chromosomes.
• Sexual reproduction common, by mitosis and meiosis
• Mitochondria and other organelles present
• Most forms are multicellular
• Aerobic

Prokaryotes refer to the smallest and simplest type of cells, without a true nucleus and no
membrane-bound organelles. Bacteria fall under this category. Some characteristics:

• Small (1-10 μm)
• DNA circular, unbounded
• Genome consists of single chromosome.
• Asexual reproduction common, not by mitosis or meiosis.
• No general organelles
• Most forms are singular
• Anaerobic

22.0.3 The Three Domains

The three domains are organised based on the difference between eukaryotes and prokaryotes.
Today's living prokaryotes are extremely diverse and different from eukaryotes. This fact has
been proven by molecular biological studies (e.g. of RNA structure) with modern technology.
The three domains are as follows:

Archea (Archeabacteria) consists of archeabacteria, bacteria which live in extreme
environments. The kingdom Archaea belongs to this domain.

Eubacteria consists of more typical bacteria found in everyday life. The kingdom Eubacteria
belongs to this domain.

Eukaryote encompasses most of the world's visible living things. The kingdoms Protista,
Fungi, Plantae, and Animalia fall under this category.
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22.0.4 The Six Kingdoms

Under the three domains are six kingdoms in taxonomy. The first two, Plants and Animals,
are commonly understood and will not be expounded here.

Protista, the third kingdom, was introduced by the German biologist Ernst Haeckel in
1866 to classify micro-organisms which are neither animals nor plants. Since protists are
quite irregular, this kingdom is the least understood and the genetic similarities between
organisms in this kingdom are largely unknown. For example, some protists can exhibit
properties of both animals and plants.

Fungi are organisms which obtain food by absorbing materials in their bodies. Mushrooms
and moulds belong in this kingdom. Originally, they were part of the plant kingdom but
were recategorised when they were discovered not to photosynthesise.

Eubacteria are bacteria, made up of small cells, which differ in appearance from the
organisms in the above kingdoms. They lack a nucleus and cell organelles. They have cell
walls made of peptidoglycan.

Archae (or Archaebacteria) are bacteria which live in extreme environments, such as
salt lakes or hot, acidic springs. These bacteria are in their own category as detailed studies
have shown that they have unique properties and features (ex. unusual lipids that are not
found in any other organism)which differ them from other bacteria and which allow them to
live where they live. Their cell walls lack peptidoglycan.

22.0.5 Origins of Diversity

The diversity in our planet is attributed to diversity within a species. As the world changed
in climate and in geography as time passed, the characteristics of species diverged so much
that new species were formed. This process, by which new species evolve, was first described
by British naturalist Charles Darwin as natural selection.

For an organism to change, genetic mutations must occur. At times, genetic mutations are
accidental, as in the case of prokaryotes when they undergo asexual reproduction. For most
eukaryotes, genetic mutations occur through sexual reproduction, where meiosis produces
haploid gametes from the original parent cells. The fusion of these haploid gametes into
a diploid zygote results in genetic variation in each generation. Over time, with enough
arrangement of genes and traits, new species are produced. Sexual reproduction creates an
immense potential of genetic variety.

One goal of taxonomy is to determine the evolutionary history of organisms. This can be
achieved by comparing species living today with species in the past. The comparison in
anatomy and structure is based on data from development, physical anatomy, biochemistry,
DNA, behaviour, and ecological preferences. The following are examples of how such data is
used:

• Anatomy:

Although a horse and a human may look different, there is evidence that their arm structures
are quite similar. Their arms' sizes and proportions may be different, but the anatomical
structures are quite similar. Such evidence reveals that animals in different taxa may not
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be that different. Biological features from a common evolutionary origin are known as
homologous.

• Development

• Biochemistry:

Biochemical analysis of animals similar in appearance have yielded surprising results. For
example, although guinea pigs were once considered to be rodents, like mice, biochemistry
led them to be in their taxon of their own.

22.0.6 Phylogeny, Cladistics & Cladogram

Modern taxonomy is based on many hypotheses' of the evolutionary history of organisms,
known as phylogeny. As with the Scientific Method, scientists develop a hypothesis on the
history of an animal and utilise modern science and technology to prove the phylogeny.

Cladistics is a classification system which is based on phylogeny. Expanding on phylogeny,
cladistics is based on the assumption that each group of related species has one common
ancestor and would therefore retain some ancestral characteristics. Moreover, as these
related species evolve and diverge from their common ancestor, they would develop unique
characteristics. Such characteristics are known as derived characteristics

The principles of phylogeny and cladistics can be expressed visually as a cladogram,
a branching diagram which acts as a family (phylogenetic) tree for similar species. A
cladogram can also be used to test alternative hypotheses for an animal's phylogeny. In
order to determine the most likely cladogram, the derived characteristics of similar species
are matched and analysed.

22.0.7 Classification of Living Things Practice Questions

1. If taxonomists had to select an existing kingdom to reclassify, which of the six would
most likely be chosen? Why?

2. Complete the following without consulting external sources:

a) The species caudatum is in the family Paramecidae. What would be the binomial name
of this organism?

b) Give the abbreviation of the binomial name.

3.

a) Irish moss belongs to the genus Chondrus. The name for this species is crispus. Give the
binomial name.

b) Give the abbreviation of the binomial name.

4. Humans and chimpanzees are alike. Which of the following data would most accurately
prove this correct?

a) biochemistry
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b) DNA

c) appearance

d) development

e) A, B, C

5. Which of the following is out of order?

a) Kingdom --> Phyllum --> Class

b) Class --> Family --> Order

c) Family --> Order --> Genus

d) Genus --> Species

e) A, C

f) A, B, D

g) B, C

6. A taxonomist discovers Organism A and Organism B and wishes to classify them. Which
of the following choices is the most informative?

a) Both organisms are brown.

b) Both organisms have a tail.

c) Both organisms have ears.

d) Both organisms are nocturnal.

7. DNA analysis is usually done using DNA found in a cell's mitochondria, and not in a
cell's nucleus. From your knowledge of mitosis, explain why this is so.

1. Arachbacteria 3.a) Chondrus crispus b) C. cripus 4. B 5. G 6. B

22.1 Introduction

Viruses are the smallest biological particle (the tiniest are only 20 nm in diameter). However,
they are not biological organisms so they are not classified in any kingdom of living things.
They do not have any organelles and cannot respire or perform metabolic functions. Viruses
are merely strands of DNA or RNA surrounded by a protective protein coat called a capsid.
Viruses only come to life when they have invaded a cell. Outside of a host cell, viruses are
completely inert.

Since first being identified in 1935, viruses have been classified into more than 160 major
groups. Viruses are classified based on their shape, replication properties, and the diseases
that they cause. Furthermore, the shape of a virus is determined by the type and arrangement
of proteins in its capsid. Viruses pathogenic to humans are currently classified into 21 groups.

Viruses can also attack bacteria and infect bacterial cells. Such viruses are called bacterio-
phages.
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22.2 Viral Replication

As previously stated, viruses are not a biological life form so they cannot reproduce by
themselves. They need to take over a functioning eukaryotic or prokaryotic cell to replicate
its DNA or RNA and to make protein coat for new virus particles.

In order to enter a cell, a virus must attach to a specific receptor site on the plasma membrane
of the host cell. The proteins on the surface of the virus act as keys which fit exactly into a
matching glycoprotein on the host cell membrane. In some viruses, the attachment protein
is not on the surface of the virus but is in the capsid or in the envelope.

There are two forms of viral replication: the lytic cycle and the lysogenic cycle.

22.2.1 Lytic Cycle

1. Attachment: The virus binds to specific receptors on the host cell.
2. Entry: There are two ways in which a virus can enter cells. Firstly, the virus can inject

its nucleic acid into the host cell. Secondly, if a virus is contained in an envelope, the
host cell can phagocytosise the entire virus particle into a vacuole. When the virus
breaks out of the vacuole, it then releases its nucleic acid into the cell.

3. Replication: The virus's nucleic acid instructs the host cell to replicate the virus's
DNA or RNA.

4. Assembly: New virus particles are assembled.
5. Lysis and Release: The virus directs the production of an enzyme which damages

the host cell wall, causing the host cell to swell and burst. The newly formed virus
particles are now released.

22.2.2 Lysogenic Cycle

1. Attachment: Similar to Lytic Cycle
2. Entry: Similar to Lytic Cycle
3. Incorporation: The viral nucleic acids is not replicated, but instead integrated by

genetic combination (crossing over) into the host cell's chromosome. When integrated
in a host cell this way, the viral nucleic acid as part of the host cell's chromosome is
known as a prophage.

4. Host Cell Reproduction: The host cell reproduces normally. Subsequent cell divisions,
daughter cells, contain original father cell's chromosome embedded with a prophage.

5. Cycle Induction: Certain factors now determine whether the daughter cell undergoes
the lytic or lysogenic cycle. At any time, a cell undergoing the lysogenic cycle can
switch to the lytic cycle.

The reproduction cycle of viruses with RNA and no DNA is slightly different. A notable
example of a RNA-based virus is HIV, a retrovirus.
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Retrovirus reproductive cycle

1. The retrovirus force RNA into cell, by either one of the two methods of entry (See
above).

2. In the retrovirus are reverse transcriptase enzymes, which catalyses the synthesis of a
DNA strand complementary to the viral RNA.

3. Reverse transcriptase catalyses a second DNA strand complementary to the first. With
these two strands, the double-stranded DNA can be created.

4. DNA is then incorporated into the host cell's chromosomes. Similar to the concept of
a prophage, this incorporated DNA is called a provirus. However, the provirus never
leaves the host cell, unlike a prophage.

5. The infected host cell undergoes the lytic or lysogenic cycle.

22.3 Viral Genome

The genome of a virus consists of DNA or RNA, whose size and configuration vary. The
entire genome can exist as a single nucleic acid molecule or several nucleic acid segments.
Also, the DNA or RNA may be single-stranded or double-stranded, and either linear or
circular.

Not all viruses can reproduce in a host cell by themselves. Since viruses are so small, the
size of their genome is limiting. For example, some viruses have coded instructions for only
making a few different proteins for the viruses' capsid. On the other hand, the human
genome codes for over 30,000 different proteins. Therefore, the lack of coded instructions
cause some viruses to need the presence of other viruses to help them reproduce themselves.
Such viruses are called replication defective.

Lastly, it is worthy to note that 70% of all viruses are RNA viruses. As the process of RNA
replication (with enzymes and other organelles of the host cell) is more prone to errors, RNA
viruses have much higher mutation rates than do DNA viruses.

22.4 Viruses Practice Questions

1. As the name implies, the Tomato Spotted Wilt Virus targets tomatoes. Would it be
possible for this virus to target other fruits as well? Explain.

2. If a DNA and a RNA virus both infected somatic cells, which virus would be more
difficult to detect?

3. Many people have had cold sores, which are caused by infection with the herpes
simplex virus. One characteristic of cold sores is that after a period of inactivity, they
will reappear many times during the course of a person's life. Which cycle would the
herpes simplex virus undergo?

4. Chicken pox is a common, non-fatal disease usually acquired in adolescence and caused
by the varicella zoster virus. In adulthood, many people suffer from shingles, an altered
form of the varicella zoster virus. Which cycle would the varicella zoster virus have
undergone?

5. Would an antibiotic work for a person suffering from a cold of flu? Explain.
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Answers to Viruses Practice Questions1

For Eubacteria, please visit General Biology/Classification of Living Things/Eubacteria2.

22.5 Archaea

• Proposed as separate group from (eu)bacteria by Carl Woese
• based on structure and metabolic pathways
• inhabit extreme environments
• unique branched lipids in membrane

• Share traits with both eukaryotes and eubacteria, e.g., RNA polymerase, introns
• Biochemically diverse
• Economically important

• Taq polymerase used in PCR

22.5.1 Types

• Methanogens
• Halophiles
• Thermophiles

Underground bacteria

• Metabolism
• built around inorganic energy sources

• e.g., basalt reacts with H2O to release hydrogen which is catalytically combined with
CO2 to form carbohydrate (akin to photosynthesis)

• may result in deposit of minerals
• Unresolved problems

• Did bacteria move downward from surface or did they first evolve there, protected
from harsh surface conditions?

• Could bacteria be ejected into space in rocks?

22.6 Prokaryote evolution

• Tentative, subject to change
• Derived largely from molecular systematics (rRNA sequences)
• Note: most bacteria can’t be cultured, thus hard to study! (Studied by PCR of water/soil

samples)

1 http://en.wikibooks.org/wiki/%2FAnswers

2 http://en.wikibooks.org/wiki/General%20Biology%2FClassification%20of%20Living%
20Things%2FEubacteria
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22.7 Domains of life: characteristics

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.

22.8 Introduction

Out of the six kingdoms, Protista is the most diverse. This is the kingdom of organisms
with strange, atypical characteristics. In essence, this kingdom is designated for organisms
which do not belong in any other kingdom. The majority of protists are microscopic.

22.9 Classification of Protists

There are three phyla of protists, based on their type of nutrition.

1. Protozoa (animal-like protists) are heterotrophs that ingest or absorb their food.

2. Algae (plant-like protists) are autotrophs they get nutrition from photosythesis.

3. Slime moulds and water moulds (fungus-like protists) are also heterotrophs, like
protozoa.

22.10 Protozoa

As heterotrophs, protozoa scavenge materials from their surroundings. Others are predators
which actively hunt or ambush small organisms such as bacteria and other protozoa for a
source of nutrition. Protozoa can be parasitic as well; they may live inside larger organisms,
like humans. Most protozoa live as single cells, although a few form colonies.

Protozoa are generally difficult to identify due to their varied shape. They may appear as
jelly-like blobs, spherical sunbursts, or a flattened leaf. Tiny blood parasites may be only 2
μm long. On the other hand, shell-covered marine may be 5 cm or more in diameter.

Furthermore, different protozoans have their own complex life cycles. The complexity has
led certain organisms to be mistakenly classified for other species.

Nevertheless, protozoa can move, and so, they are classified based on their methods of
locomotion.

Characteristics of Protozoa :

• About 30,000 species known

• About 10,000 species are pathogenic, including some of the worst human diseases

• heterotrophic

• highly variable in form and life cycle
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• mostly unicellular

• range in size from 0.005 mm to 50 mm

• lack cell walls

they love environment and each other..............

22.11 Algae

Algae are much simpler than protozoa. They are aquatic and contain chlorophyll. Algae can
exist as a single cell or as giant seaweeds 60 m in length. Formerly, algae were classified as
plants but this was incorrect as algae lack parts of true plants: leaves, stems, roots, xylem,
and phloem. Since algae belong in the kingdom Protista, algae is a broad term used to
denote all aquatic eukaryotes which photosynthesise; algae can differ in size and shape as
well.

There are six phyla of algae:chlorophytes (green algae), phaeophytes (brown algae),
rhodophytes (red algae), chrysophytes (diatoms), pyrrophytes (dinoflagellates),
and euglenophytes (euglenoids).

22.11.1 Chlorophytes

Chlorophytes resemble plants the most. Like plants, their cell walls contain cellulose and
they store food in reserve as starch. Chlorophytes can be unicellular or multicellular. Most
chlorophytes use flagellae for some locomotion.

22.11.2 Phaeophytes

Phaeophytes are nearly all multicellular marine organisms, which are known to us as seaweeds.
They have cell walls composed of cellulose and alginic acid (a substance similar to pectin).
The cellulose and alignic acid help to retain water and prevent seawood from drying out
when exposed to air at low tide.

Since phaeophytes live in a tidal environment, they have large, flat fronds (a large leaf)
which can withstand pounding by waves. Their bases strongly anchor the algae to the rocky
seabed and prevent them from being washed out to sea. Phaeophytes are usually found in
areas of cold water.

22.11.3 Rhodophytes

Rhodophytes are typically found in warmer seawater, and are more delicate and smaller
than brown algae (phaeophytes). Rhodophytes are also able to grow at deeper depths in
the ocean, since red algae absorb green, violet, and blue light, the wavelengths of which
penetrate the deepest below the water surface. They also have mucilaginous material to
resist drying.
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22.11.4 Chryosophytes

Chryosophytes are the most abundant unicellular algae in the oceans. They are also one
of the biggest components of plankton, a free-floating collection of microorganisms, eggs,
and larvae. As photosynthetic organisms, they produce a significant amount of atmospheric
oxygen.

The reproduction cycle of chryosophytes is particularly interesting. Note that diatoms
reproduce both asexually and sexually. Since diatoms have a rigid cell wall with an outer
layer of silica (found in sand and glass), the daughter cells produced by mitosis must fit
inside the original cell wall. Therefore, each generation of diatoms is smaller than the one
before. The reduction in size continues until the diatoms produce sexually, producing a
zygote which eventually grows to the original size as it matures.

22.11.5 Pyrrophytes

Pyrrophytes are unicellular, photosynthetic, and mostly aquatic. They have protective coats
composed of stiff cellulose. They are more easily identifiable, due to the presence of two
flagellae. The longer flagellae propels the dinoflagellate, while the second shorter, flatter
flagellae functions as a rudder.

Some species of pyrrophytes are zooxanthellae. Since they lack cellulose plates, they make
their home in coral reefs and animals, such as sea anemones, and molluscs. In returning
the favour of sheltering them, dinoflagellates provide carbohydrates to their host through
photosynthesis. This is why there are nutrient-rich coral reefs in malnutritions water.

A negative aspect of pyrrophytes is that under certain conditions, species of dinoflagellates
reproduce rapidly to form a harmful algal bloom (HAB), known as a red tide if dinoflag-
ellates are the cause. Such pyrrophytes can produce toxins which may injure or kill wildlife,
and additionally any consumers of contaminated wildlife.

22.11.6 Euglenophytes

Like pyrrophytes, euglenophytes are small unicellular freshwater organisms with two flagella.
They are mainly autotrophic or heterotrophic, depending if they have a red, light-sensitive
structure called an eyespot.

22.12 Slime molds & Water molds

There are two phyla of slime moulds and one phylum of water moulds.

22.12.1 Oomycotes (Water moulds)

Oomycotes are filamentous organisms which resemble fungi, in that they live as saprotrophs.
Oomycotes differ from other moulds with the presence of spores and their sexual life cycle.
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22.12.2 Myxomycotes (Plasmodial slime moulds)

Myxomycoties are visible to the naked eye as tiny slug-like organisms which creep over decayed
and dead matter. This streaming blob containing many nuclei is called a plasmodium.

22.12.3 Acrasiomycotes (Cellular slime moulds) and its reproductive
cycle

Acrasiomycotes exist as individual amoeboid cells with one nucleus each. When in un-
favourable conditions, each acrasiomycete cell gathers together to form a pseudoplasmod-
ium.

Reproductive Cycle:

1. One acrasiomycete cell joins with others to form a pseudoplasmodium.

2. The pseudoplasmodium shrinks and forms a smaller plasmodium.

3. The plasmodium migrates to a suitable environment.

4. The plasmodium develops a sporangia, where original parental nuclei has divided by
meiosis into haploid spores to be germinated.

5. When favourable conditions arise, the spores germinate and are carried away by animals
or the wind.

6. Cycle repeats.

22.13 Protists Practice Questions

1. Which of the following adjectives describe the major food source of protozoa?

a) chemoautotrophic

b) photoheterotrophic

c) chemoheterotrophic

d) heterotrophic

e) A, C, D

f) C, D

2. The protozoan Giardia lamblia can inhabit a human body's intestinal tract and cause
gastroenteritis.

a) Give the abbreviated binomial name of this protozoan.

b) Would the relationship between this protozoan and human being be mutualistic, com-
mensalistic, or parasitic?
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3. Found in many products, such as Petri dishes, agar is made from mucilagnious material
in seaweed. Of the six phyla of algae, which phyllum/phyla would agar be made from?

4. Which of the following adjectives describe the major food source of Euglenophytes without
an eyespot?

a) photoautotrophic

b) photoheterotrophic

c) chemoautotrophic

d) chemoheterotrophic

e) B or C

f) C or D

5. Can coral reefs exist in nutrient-poor areas? Explain.
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23 Multicellular Photosynthetic
Autotrophs

23.1 Plants

• Multicellular
• Cellulose cell walls
• Chlorophylls a and b
• Develop from embryophyte
• Alternation of generations
• Major food source for terrestrial life
• Atmospheric O2 and CO2 balance
• Coal deposits
• Intimate association with mycorrhizal fungi
• >250,000 species (˜500,000?)
• Taxonomy

• State of flux
• DNA sequencing
• Developmental studies

• Division (old literature) = phylum (new literature)
• ˜12 phyla, 9 of which are vascular plants

23.2 Plant phyla

Phyla are 12 groupings

23.3 Plant evolution

• Evolved from green algae, likely related to charophytes
• Evidence

• DNA sequences
• homologous chloroplasts: chlorophyll b and beta-carotene; thylakoids in grana;
• Cellulose in both groups; also peroxisomes
• Mitosis and cytokinesis similar
• Sperm ultrastructure
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23.3.1 Terrestrial adaptations

• Stomata: pores in leaves for exchange of gases; prevent desiccation
• Secondary metabolites:

• cuticle: waxy coating to prevent H2O loss
• lignin: hardens wood
• sporopollenin: resistant polymer; coats pollen
• predator defenses

• Embryonic development
• gametangia in early plants
• spores; seeds

• Mycorrhizae
• Water/food conducting systems

23.4 Plant phylogeny

23.5 Plant life cycles

• Alternation of generations
• Sporophyte

• diploid
• produces spores in sporangia

• Gametophyte
• develops from spore
• haploid
• produces gametes in gametangia

• Haplodiplontic life cycle

23.6 Moss life cycle

23.7 Vascular plants

• Most have roots
• Aerial shoot systems
• Vascular tissue

• xylem: water, mineral transport
• phloem: food transport

• Lignin
• Branched sporophyte is dominant stage

• amplified production of spores
• evolution of complex plant bodies

• Dominated Carboniferous (360 my)
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23.8 Vascular plant life cycles

• Homosporous (single type of spore)
• Heterosporous (two types of spore)

23.9 Pterophyta (ferns)

• Non-seed plant
• Sporophyte conspicuous (vascular tissue)
• Rhizome: ground stem, roots
• Fronds: leaves
• Sori: clusters of sporangia
• Motile sperm require external water for fertilization
• Originated in Devonian, 350 my

Tree fern Fern life cycle

23.10 Non-seed plants, continued

• Lycophyta: club mosses
• E.g., Lycopodium (“ground pine”)
• Many species became extinct 270 my, once dominant (coal formations)
• Gametophyte non-photosynthetic, nourished by fungi

• Arthrophyta: horsetails
• Equisitum
• Some fossil forms (300 my) were tree-size (coal)
• Photosynthetic stems, no leaves
• Silica deposits in epidermal cells

23.11 Seed plants

• 1st appeared in Devonian, 360 my
• Seed develops from ovule, protects embryo

• withstands drought
• dispersal is enhanced
• no immediate need for water for germination

• Heterosporous
• male gametophyte: arise from microspores
• female gametophyte: arise from megaspores in ovule in ovary

• Two groups
• gymnosperms
• angiosperms
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plant

23.12 Sporophyte/gametophyte

23.13 Megasporangium (nucellus)

• Key to seed development
• Nucellus: solid, fleshy, surrounded by integuments derived from sporophyte (seed coat)
• Entire structure called ovule
• Flower may have many ovules

23.14 Pollen

• Develop from microspores, become male gametophyte
• Protected by sporopellenin
• In most plants, sperm lack flagella (loss)
• Many mechanisms to transport pollen

• wind
• insects, birds,

23.15 Gymnosperms

• “naked seed”
• ovule not fully enclosed by sporophyte at time of pollination

• Conifers, cycads, gnetophytes, Ginkgo
• Small, inconspicuous plants to giants like sequoia
• Conifers: to carry cones fv

• male cones, Female conesvv
• evergreen

23.16 Pine life cycle

23.17 Other Coniferophyta

• Cycadophyta: cycads
• tropical, subtropical
• flagellated sperm

• Gnetophyta
• e.g., Ephedra, Mormon Tea

• Ginkgophyta: Ginkgo
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• only one surviving species
• diocious (separate % and &trees)

23.18 Other gymnosperms

23.19 Angiosperms

• Flowering plants, Anthophyta
• monocots- single seed leaf (grasses, lilies, etc.)
• dicots- two seed leaves (roses, pulses, maples)

• More specialized xylem (water transport)
• vessel elements
• fiber cells

• Fossils date to 130 my
• Animal (e.g., insect) coevolution

23.19.1 Monocots vs dicots

23.20 Earliest angiosperm

• What is earliest angiosperm?
• Recent analysis of nucleotide and amino acid sequences suggests that Amborella, a tropical

plant found only on the island of New Caledonia, is closest relative to flowering plants

23.21 Angiosperm flower

Insert non-formatted text hereInsert non-formatted text here

23.22 Angiosperm life cycle

This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland
State University.

23.23 Introduction

Although you may not recognise fungi, they are just as prevalent as plants and animals.
Their spores are in the air which we breathe, fungi allow us to make bread, and mushrooms
(a type of fungi) are eaten by us. A few types of fungi are unicellular. For example, yeasts live
as individual oval or cylindrical cells. However, the majority of fungi live are multicellular.
Their bodies are composed of hyphae, a network of fine filaments. In a mushroom, the
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hyphae are densely packed so it is difficult to see the individual structures when a mushroom
is eaten. However, a mushroom is only a specialised reproductive part of the whole fungus.
The main part of the fungi is underground in a whole web of hyphae, called a mycelium.

In the mycelium, each fungal cell is separated from each other by a septum. Each fungal
cell may have one or more nuclei and remains connected to the mycelium because the septa
are porous, allowing cytoplasm to flow through the hyphae and fungal cell walls, made of a
hard material called chitin. Some fungi do not have septa, and they appear to be large,
branching, multinucleate cells.

23.24 Nutrition

Fungi are saprophytes. When they find a source of food (e.g. dead wood, orange peel) ,
they decompose it and digest it. The enzymes break down larger organic molecules in the
substrate into smaller molecules. These smaller molecules diffuse into the fungus, where
they are used to allow growth and repair.

Fungi which feed on living cells are parasitic. For example, athlete's foot grows on the
human foot. These kinds of fungi produce hyphae called haustoria, which can penetrate
host cells without immediately killing them.

However, they are friendlier species of fungi. Many fungi live symbiotically with plants or
animals. For example, most trees have fungi living in close contact with their roots. In this
relationship, known as a mycorrhiza, there are many benefits:

• Growing around the plant roots and often entering plant cells, the hyphae absorb minerals
from the soil and release them in the roots. The fungi gets its source of food (organic
nutrients) while delivering food to the plant.

• The mycelium here would increase the surface area, thus the absorptive surface, of the
plant roots.

• The fungal cells help to maintain air and water flow in the soil around the roots.

• The fungi may prevent other potentially pathogenic fungi to attack the tree.

23.25 Fungal Reproduction

Fungi can reproduce in two ways. Firstly, they make asexually produce through frag-
mentation. This occurs when pieces of hyphae are broken off, which then grow into new
mycelia.

The second method is by spores. Spores are lightweight structures and windblown designed
to be transported over long distances and by many mediums, such as on the bodies of insects
and birds. They are additionally light enough to be blown away for hundreds of kilometers.
Spores may be asexual and sexual. Their sexual properties can be analysed to classify the
four phylla of fungi.
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23.26 Types of Fungi

23.26.1 Zygospore Fungi (Zygomycetes)

This phyllum includes bread moulds and other saprotrophs. Comparable to bacteria, this
phyllum prefers asexual reproduction over sexual reproduction.

1. Two haploid hyphae of opposite types, also known as mating strain + and mating
strain -, combine and fuse together.

2. Plasmogamy, the union of the two parent hyphae, occurs and results in the creation
of a heterokaryotic (n + n) zygosporangium or zygospore. Note that the zygospore is
NOT diploid yet; the haploid nuclei are simply clumped together.

3. Immediately, a thick wall develops around the zygospore to protect it from drying and
other hazards. The zygospore becomes dormant.

4. When conditions are favourable, the zygospore absorbs water and undergoes karyogamy
(n + n = 2n), where the haploid nuclei contributed by the two parents fuse to produce
diploid zygosporangia.

5. The now diploid zygosporangium then undergoes meiosis to form haploid sporangia.

6. Through asexual reproduction of fungi (See above for more information), the spores from
the sporangia germinate and grow into new mycelia.

7. Back to step #1.

23.26.2 Club Fungi (Basidiomycetes)

This phyllum increases mushrooms and shelf fungi. In many ways, the reproduction stages
of this phyllum is similar to that of zygomycetes.

1. Two haploid hyphae of opposite types, also known as mating strain + and mating
strain -, combine and fuse together.

2. Plasmogamy takes place, and a dikaryotic mycelium forms. The dikaryotic mycelium
grows faster then the haploid parental mycelia.

3. Environmental factors cause the dikaryotic mycelium to form compact masses which de-
velop into basidiocarps, short-lived reproductive structures. An example is the mushroom.

4. The basidiocarp gills are lined with terminal dikaryotic cells called basidia, which then
undergo karyogamy.

5. The basidia are now diploid. They undergo meiosis to develop haploid basidiospores, a
term referring to a basidiomycete's spores.

6. Still remaining on the basidiocarp, the haploid basidiospores eject, fall from the basidiocarp,
and are dispersed by the wind when mature.

7. In a favourable environment, the basidiospores germinate and grow into short-lived
haploid mycelia.

113



Multicellular Photosynthetic Autotrophs

8. Back to Step #1.

23.27 Key Terms

synapomorphy

23.28 Introduction

What makes an animal an animal?

If animals are a monophyletic taxon, then animals should be able to be defined by synapomor-
phies, (shared, derived characteristics). Ideally, we would NOT define this or any taxon using
symplesiomorphies (shared ancestral or primitive characteristics) or homoplastic characters
(the independent evolution of similarity, or "convergent evolution"). See pages 654 - 656 and
Fig. 32.6 in your text to review these concepts. As you consider the characteristics listed
below, ask yourself whether or not each is a synapomorphy.

23.29 Characteristics of an Animal

• There is no one universally accepted definition of an animal. The following treatment
follows your text, beginning on page 876.
• Animals:

• Are multicellular, heterotrophic eukaryotes . . .
• Lack the distinctive cell walls of plants & fungi
• Share unique characteristics . . .
• Share certain reproductive characteristics . . .
• Other commonly used definitions . . .

Animals are multicellular heterotrophic eukaryotes

• Unfortunately, none of these traits is exclusive to animals:
• Plants, fungi, and some algae are multicellular.
• Many bacteria, protists, and all fungi are heterotrophic.
• Everything other than bacteria and archaea are eukaryotic.

• Moreover, all three of these characteristics also apply to fungi.
• However, there is a difference here between animals and fungi. Animals generally

take in their food through ingestion, or eating and swallowing something. Fungi are
absorptive heterotrophs; they secrete their digestive enzymes onto their food, and then
absorb the resulting nutrients.

Animals share unique characteristics

• Only animals have muscle tissue and nervous tissue.
• Only animals have collagen, a structural protein
• Only animals have the following types of intercellular junctions: (See pages 135 - 139,

Figure 7.15 in your text for more information on these junctions.)
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• Tight junctions (sealing function)
• Desmosomes (anchoring function)
• Gap junctions (communication function)

Animals share certain reproductive characteristics

• Most animals reproduce sexually, with the diploid stage dominating.
• In most animals, a small, haploid, flagellated, motile sperm fertilizes a larger, haploid,

nonmotile egg to form a diploid zygote.
• Mitotic division of the zygote yields a blastula stage, followed by a gastrula stage. A

synapomorphy? This feature could be another "unique characteristic" shared by animals.
• Development may be direct to adult form, or there may be a sexually immature stage

(or stages) that are morphologically & ecologically distinct from the adult called a larva
(plural: larvae).

Other commonly used definitions or characterizations

• It is surprisingly difficult to find two texts that agree on a precise definition of an animal.
Here are a few perspectives from some other texts.
• Animals are multicellular eukaryotes; they are chemosynthetic heterotrophs that ingest

their food.
• Animals are motile, though many are secondarily sessile. Gametes usually are produced

in multicellular sex organs, and the zygote passes through embryonic stages that include
a blastula.

• Animals are organisms that are multicellular, with more than one type of cell. They
are heterotrophic. They reproduce sexually (at least sometimes), with a zygote formed
from two different haploid gametes. They go through a developmental stage called a
blastula.

• Animals are not photosynthetic, have no cell wall, and no hyphae or mycelia. (What
would a cladist think of this definition of the taxon Animalia?)

What kinds of animals are there?

• Kingdom Animalia generally is recognized to have approximately 30 phyla ...
• There is relatively little dispute over the number of phyla recognized; however, the

phylogenetic relationships among the phyla are hotly debated.
• Molecular techniques for assess similarity based on nucleotide sequences in nucleic

acids are providing valuable new perspectives on this question.
• Remember that two animals in different phyla generally are considered to be more different

from each other than are animals within one phylum (e.g., nematodes are more different
from annelids than humans are from sharks).

This text is based on notes very generously donated by Ralph Gibson, Ph.D.1 of the Cleveland
State University2.

1 http://bgesweb.artscipub.csuohio.edu/faculty/gibson.htm
2 http://www.csuohio.edu
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23.30 Introduction to animal phyla

There currently are almost 40 recognized phyla.

Phylum — Number of Species — Common Name

• Placozoa3 — 1
• Monoblastozoa4 — 1
• Rhombozoa5 — 50
• Orthonectida6 — 50
• Porifera7 — 9,000 — sponges (figures)
• Cnidaria8 — 9,000 — corals (figures)
• Ctenophora9 — 100 — comb jellies
• Platyhelminthes10 — 20,000 — flatworms (figures)
• Nemertea11 — 900 — ribbon worms (figures)
• Rotifera12 — 1,800 — rotifers (figures)
• Gastrotricha13 — 450 — gastrotrichs
• Kinorhyncha — 150 — kinorhynchids
• Nematoda — 12,000 — roundworms (figures)
• Nematomorpha — 230 — horsehair worms
• Priapula — 15
• Acanthocephala — 700 — (figures)
• Entoprocta — 150
• Gnathostomulida — 80
• Loricifera — 35
• Annelida — 15,000 — segmented worms (figures)
• Sipuncula — 250 — peanut worms (figures)
• Echiura — 135
• Pogonophora — 145 — beard worms
• Vestimentifera — 8 — beard worms
• Arthropoda — 957,000 — arthropods (figures)
• Onychophora — 80
• Tardigrada — 400 — water bears
• Pentastomida — 95 — tongue worms
• Mollusca — 100,000 — molluscs (figures)
• Phoronida — 15
• Ectoprocta — 4,500 — sessile zooids
• Brachiopoda — 335 — lampshells

3 http://en.wikibooks.org/wiki/Placozoa
4 http://en.wikibooks.org/wiki/Monoblastozoa
5 http://en.wikibooks.org/wiki/Rhombozoa
6 http://en.wikibooks.org/wiki/Orthonectida
7 http://en.wikibooks.org/wiki/Porifera
8 http://en.wikibooks.org/wiki/Cnidaria
9 http://en.wikibooks.org/wiki/Ctenophora
10 http://en.wikibooks.org/wiki/Platyhelminthes
11 http://en.wikibooks.org/wiki/Nemertea
12 http://en.wikibooks.org/wiki/Rotifera
13 http://en.wikibooks.org/wiki/Gastrotricha
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Phylum Porifera

• Echinodermata — 7000 — echinoderms (figures)
• Chaetognatha — 100 — arrow worms (figures)
• Hemichordata — 85 — acorn worms
• Chordata — 50,000 — chordates (figures)

23.31 Phylum Porifera

Figure 6 Sponges

Name means "pore-bearing".

This phylum consists of the sponges. The number of species is estimated to be between
5,000 and 10,000. All are aquatic and almost all are marine.

Animals in this phyla have no true tissues, which means, for example, that they have no
nervous system or sense organs. Although sponges are multicellular, they are described as
being essentially at a cellular level of organization. They are sessile as adults, but have a
free swimming larva.

Their bodies are porous. They are filter feeders; water flows in through many small openings,
and out through fewer, large openings. They have inner and outer cell layers, and a variable
middle layer. The middle layer often is gelatinous with spiny skeletal elements (called
spicules) of silica or calcium carbonate, and fibres made of spongin (a form of collagen).
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Choanocytes are flagellated cells lining the inside of the body that generate a current, and
trap and phagocytize food particles.

Their cells remain totipotent, or developmentally flexible: they can become any type of
cell at any point in the sponge's development. This allows for the great regenerative power
sponges have.

Sponges are an ancient group, with fossils from the early Cambrian (ca. 540 mya) and
possibly from the Precambrian. Sponges often are abundant in reef ecosystems. They
somehow are protected from predators (spicules? bad taste?).

Many organisms are commensals of sponges, living inside them. Some sponges harbor
endosymbiotic cyanobacteria or algae (dinoflagellates, a.k.a. "zooxanthellae").

23.32 Phylum Cnidaria

See text pages 886 - 889.

Name comes from the Greek knide- meaning "nettle".

This phylum They have one opening, which serves as both mouth and anus. The body wall
has an outer ectoderm, an inner endoderm, and a variable undifferentiated middle layer
called mesoglea or mesenchyme that may be jelly-like. The mesoglea is NOT considered
to be true mesoderm and so the Cnidaria are described as diploblastic. Tentacles usually
extend from the body wall around the mouth/anus.
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Figure 7 Jellyfish Development

There are two basic body plans: the polyp14 and the medusa15. The polyp is sessile and
attaches to substrate by the aboral end (i.e., the end away from the mouth). The medusa
("jellyfish") is a floating form, and looks like an upside-down version of the polyp. Some
cnidarians only have the polyp stage, some have only the medusa stage, and others have
both.

14 http://en.wikipedia.org/wiki/polyp
15 http://en.wikipedia.org/wiki/Medusa%20%28biology%29
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The typical life cycle of a cnidarian involves what is called "alternation of generations": an
alternation between an asexual polyp stage and a sexual medusa stage.

The tentacles are armed with cnidae (or nematocysts), small intracellular "harpoons" that
function in defense and prey capture. When fired, the cnidae deliver a powerful toxin that
in some cases is dangerous to humans. The phylum is named after the cnidae.

Cnidarians have no head, no centralized nervous system, and no specialized organs for gas
exchange, excretion, or circulation. They do have a "nerve net."

Many cnidarians have intracellular algae living within them in a mutualistic symbiotic
relationship (Dinoflagellates = zooxanthellae). This combination is responsible for much of
the primary productivity of coral reefs.

There are three main classes in the phylum

• Class Hydrozoa16 (hydras and Portugese man-of-war are well-known but atypical examples
of this Class)

• Class Scyphozoa17 (jellyfish)
• The medusa stage is dominant and the polyp stage often is reduced.

• Class Anthozoa18 (sea anemones, most corals)
• No medusa (jellyfish) stage, so sexual reproduction occurs in the polyp stage in this

group. The polyps also can reproduce asexually, which is how individual "corals" grow.

23.33 Phylum Platyhelminthes

See text pages 890 - 893.

Name means "flat worm"

Most members of this phylum are parasitic (flukes and tapeworms), but some are free living
(e.g., planaria). There are about 20,000 species.

They are dorsoventrally compressed (i.e., "flat").

Animals in this phylum are acoelomate, triploblastic, bilaterally symmetrical, and unseg-
mented. Platyhelminths have a simple anterior "brain" and a simple ladder-like nervous
system. Their gut has only one opening. Flatworms have NO circulatory or gas exchange
systems. They do have simple excretory/osmoregulatory structures (protonephridia or "flame
cells").

Platyhelminths are hermaphroditic, and the parasitic species often have VERY complex
reproductive (life) cycles.

There are four main classes of platyhelminths:

• Class Turbellaria19 (mostly free living flatworms, e.g., planaria)

16 http://en.wikipedia.org/wiki/Hydrozoa
17 http://en.wikipedia.org/wiki/Scyphozoa
18 http://en.wikipedia.org/wiki/Anthozoa
19 http://en.wikipedia.org/wiki/Turbellaria
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Phylum Rotifera

• Class Monogenea20 (parasitic flukes)
• Class Trematoda21 (parasitic flukes, e.g., liver fluke and the human blood fluke, Schisto-

soma)
• Class Cestoda22 (tapeworms)

• Cestodes are endoparasitic in the gut of vertebrates. They do not have a mouth or
digestive system.

23.34 Phylum Rotifera

See text page 900

The Rotifers. The name means "wheel bearing," a reference to the corona, a feeding structure
(see below).

They are triploblastic, bilaterally symmetrical, and unsegmented. They are considered
pseudocoelomates.

Most less than 2 mm, some as large as 2 - 3 mm.

Rotifers have a three part body: head, trunk foot. The head has a ciliary organ called the
corona that, when beating, looks like wheels turning, hence the name of the phylum. The
corona is a feeding structure that surrounds the animal's jaws. The gut is complete (i.e.,
mouth & anus), and regionally specialized. They have protonephridia but no specialized
circulatory or gas-exchange structures.

Most live in fresh water, a very few are marine or live in damp terrestrial habitats. They
typically are very abundant. There are about 2,000 species.

Parthenogenesis, where females produce more females from unfertilized but diploid eggs, is
common. Males may be absent (as in bdelloid rotifers) or reduced. When males are present,
sexual and asexual life cycles alternate. Males develop from unfertilized haploid eggs and
are haploid. Males produce sperm by mitosis which can fertilize haploid eggs, yielding a
diploid zygote that develops into a diploid female. Sexual reproduction occurs primarily
when living conditions are unfavorable.

Most structures in rotifers are syncytial ("a mulitnucleate mass of protoplasm not divided into
separate cells," or "a multinucleated cell") and show eutely (here, "constant or near-constant
number of nuclei").

23.35 Phylum Nematoda

See text pages 894 - 895.

Name from the Greek for "thread".

20 http://en.wikipedia.org/wiki/Monogenea
21 http://en.wikipedia.org/wiki/Trematoda
22 http://en.wikipedia.org/wiki/Cestoda
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This phylum consists of the round worms. There are about 12,000 named species but the
true number probably is 10 - 100 times this!

These animals are triploblastic, bilaterally symmetrical, unsegmented pseudocoelomates.
They are vermiform, or wormlike.

In cross-section, they are round, and covered by a layered cuticle (remember this cuticle !!).
Probably due to this cuticle, juveniles in this phylum grow by molting. The gut is complete.
They have a unique excretory system but they lack special circulatory or gas-exchange
structures. The body has only longitudinal muscle fibers. The sexes are separate.

Nematodes can be incredibly common, widespread, and of great medical and economic
importance. They are parasites of humans and our crops. They can live pretty much
anywhere.

In one rotting apple, there can be up to 90,000 nematodes, and in one tablespoon of coastal
mud, there can be 236 species of nematodes!

Nematodes can be free living or important parasites of our crops, or of humans and other
animals. They have become very important in development studies, especially the species
Caenorhabditis elegans, presumably due to its small size and constancy of cell number
(eutely - 959 cells in C. elegans).

23.36 Phylum Annelida

See text pages 906 - 909.

Name means "ringed", from the Greek annulatus.

This phylum consists of earthworms, leeches, and various marine worms given many different
names (e.g., sand worms, tube worms). There are about 12,000 - 15,000 species.

Animals in this phylum are triploblastic, bilaterally symmetrical, segmented coelomates.
Development is typically protostomous. They have a complete circulatory system, and
a well-developed nervous system. Typically, each segment has paired epidermal "bristles"
(setae or chaetae).

Most are marine but they are successful occupants of almost anywhere sufficient water is
available. They can be free living, parasitic, mutualistic, or commensalistic.

Major advances of this phylum include the true coelom, segmentation, both longitundinal
and circular muscles, a closed circulatory system and, for most, a more advanced excretory
system (metanephridia).

There are three main classes of Annelids

• Class Oligochaeta (earthworms)
• Class Polychaeta (marine worms)
• Class Hirudinea (leeches)
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23.37 Phylum Arthropoda

Figure 8 Arthropods

Name means "jointed feet".

This phylum consists of spiders, ticks, mites, insects, lobsters, crabs, and shrimp, and is the
largest of all the phyla. So far, over 1 million species have been named, and it is likely that
the true number out there is 10 - 100 times greater.

This phylum also includes the extinct trilobites, which were prevalent in the Paleozoic era.
Because of their exoskeletons, these animals fossilized well and over 4000 species have been
named.

These animals are triploblastic, bilaterally symmetrical, segmented, protostome coelomates.
The coelom is generally reduced to portions of the reproductive and excretory systems. They
have an open circulatory system.

The most notable advancement of this phylum is a rigid exoskeleton. It has major implications
in these organisms' locomotion, flexibility, circulatory systems, gas exchange systems, and
growth. It also was partially responsible for the ability of the arthropods to move on to land.

There are several major groupings of arthropods:

Major subgroups include:

• The chelicerates (eurytperids, horseshoe crabs, scorpions, spiders, ticks) have clawlike
feeding appendages. They lack antennae and usually have simple eyes.

• The Trilobites...they get their own grouping
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• The uniramians (centipedes, millipedes, insects) have one pair of antennae and un-
branched (uniramous) appendages.

• The crustaceans (crabs, shrimp, lobsters, barnacles and many others) have two pairs of
antennae and branched (biramous) appendages.

Major Classes Include

• Class Arachnida (mites, scorpions, spiders, ticks)
• Class Diplopoda (millipedes)
• Class Chilopoda (centipedes)
• Class Insecta (insects)
• Class Crustacea (crabs, crayfish, lobsters, shrimp)

23.38 Phylum Mollusca

See text pages 900 - 905.

Name means "soft".

This phylum consists of snails, slugs, bivalves, chitons, squids, octopus, and many others.
About 110,000 species

All molluscs have a similar body plan:

• A muscular foot, usually used for movement.
• A visceral mass, containing most of the internal organs.
• A mantle, a fold of tissue that drapes over the visceral mass and secretes the shell, if

present.
• Most have a radula, or a rasping organ to scrape food.

Molluscs are bilaterally symmetrical, or secondarily asymmetrical. They are coelomates, but
the coelom generally has been greatly reduced; the main body cavity is a hemocoel. Devel-
opment is typically protostomous. The gut is complete with marked regional specialization.
Large, complex, metanephridia (excretion).

Many molluscan life cycles include a trochophore larva. This stage also is characteristic of
annelids.

There are several major classes of molluscs:

• Class Polyplacophora (chitons)
• Class Gastropoda (snails, slugs, nudibranchs)
• Class Bivalvia (clams, mussels, scallops, oysters)
• Class Cephalopoda (squids, octopuses, chambered nautiluses)

23.39 Phylum Echinodermata

Name means "spiny skin"

This phylum consists of sea stars, brittle stars, sea urchins, and sea cucumbers.
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Echinoderms are mostly sessile or very slow moving animals.

As adults, they are radially symmetrical, but in the larval stage, they are bilaterally
symmetrical. They are considered deuterostomes.

Echinoderms are unique in that they have a water vascular system composed of a system
of fluid-filled canals. These canals branch into the tube feet, which function in feeding,
locomotion, and gas exchange.

There are six major classes of echinoderms:

• Class Asteroidea (sea stars)
• Class Ophiuroidea (brittle stars)
• Class Echinoidea (sea urchins, sand dollars)
• Class Crinoidea (sea lilies)
• Class Holothuroidea (sea cucumbers)

23.40 Phylum Chordata

Name means "the chordates", i.e., these animals have a notochord at some stage in their
lifecycle.

This phylum consists of tunicates, lancelets, and the vertebrates.

There are four major features that characterize the phylum Chordata.

• A notochord, or a longitudinal, flexible rod between the digestive tube and the nerve
cord. In most vertebrates, it is replaced developmentally by the vertebral column. This
is the structure for which the phylum is named.

• A dorsal hollow nerve cord which develops from a plate of ectoderm that rolls into a tube
located dorsal to the notochord. Other animal phyla have solid nerve cords ventrally
located. A chordate nerve cord splits into the central nervous system: the brain and
spinal cord.

• Pharyngeal slits, which allow water that enters through the mouth to exit without
continuing through the entire digestive tract. In many of the invertebrate chordates,
these function as suspension feeding devices; in vertebrates, they have been modified for
gas exchange, jaw support, hearing, and other functions.

• A muscular, postanal tail which extends posterior to the anus. The digestive tract of
most nonchordates extends the length of the body. In chordates, the tail has skeletal
elements and musculature, and can provide most of the propulsion in aquatic species.

Chordates have a segmented body plan, at least in development. This segmentation evolved
independently from the segmentation of annelids.

Three subphyla make up the phylum Chordata:

• Subphylum Urochordata (tunicates): the adults are enclosed in a tunic made of a carbo-
hydrate much like cellulose. They squirt water out of an excurrent siphon. Urochordates
are characterized by errant (mobile and active) larvae and sessile adults. All are filter
feeders. The only "chordate" characteristics retained in adult life are the pharyngeal slits.
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Larval urochordates look more like adult cephlochordates & adult vertebrates than adult
urochordates.

• Subphylum Cephalochordata: Cephalochordates are known as lancelets because of their
blade-like shape; they are also known as amphioxus. They are marine animals and usually
live on the bottom, but can swim.

• Subphylum Vertebrata (vertebrates) ...

Formally, the phyla Urochordata and Cephalochordata are considered invertebrates.

23.40.1 Subphylum Vertebrata

Vertebrata refers to the presence of vertebrae and a vertebral column.

This subphylum includes most of the animals with which most people are familiar.

Vertebrates show extreme cephalization.

The notochord generally is replaced by the cranium & vertebral column in adults.

Neural Crest Cells

Later in development, these give rise to many cells of the body, including some cartilage
cells, pigment cells, neurons & glial cells of the peripheral nervous systems, much of the
cranium, and some of the cells of the endocrine system.

Some scientists would like to classify the neural crest as the fourth germ layer.

Neural crest cells come from the dorsal edge of the neural plate, thus ectoderm.
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24 Chordates

The phylum Chordata includes three subphyla. These include vertebrates and invertebrate
chordates.

24.1 Characteristics

Notochord: the rod-shaped supporting axis found in the dorsal part of the embryos of all
chordates, including vertebrates

Flexible, non-collapsible rod dorsal to the gut/coelom and below the nervous system,
hydrostatic, fluid wrapped in tough connective tissue. As bone does not compact, muscles
tensed on one side result in movement instead of shortening the animal. This allows much
better locomotion than do cilia for larger animals in water, a crucial victory for later success.

Pharyngeal slits: Slits in the pharynx originally used to gather food, water enters the mouth,
passes through pharynx and out gill-like slits, passing through a cavity called an antrium
and then outside. In humans, present only in embryo.

Dorsal nerve cord: A neural tube dorsal to the notochord

Postanal tail: Elongation of the body and notochord, nerve cord and muscles past anus into
tail, early locomotive function led to success.

Non-synapomorphic characteristics (not limited to chordates):

• bisymmetrical (bilateral symmetry)
• segmented muscles and bones

24.2 Subphylum Urochordata

The tunicates are located in this subphylum. Along with the subphylum Cephalochordata,
these two subphyla make up the invertebrate chordates. Only the tunicate larvae have
notochords, nerve cords, and postanal tails. Most adult tunicates are sessile, filter-feeders
which retain their pharyngeal slits. Adult tunicates also develop a sac, called a tunic,
which gives tunicates their name. Cilia beating within the turnicate cause water to enter
the incurrent siphon. The water enters the body, passes through the pharyngeal slits,
and leaves the body through the excurrent siphon. Undigested food is removed through
the anus. Tunicates are hemaphrodites and can reproduce asexually through budding.In
urochordates notochord is confined to larval tail.These lack cranium. These have an open
type of circulatory system.Excretion is by neural gland,nephrocytes.
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24.3 Subphylum Cephalochordata

The lancelets are located in this subphylum. Along with the subphylum Urochordata, these
two subphyla make up the invertebrate chordates. Lancelets receive their name from their
bladelike shape. They resemble fish but they are actually scaleless chordates only a few
centimeters long. They spend most of their time buried in the sand with their mouths
protruding. Fossils of lancelets have been found to be over 550 million years old.

Dropped out sessile stage, what was the larval stage is now sexually reproductive. Includes
Branchiostoma (“amphioxus”).

24.4 Subphylum Vertebrata

(Vertebra from Latin vertere, to turn). Characterized by separate bones or cartilage blocks
firmly joined as a backbone. The backbone supports and protects a dorsal nerve cord.
Vertebrates have tissues which are organized into organs which in turn are organized into
organ systems.

All vertebrates share the following characteristics: - segmentation - a true coelom - bilateral
symmetry - cephalization - a backbone - a bony skull - a closed circulatory system - chambered
heart - two pairs of jointed appendages - tissues organized into organs

Vertebrate Organ Systems: - Nervous System - Circulatory System - Digestive System -
Respiratory System - Reproductive System - Excretory System

• Vertebral column: Not present in higher vertebrate adults. (In humans, the gel-like,
spongy core of the vertebral column is the only remainder. Ruptured or herniated disc is
an injury to this.)

• Cranium: Composite structure of bone/cartilage. Two functions: 1. Supports sensory
organs of head and 2. Encloses or partially encloses the brain.

What evolutionary relationship could we imagine between sessile echinoderms and the higher
chordate animals?

Paedomorphic (child-form) hypothesis: basically, evolution of sexual reproduction in what
had previously been a larval life stage, or the retention of at least one juvenile characteristic
into the adult (adult = sexually reproducing) stage. Some scientists believe that this occurred
in a proto-chordate animal lineage. Maybe chordates (and vertebrates) arose from sessile
(attached) ancestors. Selection in these proto-chordates maybe began to favor more time in
the larval stage, as feeding was more successful or mortality lower in this stage. As larvae
got bigger physics shows that the cilia become less efficient for locomotion, favoring the
undulating motion allowed by a notochord.

Is this hypothesis crazy? A similar example of this today is Epemeroptera, the mayfly, which
has almost abandoned its adult stage. Its one-year lifespan is mostly larval with just a brief
day of reproduce-and-die as an adult, which doesn’t even have usable mouthparts.

Tunicate (sea squirt) larva has all four chordate characteristics, although adult sessile
(“attached”).
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Subphylum Vertebrata

24.4.1 Class Agnatha

"jawless fish"

• Ostracoderms: extinct Agnathans which had primitive fins and massive plates of bony
tissue on their body.

• Cyclostomes: "circle mouth" - a group of Agnathans which is still alive in the form of
lampreys and hagfish.

Appeared approximately 500 million years ago and dominated the oceans for about 100
million years. The first group of fish to appear. They had neither jaws, paired fins, nor
scales, but they were the first organisms with a backbone.

Class Acanthodia

"spiny fish" Appeared about 430 million years ago. An extinct class of fish that developed
jaws with bony edges. They had internal skeletons made of cartilage and some bone.

Class Placodermi

Appeared about 410 million years ago, dominated the sea for about 50 million years. An
extinct class of fish with massive heads.

24.4.2 Class Chondrichthyes

"cartilaginous fish" Appeared about 400 million years ago with bony fish. Includes sharks,
skates and rays, and chimaeras. Their skeletons are made of cartilage strengthened by the
mineral calcium carbonate.

The main characteristics and distinguishing features of this class: - gills - single-loop blood
circulation - vertebral column - presence of placoid scales on their bodies - internal skeleton
of cartilage - paired, fleshy pectoral and pelvic fins - asymmetrical tail fin prevents sinking -
fatty liver provides neutral buoyancy - visceral clefts present as separate and distinct gills -
no external ear - oviparous - internal fertilization - ectoderms - cold blooded

24.4.3 Class Osteichthyes

"bony fish" Appeared about 400 million years ago with cartilaginous fish. Includes about
95% of today's fish species.

Subclass Sarcopterygii
fleshy-finned fishes. Fins have bones and muscles, homologous to our limbs.

Order Dipnoi
lung fishes, two groups isolated when continents separated
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Order Crossopterygii
includes coelacanths and rhipodistians, gave rise to amphibians, had lungs which evolved
into a swim bladder in bony fishes, and labyrinthodont teeth, characterized by complex
folding of enamel.

• Skeleton made of bone, jaws, fins, most with scales, two-chambered heart.

24.4.4 Class Amphibia

means “both lives”, aquatic larvae, terrestrial adult Amphibians: - Legs - Lungs - Double-
Loop Circulation - Partially Divided Heart - Cutaneous Respiration (Breathes through
Skin)

Order Salientia
frogs (jumping) (aka Anura)

Order Urodela
salamanders (tailed)

Labyrinthodont amphibians: oldest known amphibians, inherited characteristic teeth from
crossopterygii ancestor, had stocky, aquatic larvae.

Amphibians have limbs instead of fins. Girdles and vertebral column now more substantial
and connected, support body on legs.

Lisamphybia: no scales, “smooth”, eggs with no shell, laid in water (water-reliant).

Amphibians gave rise to cotylosaurs, from which arose dinosaurs, turtles, lizards, and
therapsids.

Class Reptilia

amniotic egg allowed freedom from water, shelled egg. (Amnion: protection). Reptiles have
four extra-embryonic membranes:

• Amnion: supports aquatic environment inside egg in fluid sac.
• Allantois: allows gas exchange and elimination of wastes.
• Chorion: gas exchange
• Yolk sac: only one of the four left over from amphibian ancestor

Reptiles cold-blooded, or ectothermic, meaning that their heat come from their environment.
Sometimes defined as all amniotes that are not birds or mammals.

Reptiles can be classified by skull structure into four groups:

• Anapsid
• Synapsid
• Diapsid
• Euryasid
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Refers to number of holes in the skull. Cotylosaurs had Anapsid skull

Dermatocranium: from bony outer skull structure, precursor to human cranium.

Subclass Anapsidia

Subclass Testudinata
turtles1, terrapins

Subclass Diapsida
dinosaurs2, snakes3, most stuff

Subclass Synapsida

Order Therapsids

Subclass Diapsida
includes Ichthyosaurs, marine reptiles convergent on dolphins; Plesiosaurs, ancient sea
monsters; Squamates, including lizards and snakes; and Thecodonts, which gave rise to

• birds
• dinosaurs
• crocodilians

Dinosaurs: broken into two groups, based on hip structure

• Saurischia: lizard hips (gave rise to birds [!]), ancestrally bipedal
• Ornithischian: bird hips, ancestrally quadripedal

Crocodilians: come from archosaurs, the only extant (still living today) archosaur descendant.
Ancestrally bipedal, secondarily quadripedal.

Synapsids: refers to joined (Greek syn-, together with) parts of skull. Led eventually to
mammals. Synapsid pelycosaur >> therapsid >> mammals

Pelycosaur: Sail-backed dinosaur, legs not spread out like lizard but more pillar-like and
under body, allowing greater activity and competence in motion, pendulum like rather than
constant push-up. Teeth differentiated into different types, for pre-processing of food needed
by higher metabolism. Skull changes, bone histology, suggestions of warm-bloodedness.

1 http://en.wikibooks.org/wiki/turtle
2 http://en.wikibooks.org/wiki/dinsosaur
3 http://en.wikibooks.org/wiki/snake
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Chordates

Class Aves

arose late Jurassic, early Cretaceous. Feathers, skeleton modified for flight. Feathers:
epidermal derivative, made of keratin (like fingernails). Carpometacarpis: bears primary
flight feathers, parallel to hand parts. Keeled sternum: breastbone, powerful one needed
to support flight muscles. Strong, light, occasionally hollow bones. All birds lay eggs (as
contrasted to reptiles, which have developed live birthing over 100 independent times.) Why
are there no live-bearing birds? Early birds had teeth, lost them. With mammals, only
exothermic animals.

Archaeopteryx: “ancient wing”, Jurassic bird-reptile, very dinosaur-like. Good fossils found
in Zolenhoffen, German sandstone mine with fine sand, shows feathers clearly, found shortly
after Darwin’s publication and used to support his hypothesis. Thick, heavy bones and no
sternum, bony tail, not a good flyer but did have primary flight feathers.

Archaeornithes: includes archaeopteryx.

Paleognathae: gave rise to Australian flightless birds.

Neognathae: remaining live birds.

Class Mammalia

Two unique characteristics, or synapomorphies:

• Hair
• Mammary glands

(don’t fossilize well)

Three skeletal characteristics (fossilize)

• Lower jaw only one bone, the dentary (several in reptiles)
• Three bones in middle ear: malleus, incus, stapes (reptiles have one or two, never three)
• Joint between upper and lower jaws between dentary and squamosal of skull (in reptiles

this joint is between other bones)

Mammals basically have a synapsid skull design inherited from ancestor

Non diagnostic characteristics (not unique to mammals):

• Warm-blooded
• Skin glands: sweat glands and oil-producing sebaceous glands
• Large nasal cavities (because of high metabolism) Clean, warm and humidify air
• Heterodonty (differentiated teeth)
• Diphiodonty: two sets of teeth: baby and adult (“deciduous” teeth, drop out) (reptile

teeth are continually replaced)

Subclass Protheria
monotremes (Greek mon-, one; and trema, hole), or egg-laying mammals, have one opening
for excretion and urination.
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Subclass Theria
Metatheria: Marsupials (opossum, kangaroo. . . ) Eutheria: Placental mammals (all common
mammals)

Marsupium: (from Greek marsypion, purse or pouch). Gestation period much shorter than
in Eutherian mammals, but after leaving the uterus the tiny offspring crawls into a pouch
where it completes development latched onto a teat.

Recent molecular (read: genetic) evidence suggests that two different mammal groups
may have developed live-bearing ability separately. Instead of being a “rough draft” for
placental-style live bearing, perhaps the marsupial pouch approach is another solution to
the same problem. Advantage: in tough times the parent can pitch out the offspring and
increase its own chance of survival.
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25 Tissues and Systems
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26 Epithelial tissue

Comes from various sources, ectodermal or endodermal material. Cell sheet lines a
surface or body cavity. One side, called freesurface or Apical, is exposed to

• animal interior (forming the lumen) or
• exterior of its body cavity.

The other side rests on the basal layer.

Epithelial tissue is not penetrated by blood vessels.

Two categories:

• sheets
• glands

Classified on two features:

• simple, (a single layer of cells),
• stratified, (more than one cell layer.)

Cell shape at free surface:

• squamous (broad and flat)
• cuboidal (spherish)
• columnar (tall and thin)

Simple squamous epithelium

usually lines body cavities and vessels,alveoli, glomeruli of kidney; in blood and lymph
vessels called endothelium; in body cavities called mesothelium (serosae): parietal serous
membranes line body wall, visceral serous membranes cover organ

Simple cuboidal epithelium

in ducts like kidney and salivary glands.

Simple columnar epithelium

nonciliated type lines digestive tract, ciliated type lines some regions of uterine tubes and
lungs

Stratified squamous epithelium

(important) lines mouth, esophagus,and vagina. Cells sometimes dead, flat and keratinized,
making them resistant to abrasion. Stratified squamous epithelium changes to columnar
squamous epithelium progressively down esophagus to the stomach.

Epidermis
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Epithelial tissue

from epithelium. Below this is dermis, thicker and with blood vessels.

Two specialized epithelia:

• pseudostratified
• transitional

Pseudostratified epithelia

lines the trachea (where it is ciliated)and the male urethra (where it is non ciliated), looks
stratified but not.

Transitional epithelia

found only in bladder and urinary system. As it stretches it appears to go from 6 to 3 cell
layers deep.

Glandular epithelia

(gland: group of cells that excretes something.. mostly derived from epithelium. Glands
are classified into endocrine and exocrine by where they excrete.

Endocrine glands

secrete hormones into the blood without use of ducts.

Exocrine glands

secrete onto the body surface or into a cavity, thru a duct. Exocrine substances include
sweat, mucous, oil, and saliva. An exocrine gland is the liver, which secretes bile.
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27 Connective tissue

This is a “grab bag” category of diverse tissue types. Functions include binding and
supporting. Types include bone, cartilage, fibrous connective tissue, blood and
adipose (fat) tissue.

If you took away everything in the body except the connective tissue, you’d still be able to
see the basic form of the body.

Form: distinctive cells surrounded by a cell matrixmade of extra-cellular fiber grounded
in a ground substance (excluding blood)

Types:

1. connectile connective tissues (can be 1. loose or 2. dense)

2. special connective tissue (includes blood, bones and cartilage).

Fibroblasts form connective tissue proper;

chondoroblasts form cartilage;

osteoblasts form bone;

and blood is formed from various sources.

Ground substance: “unstructured” material that fills space between cells and contains
fibers. Made of

1. interstitial fluid (bathes cells)

2. proteoglycans (protein core with attached polysaccharides, glycoaminoglycans or GAGs
such as chondroitin sulfate, keratin sulfate, and hyalronic acid, whose consistency is syrupy
to gelatin-like)

3. cell-adhesion proteins (connect connective tissue cells to the fibers).

Fibers of connective tissue:
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Connective tissue

1. Collagen (flexible protein resistant to stretching, tensile strength, most abundant
protein in animals, white)

2. elastin (rubbery, resilient protein, in dermis, lungs, blood vessels, yellow when fresh)

3. andreticulin (like collagen).

Loose connective tissue: found beneath skin, anchors muscles,nerves etc. Include fi-
broblasts, macrophages, mast cells,and adipose cells. Fibers include collagen and
elastic fibers. Ground substance is “syrupy”. Adipose included.

Dense connective tissue: largely densely packed fibers of collagen or elastin regularly
or irregularly arranged. Forms tendons and ligaments, coverings of muscles, capsules
around organs and joints, and dermis of skin.

Cartilage vs. bone

Feature Bone Cartilage
cell type osteocytes chondrocytes
ground substance calcium phosphate chondroitin sulfate
vascularization vascular avascular
micro architecture highly ordered less organized
units called osteons
fibrous sheath peristeum perichondrium

Cartilage: There are three cartilage types:

1. hyaline cartilage

2. fibrocartilage (fibrous cartilage)

3. elastic cartilage

Hyaline cartilage: most widespread cartilage type, in adults forms articular surfaces of
long bones, rib tips, rings of trachea, and parts of skull. Mostly collagen, name refers to
glassy appearance. In embryo, bones form first as hyaline cartilage, later ossifies. Found
in tracheal rings. Few collagen fibers.

Fibrous cartilage: have lots of collagen fibers. Found in intervertebral discs, pubic
symphesis. Grades into dense tendon and ligament tissue.

Elastic cartilage: springy and elastic. Found in internal support of external ear and in
epiglottis, yellow when fresh.

Chondrocites (cartilage cells) rely on diffusion for nutrients, as cartilage has no direct
blood supply, and no enervation (nerves). Can be loaded with calcium salts.
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Subphylum Vertebrata

Bone: Specialized connective tissue, calcium phosphate arranged in highly ordered unit
called osteon, or Hyvercian system. Concentric rings around central canal with blood
vessels and enervation (nerves). Bone varied, not all vertebrate bone is even cellular. Our
concern: simple pattern for mammals.

Lacuna (spaces in which osteocytes found); canaliculi (little canals) bigger diagonal cells,
layers of bone called lamellae.

Three types of bone cells, ending in

-blast, (mend bone)

-cyte (fortify bone)

-clast (tear down bone)

Classified by

1. appearance (spongy vs. hard)

2. where found (outside or inside)

3. how it is formed (endochondral cartilage model forms first and then is ossified, and
entramembranous, bone forms directly without cartilage precursor)

Example of endochondral bone formation: long bone begins to ossify from center shaft,
calcified region expands and cuts off diffusion of nutrients as bone replaces cartilage. In
young mammals, secondary ossification centers then form at bone ends, growth has stopped
by sexual maturity as all primary bone is ossified. In other animals, bones continue growing
throughout their lifetime.

Three types of intramembrous bone:

1. dermal bone

2. sessamoid bone

3. perichondral bone.

Dermal bone forms skull, shoulder/pectoral girdle, and integument, descended from dermal
armor of ancestor. Comes from mesoderm, in dermis of skin.

Sessamoid bones: form directly in tendons. Example: kneecap, also in wrist. Deals with
stress.

Perichondral bone means “around cartilage,” forms around cartilage or bone. Func-
tions in bone repair and in ossification of endochondral bone.
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Connective tissue

Bone remodeling and repair: bone has mineral structure, and develops tiny fractures,
which, under stress, can lead to larger fractures. To combat this, bone is constantly replaced.
Osteoclasts channel through existing bone, tear down and leave behind osteoblasts
and lacuna, leaving osteocytes. Continually resets mineral structure of bone, and is
preventative maintenance.

When bone broken, callus forms in open ends, periosteum gives rise to new bone with
calcium and new bone matrix, leaves irregular mend. Later, osteoblasts continue fixing over
time and slowly removing imperfection.
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28 Muscle tissue

Mesodermal in origin, muscle has several functions: supply force for movement, restrain
movement, proper posture, act on viscera (internal organs) for peristalsis (moving food
down digestive tract), give body shape, form sphincters, (such as in esophagus, between
stomach and intestine, large and small intestine, in anus), in sheets of muscles, affect air
flow in and out of lungs, line blood vessels and play vital role in circulation.

Secondary roles: heat production (shivering a specialized heat production to supplement
metabolism).

Muscles co-opted to other non-original functions: sharks detect electrical field created by fish
muscles. Some fish formed electric organs, create current strong enough to repel predators
or stun prey. Other fish can use field as “radar” to see things and communicate with other
animals. (Evolved independently in different groups).

Different classifications: by color, (red or white) location, nature of nervous system
control (voluntary or involuntary), embryonic origin, or by general microscopic ap-
pearance (striated, smooth, and cardiac.)

Striated muscle (or skeletal muscle): under voluntary control. Individual cells called
fibers, grouped into fascicle. Myofibrils founding one cell made of even smaller myofil-
aments. Each striated cell very long and multi-nucleated. Fibers joined end to end to
form longer composite fibers. Sarcomeres: repeating units make up myofibrils. Two
kinds of myofilaments, thick kind made up of myosin and thin of actin. Striations visible
in light microscope, smaller part only with electron microscope.

Cardiac muscle: occurs only in heart. Light banding visible under light microscope.
Each band short, principally mononucleate (occasionally dinucleate) often branched, joined
together with intercollated discs. Involuntary. Waves of contraction spread through intercol-
lated discs. Initiated by nerve stimulation or can originate in the heart itself (useful in heart
transplants.)

Smooth muscle: no striations visible with light microscope. Almost entirely visceral
function: digestion, sphincters, urogenital tracts, piloerectory muscles (make hairs stand up),
lungs. Non-voluntary control. Slow and sustained action. Each cell mononucleate, short,
fusiform (spindly) in shape, cells usually uniform in size.

Striated muscle contraction: Muscle broken into units called fascicles, in units of myofibrils.
Repeating units called sarcomeres, consisting of two kinds of myofilaments:

1. thick, myosin filament

2. thin, actin filament.
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Muscle tissue

Sarcomere: Thick and thin filaments interspersed in ordered grid.

Sliding filament theory: thick and thin filaments move past each other in opposite
direction, shortening length. Longer muscles contract more rapidly than short ones (see cell
bio for details).

Myosin molecule: two polypeptides twisted together with two globular heads at end.

Myosin filament: many slender myosin molecules together.

Actin filament: chain of actin single, tropomyosin strands with repeated globular
troponin, and with actin. All play role in muscle contraction. Myocin heads have sites
that bind to actin. Actin filaments have many regular sites that can bind to myosin.

Troponin has four sites:

1. one to bind myosin

2. one for actin

3. one for tropomyocin

4. one for calcium ions

Nerve signal reaches muscle, triggers release of chemical signal called neurotransmitter,
that diffuses across cell membrane (sarcolimic reticulum) and binds to receptors in it.
Receptor is acetylcholine, ACH. When there is enough nerve signal, the message travels
through t-line to sarcoplasmic reticulum to release calcium ions.

Lacking calcium, tropomyosin site blocked. In calcium, myosin binding sites exposed and
heads bind to actin molecules, delivering force to move fibers in relation to each other.
Myocin head then interacts with ATP to get “recocked”, if myosin still exposed then it
fires again and results in further muscle contration. If there is no further nerve signal,
sarcoplasmic reticulum sequesters Ca+ ions again and no recocking occurs.

Quirari (or curare): known from movies, used in South America, blocks acetylcholine
receptors in cell and causes skeletal paralysis. Victim dies of asphyxiation because he can’t
breathe.

Duchenne's muscular dystrophy: degeneration of sarcolema, plasma membrane of
muscle cell unable to release signal and quickly atrophies.

Fast and slow twitch fibers: vertebrate muscle fiber. Terms relative within one group
of animals. Differences related to differences in enervation, type of myocin, and actin
activation.

Two parts of force generated by muscle: 1. active component 2. elastic component (energy
stored in muscle when stretched by gravity or another force. Stored in muscle elastic tissue
around tendons. Especially important in limb oscillation, like running, or trunk twisting,
like fish swimming. Up to 90% of stored elastic energy can be recovered.)
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How does a muscle match its power to its job? Two ways:

1. rate modulation, derived from frequency of nervous stimulation of muscle, force
increases as frequency of stimulation increases up to point of tetanus.

2. selective involvement of motor units, a given neuron enervates a fixed number of
muscle cells, (a motor unit), and force is increased by recruiting more motor units. Motor
units may be small, such as in eye, or larger, like in leg muscle.

How do muscles grow stronger?

1. add more myofilaments, increases cross sectional area by up to 50%, more little ratchets
working

2. proliferation in blood vessels and connective tissue around muscle

Muscle strength is relative to cross sectional area, not length. Not always feasible to add
more cross sectional area.

Pinnate fibers: oriented obliquely (Y-shaped) to minimize muscle mass, in certain circum-
stances, like calf muscle. Spreads muscle out.

Velocity of shortening greater in long muscle than short. Why? Contraction tied to relation
between fibers, and to total length of muscle. Both long and short muscles reach same
percentage of contraction in same unit time, but distance covered by the longer muscle is
greater.

Synergist muscles: muscles work together to produce motion in same general direction.
Bicep shares work with brachialis.

Antagonist muscles: muscles that oppose each other. Bicep pulls forearm in, triceps pulls
it back out.

Origin vs. insertion: origin is the end of the muscle that more fixed in its attachment to
the body. The more movable end called insertion.

Fixators: muscles that act to stabilize a joint or lever system. Like upper arm when you
clench your fist hard.

Flexors and extensors: applied mainly to limbs. Flexor bends one part relative to another
about limb, extensor straightens it.

Adductor and abductor: adductor draws a limb toward the ventral surface. Abductor
moves limb away from ventral surface. (Adduct: drawn toward; abduct: carry away).
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29 Vertebrate digestive system

Functions to break down food into molecules small enough to absorb, or pass across digestive
membrane.

Digestive tract: tube extending from lips of mouth to anus or cloacae in bird, reptile or
monotreme.

Lumanal glands: empty into inner body cavity (lumen: inner surface).

Tract divided into three main regions: 1. buccal cavity 2. pharynx 3. alimentary canal

Alimentary canal divided into four regions: 1. esophagus 2. stomach 3. small intestine 4.
large intestine

Accessory digestive glands, outside digestive tract proper, secrete into lumen of tract
through ducts. Includes the salivary glands, liver and pancreas.

Buccal cavity, which includes palate and tongue, develops from infolding of stomadeum,
or second opening of blastula, whereas the rest of the digestive tract develops from the
primitive gut.

Teeth: capture and hold prey. In mammals in particular further process and break down
food into small particles, increasing surface area available for enzymatic action.

Tooth anatomy: 1. crown projects above gum, 2. root below gum, 3. enamel is outer
coating of crown, hardest surface in body, of epideral origin 4. dentin, below enamel,
bone-like and forms bulk of tooth, is harder than bone and contains nerves and blood vessels.
(Remember that mammals are heterodontic, with different types of teeth).

Pharynx: air passage for adult, gill slits in embryo. Important in lower vertebrates, site of
gills. Features derived from pharyngeal region: first pharyngeal pouch gives rise to parts
of the ear, other pouches give rise to various other structures.

Alimentary canal: epithelium lines lumen, glands secrete into lumen, longitudinal and
circular muscles help digestive movements (peristalsis).

Esophagus: tube carries food from mouth to stomach. Expands to fit large bolus (lump
of chewed food). Secretes mucus for lubrication. Birds have crop for storage, enlargement
of esophagus.

Epiglottis: keeps food out of air tube, an evolutionary “kludge,” or fix.

Stomach. Absorbs water, alcohol, nutrients, uses gastric juice with enzymes, mucous, HCl,
released by chief and parietal cells (release protein enzymes) in gastric pits. Rugae: folds
of stomach, disappear when full. Sphincter at both ends of stomach, control food passage.

Chyme: semi-digested food released to small intestine.
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Vertebrate digestive system

Small intestine: three regions, duodenum, jejunum, and ileum.

Duodenum site of most intestinal digestion. Jejunum and ileum do most of intestinal
absorption. Ileum ends with another sphincter, ileocolic valve or ileosecal valve. Structure:
Circular folds covered with villi (singular is villus).

Villi: finger-like cellular projections, covered withmicrovilli, tiny projections which increase
surface area. Increases surface area by 900x, speeds digestion (break down) and absorption
(taking in nutrients).

Large intestine: larger diameter, shorter length than small intestine. No villi. In mammals,
forms large gentle loop, colon, empties into straight region, rectum, empties into outside
world through anal sphincter. Colon: absorbs water left over, also absorbs vitamins released
by bacteria which live there (vitamin K).

Food: made up of 1. proteins, 2. fats, 3. carbohydrates 4. fibrous material.

Digestive system breaks foods down. Proteins must be broken to amino acids to be
absorbed. Polysaccharides to monosaccharides, lipids to fatty acids and monoglyc-
erides to absorb.

Salivary glands in mouth, saliva contains mucous, salt and a few enzymes (amalase, begins
starch breakdown). Snake venom from oral gland, mixture of toxins and digestive enzymes.
Breaks down blood vessels and disables nervous system.

Stomach enzymes: released in inactive form, zymogene, converts to active form in lumen
of gut. Transformation is triggered by another enzyme, or the stomach’s low pH. Pepsin
secreted as pepsinogen (-ogen means primitive form). Stomach glands secrete up to two or
three liters a day of gastric juice, which is reabsorbed.

Chyme released to duodenum.

Small intestine has two major accessory glands: 1. pancreas 2. liver

Pancreas has endocrine and exocrine functions, releases large amounts of carbonate to
neutralize acidic chyme, as intestinal enzymes work in neutral pH, and stuff to break down
lipids and starch (zymogens, like tripsin)

Liver releases bile. Bile made from cholesterol, stored in gall bladder, released in
duodenum, emulsifies fats.

Emulsify: keeps fats in tiny drops, which are suspended, increasing surface area and action
of lipases. Protein and carbohydrates absorbed in intestine, taken to liver for processing.
Fatty acids go to lymphatic system

Appendix: vestigial remnant. Much variation in digestive systems within mammals:
herbivore, carnivore, insectivore, non-ruminant herbivore.

Rumen: four-chambered stomach of animals like cows (ruminant herbivores). Cellulose
resistant to digestion, rely on microorganisms to break down cellulose. Some bacteria,
protists and fungi can break down cellulose, almost no animals can. Bacteria break down
cellulose in rumen, to be taken back to the mouth to chew their cud (ruminate). Later cow
swallows to proceed with digestion. (Horses not like this).
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Coprophagy: rabbits and other animals eat their own feces for the nutritious products of
the cecum.
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30 Circulatory system

Circulatory system functions

1. Transportation

a. Respiration: gas exchange (O2 and CO2), overcomes limited rate
of

diffusion

b. Nutrition:<br>
c. Excretory: (remove metabolic wastes)<br>

2. Regulation

a. Transport hormones<br>
b. Regulate body temperature<br>
c. Protection<br>

i. Blood clotting<br>
ii. Immune system (carries white blood cells)

Vasodilation: allows heat loss across epidermis, as seen in elephant ears, takes more blood
to surface of body, sweating may accompany

Countercurrent heat exchange: used by dolphins in fins to conserve heat in cold water.
Veins surround an artery, and blood returning to body absorbs heat from blood traveling
out from body to fin, minimizing heat loss. Used by dogs in feet, etc.

Blood made of 1. plasma and 2. formed cellular elements (red and white blood cells,
and platelets).

Plasma makes up 55% of blood volume. Cellular elements make up the other 45%.

Plasma makeup: 90% water, 7-8% soluble proteins (albumin maintains blood osmotic
integrity, others clot, etc.) 1% electrolytes 1% elements in transit

Red blood cell (erythrocyte): contains hemoglobin, functions in oxygen transport. In
mammals, red blood cells lose nuclei on maturation, and take on biconcave, dimpled, shape.
No self repair, live 120 days. About 1000x more red blood cells than white blood cells.
About 7-8 micrometers in diameter.
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Circulatory system

Hematocrit: proportion of blood volume that is occupied by cells, about 43% in humans
on average. 48% for men and 38% for women.

White blood cells (leukocytes): Nucleated, about 10-14 micrometers in diameter, com-
monly amoeboid, escape circulatory system in capillary beds. Include basophils, eosinophils,
neutrophils, monocytes, B- and T-cell lymphocytes.

Platelets (thrombocytes) Membrane bound cell fragments in mammals, no nucleus. In
non-mammals, platelet role replaced by nucleated cells. Accumulate at site of broken blood
vessels, form clots. Bud off special cells in bone marrow. 1-2 micrometers in diameter. 7-8
day life span, 1/10 or 1/20 as abundant as white blood cells.

Arteries: carry blood away from heart. Smallest tubes called arterioles, feed blood to
capillaries.

Veins: return blood to heart. Smallest veins called venules.

Structure of arteries and veins, listed from inside (lumen) out: 1. epithelium (endothelium),
2. elastic connective tissue fibers, 3. smooth muscle, 4. connective tissue. Arteries
have thicker elastic layer than do veins.

Capillaries, where exchange of materials occurs, are very thin and narrow, and red blood
cells pass through single file. Capillaries are tiny but numerous, and their total volume is
greater than that of supplying arteries.

Blood velocity drops in capillaries, picks back up in veins. Pressure highest in arteries, lower
in capillaries and arteries.

Osmotic pressure draws interstitial fluid from blood in arterioles, but replaces it in venules.

One-way valves mean that blood can flow only one way, works with residual blood pressure
and compression by skeletal muscles. Low pressure in thoracic cavity caused by breathing
also helps move blood.

Lymphatic system: part of the immune system, a one-way, or open, system. Takes up
interstitial fluid not taken up by venules.

Lymphatic structures:

1. lymphatic capillaries

2. lymphatic vesicles

3. lymph nodes

4. lymphatic organs (spleen and thymus)

Lymph: movement in mammals through one-way valves, similar to blood movement in
veins. (Some non-mammals have lymphatic hearts of unknown embryonic origin. Frogs and
salamanders have several.) Lymph rejoins cardiovascular system into a large vein near the
heart via single large thoracic duct.
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As lymph passes through system, passes lymphocytes, second part of immune system.

Heart: pumps blood, design varies between animals. In adult mammal,four chambers form
two separate circulations

1. pulmonary circulation to and from lungs and

2. systemic circulation to and from tissues of body.

Everything in the heart comes in pairs: 2 atria, 2 ventricles (left and right).

Diagrams usually drawn as though animal were on its back.

Pattern of blood flow through heart: blood returning from major veins (vena cava)
enters right atrium, contraction there delivers blood to right ventricle through a tricuspid
valve, one of atrial ventricular valves (AV valve). Contraction of right ventricle drives blood
through semi lunar valve into pulmonary circuit and to lungs.Blood return to heart in
pulmonary veins, is oxygenated. Goes to left atrium, which contracts and delivers blood
to left ventricleby way of aortic semi-lunar valve, then goes to systemic circulation.

Both atria and ventricles contract in unison, left is more powerful than right (to all system
vs. just lungs).

Systole: heart contraction, diastole: heart relaxed

Timing of heart contraction: ventricles rebound to relaxed shape (diastole), and semi-
lunar valves close. Both atria(singular: atrium) fill with blood coming from pulmonary
and systemic circulations.Pressure rises in the atria and blood begins to move into the
ventricles.The atria then contract, forcing more blood into the ventricles. There is a pause,
then ventricles contract. This raises ventricle pressure, atrio-ventricular(AV) valves
shut and semi-lunar valves open, forcing blood from the left ventricle into the major arteries
and from the right ventricle into the aorta.

Control for this action doesn’t rely on nervous stimulation, has intrinsic rhythmicity, called
myogenic. This is the case in mammal as well as in mollusk hearts. Other animals have
neurogenic hearts that rely on nervous stimulation for heart action, originating in the
cardiac ganglion.

The rhythmicity of mammalian heart relies on the sino-atrial (SA)node, or pacemaker.
This is a phylogenic (based on evolutionary history) remnant of an early vertebrate heart
that had one more chamber than modern hearts.

How the heart contracts: waves of depolarization start in SA node and spread
through atria. Connectile tissue pauses the spread of depolarization at the atrial ventricular
node. Signal continued by bundle branches to lower ventricle, begins to stimulate
heart to contract. Contraction starts at bottom of heart at heart apex,then signals spread
through heart.

Medulla (in the brain) controls autonomic nervous system. (The medulla is part of
the brain, is continuous with the spinal cord, and controls involuntary actions of the
body). Sympathetic cardiac acceleratorconnects to spinal cord, uses norepinephrine
to signal. Parasympathetic cardio-inhibitory center reaches heart through Vagus
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nerve, usesacetylcholine to signal. Hyperpolarizes membrane to inhibit heart contraction.
(Autonomic nervous system: two parts working in contra to control from both sides.)
Dominant effect here is inhibitory. If we cut Vagus nerve, heart rate promptly rises about
25 bpm.

154



31 Respiratory system

In humans and other animals, for example, the anatomical features of the respiratory system
include airways, lungs, and the respiratory muscles.

Other animals, such as insects, have respiratory systems with very simple anatomical features,
and in amphibians even the skin plays a vital role in gas exchange.

Plants also have respiratory systems but the directionality of gas exchange can be opposite
to that in animals. The respiratory system in plants also includes anatomical features such
as holes on the undersides of leaves known as stomata.

In mammals, the diaphragm divides the body cavity into the

abdominal cavity: contains the viscera (e.g., stomach and intestines)

thoracic cavity: contains the heart and lungs.

Respiratory tree: terminates in alveolus, alveoli. Respiratory bronchioles branch into
alveolar ducts and into alveoli. Alveolus: microscopic air sacs, 300 million of these in human
lungs. Total surface area large. Gas diffuses micrometer, very tiny distance.

Nervous System

Composed of tissues designed to integrate sensory information and direct a coordinated
response to the environment.

Basic unit of the nervous system is the neuron1, a highly specialized cell that uses both
electrical and chemical processes to communicate. Neurons "listen" to sensory organs or
other neurons, and can simultaneously "hear" from 1 to hundreds of inputs simultaneously.
Likewise, a neuron can "talk" to other neurons or cells that can create an action, like muscle
cells or glands.

Neurons are outnumbered in the nervous system by glia. Glia were once thought to only play
a supportive role in helping neurons survive; today we know that they also are important
participants in the communication process. Glial cells include astrocytes, ependymal cells,
and a cell that has a macrophage like function. There are also oligodendocytes and Schwann
cells that provide a myelin sheath.

1 http://en.wikipedia.org/wiki/Neuron
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Respiratory system

31.1 Neuron structure

Figure 9 Neuron

• Dendrite will receive information from other axons
• Stoma is the neuron body and contains typical cell parts including the mitochondria and

nucleus. This is where neurotransmitters are synthesized.
• Axon hillock is where the cell body and the axon meet.
• Axon is surrounded by myelin.

• Contains nodes of Ranvier

Types of axons include unipolar, bipolar, pseudopolar.

Action potentials results from excitatory stimuli received from the dendrites that results
in a signal that travels down the axon. On the cellular level, there is a Na+ influx via
channels causing a depolarization of the cell. Once those channels close, the slower opening
K+ channels will open resulting in hyperpolarization by the cell.

Synapses

Neurotransmitters allow a chemical signal to be sent from one neuron to the other. Neuro-
transmitters must bypass a physical gap called the synapse. Examples of neurotransmitters
include acetylcholine, epinephrine, and glutamate.

Example : Neuromuscular synapses
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Circuits / Nuclei / Ganglia

31.2 Central nervous system

Central nervous system includes the brain and the spinal cord.

Brain There are four lobes of the brain.

• Frontal lobe - decision making
• Parietal lobe
• Temporal lobe
• Occipital lobe - vision

The areas of the brain are also dedicated to different functions.

• Precentral gyrus
• Postcentral gyrus

Protection The CNS is protected by three layers - the pia mater, the arachnoid mater, and
the dura mater. Protection also comes from the circulation of cerebral spinal fluid (CSF).
CSF helps to float the brain and also provide nutrients to both the brain and the spinal
cord. CSF is synthesized from the choroid plexus of the lateral ventricles. In total, there are
four ventricles - 2 lateral ventricles, a 3rd, and 4th ventricle.

31.3 Peripheral nervous system

The peripheral nervous system is broken down into two sub-systems, the somatic nervous
system and the autonomic nervous system.

ANS - Autonomic Nervous System The ANS has two components - parasympathetic and
sympathetic.

The sympathetic nervous system is the "fight or flight" or fright response and results in an
increased heart rate, increased rate of breathing, and an elevated blood glucose level. There
is also decreased digestion. The second neurotransmitter is epinephrine. In this case, the
first neuron is short and the second neuron is long.

The parasympathetic nervous system is the rest and digest system.

Drugs must be able to pass the blood brain barrier to have an effect on the CNS. Drugs act
by affecting the neuron and how likely it is to fire an action potential.

Stroke occurs when there is a blood clot that goes to the brain and prevent blood flow.
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32 Sensory systems

Categorized by

1. nature of stimulus, such as mechanical, chemicalor light stimulus, and

2. where stimulus received, such as outside (exteroceptors,such as the eye and
skin temp receptors) or insidebody (interoceptors, such as blood body tem-
perature receptors).

Transduction of sensory input into signal. Means to “carry across”,signal transduced, or
carried, from environment into nervous signal.

Three sensory processes we cover

1. taste and smell (chemoreception)

2. gravity and movement

3. light

32.1 Taste and smell (chemoreception)

Found in mammal nose and mouth, fly feet, fish bodies, moth antennae.

Papilla: bumps on tongue, contain taste buds down between. Sweet, sour, salty and bitter.
Some act directly by ion channels, others act indirectly. Other “taste” sensations really
smell.

Smell: received in nasopharynx. Airborne molecules go into solution on moist epithelial
surface of nasal passage. Approximately 1000 genescode for sensory neuron receptors. “Fried
onions” odor not one receptor but a mixture of many odors registered in our mind as one.
Very sensitive, habituates rapidly (don’t notice a smell after a bit). Odor sensation has
relatively unfiltered root to higher brain centers.

Snakes more chemosensory focused than us.

32.2 Response to gravity and movement

Registered in inner ear. Three semicircular canals loop in three planes at right angles
to each other, responsible for transduction of movement messages. Method: hair cells
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deformed by gelatinous membrane. Vestibular apparatus, gives us perception of gravity
and movement. Due to physical response, not chemical binding.

Cochlea: bony, coil shaped part of inner ear, where hearing occurs.

Sound enters through auditory canal, vibrates tympanic membrane,moving three bones
of middle ear (malleus, incus, and stapes)against oval window opening in front of cochlea.
Cochlea has three fluid filled ducts, one of these the organ of Corti. Sound waves in air
go to vibration in organ of Corti; fluid tickles hair cells, which register the movement
along basilar membrane in cochlea. Different sound frequencies move different portions
of basilar membrane. Hearing loss due to loss of hair cells.Humans normally smell more
than 300 odors in a day(Facts and Truth).

Transduction of sound accomplished throgh physical deformation,not chemical binding.

32.3 Vision

Light enters pupil, focused by lensonto retina.

Sclera: hardened part behind retina.

Optic nerves and neurons attached to retina. Blind spot where optic nerve attaches, has
no receptors.

Two types of photoreceptors

1. rods - black and white low-light vision, 100 million in each retina in humans.

2. cones - color vision, work best under better illumination. 3 million in each retina.

Fovia: region of most acute vision, has most of the cones, few rods.

Transduction process of light to signal a molecular change, to light absorbing molecule
called photopigment. Located in outer parts of rods and cones in pigment discs. The rod
photopigment is called rhodopsin,cone has three photopigments, called photopsins. This
molecular change initiates pathways to result in action potential in downstream neuron
leading to vision center in brain.Parul Godika

Each of the three photopsins has a different peak of sensitivity: blue,green or red, and
changes isometric form (from cisto trans) based on light from a particular wavelength
range. Color blindness:inherited lack of one or more types of these cones. Gene carried on X
chromosome, therefore more common in men than women.

32.4 Homeostasis

Is a very important part of everyone's and everything's lives. Defined as dynamic con-
stancy of internal environment, maintenance of a relatively stable environment inside
an organism usually involving feedback regulation.
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Osmotic environments and regulations

Homeostasis is maintained in face of

1. a varying external environment, or
2. a non-ideal, constant external environment (as with the penguin).

Deals with temperature, pH, chemical concentrations,pressure, oxygen levels.

Occurs through negative feedback loops.

Various forms: simple thermostat in house turns off heater when above a certain temperature
and on when below a certain temperature Involves stimulus, sensor,integrating center,
effector and response.

More efficient control has two sensors and two effectors. Can be antagonistic to each
other, such as, one cools, the other heats.

Precise control through proportional control, not all-or-none, furnace comes on a little
bit if the house a bit cold. Examples in humans: vasoconstriction, change in metabolic rate,
shivering. Physiological responses for high body temp: blood goes to body surface, sweating,
behavioral changes (get out of sun).

Positive feedback loop: effector increases deviation from set point. Amplifies reaction.
Like blood clotting process, uterine contraction during childbirth. Negative feedback must
exist at some point for control.

32.5 Osmotic environments and regulations

1. Marine invertebrates
a) fully marine invertebrates (not intertidal or estuarine) osmoconformers (set

internal environment same as environment, no net flow of ions) in a stenohaline
(narrow non-changing salt level) environment

b) Coastal, intertidal, estuarine (ion levels fluctuate) invertebrates.Partly osmo-
confomers, partly osmoregulators in a euryhaline (wide salt level variation)
environment (ex: shore crab, regulates sometimes when salt levels in environment
get real low).

2. Freshwater animals. Here, environment has lower solute concentrations than do
living organisms so water tends to flow in and solutes out.
a) Freshwater fish (bony) dilute urine, and gills actively take up ions (NaCl)
b) Freshwater invertebrates: same situation as freshwater fish but with different

structures
c) Freshwater amphibians: active uptake of salts across their skin

3. Marine fishes: Here the environment has a higher solute concentration than does
the organism so water tends to flow out and ions in.
a) Bony fishes: actively secrete salts (NaCl) across gills, absorb water across gut

wall, their kidney (unlike mammalian kidney) is unable to generate concentrated
urine so glomerulus is reduced, active tubular secretion of MgSO4

b) cartilaginous fishes (and coelacanth): blood retains urea and trimethylamineoxide
to increase its osmolality to that of seawater
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4. Terrestrial animals: here problem is loss of water to a drier environment, and
regulation of salt levels.
a) water loss adaptations
b) concentrated exception of salts and nitrogenous wastes

Hypoosmotic: having less osmotic potential than nearby fluid

Hyperosmotic: having more osmotic potential than nearby fluid

Isoosmotic: having equal osmotic potential than nearby fluid

Glomerulus: reduces volume of kidney

Fish started in salt water, spread to fresh water, later reinvaded salt-water environment.

Terrestrial animal water sources:

1. drinking

2. moist foods

3. from breakdown of metabolic molecules like fats. (Desert kangaroo rats get 90% of their
water from metabolism.)

Secretion of nitrogenous wastes: from metabolism of amino acids, amino group has to be
removed in one of three basically interchangeable chemical forms:

1. ammonia (aquatic life)

2. urea (mammals)

3. uric acid (birds)

Ammonia very toxic, soluble, and cheap to produce. Easy to expel for bony fishes.

Urea: low toxicity, good solubility, more costly to lose as it contains other groups on it.
Must be released in solution, water cost.

Uric acid (white part of bird poo) low toxicity, insoluble, secreted with little water loss,
more costly side groups lost than the others.

Mammalian kidney: Structure: fist-sized organ in lower back. About 1/5 of blood from
aorta at any time is passing through kidneys. Blood passes through kidney many times a
day.

Nephron: structural and functional unit of kidney.

Bowmans capsule: funnel-like opening, contains primary filter, the glomerulus.

Proximal convoluted tubule: receives stuff from Bowmans capsule.

Loop of Henle: descends and ascends.

162



Osmotic environments and regulations

Vasa recta: capillaries that surround the Loop of Henle.

Glomerulus: main filter of the nephron, located within the Bowman's capsule

Kidney properties and processes important to its function

1. Active transport of solutes from one fluid to another against a concentration gradient,
Na+ actively transported out of filtrate by cells of the thick ascending loop of Henley into
the interstitial fluid

2. Passive movement of solutes and water from one fluid to another(down a concen-
tration gradient), movement of water and NaCl out of descending loop of Henley into
interstitial fluid.

3. Differential permeability of cells in different regions of the nephron to movement
of water and solutes, ascending thick look is impermeable to water, descending portion is
permeable to water

4. Hormonal control of that permeability, antidiuretic hormone(ADH) increases
permeability of collecting due to water, resulting in reduced volume of filtrate and thus
more concentrated urine.

5. Increasing solute concentration in the interstitial fluid of the kidney, from the
cortex to the deepest medulla, maintained by a countercurrent multiplier mechanism
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33 Additional material

• Francis Crick1 chemist and molecular biologist, discovered structure of DNA molecule
• Charles Darwin2 the father of the science of evolutionary biology
• Richard Dawkins3 zoologist and biology populariser
• Stephen Jay Gould4 paleontologist and science populariser
• J.B.S. Haldane5 geneticist and evolutionary biologist, founded population genetics and the

modern synthesis
• Bill Hamilton6 formulated theory of inclusive fitness and kin selection
• Thomas Huxley7 "Darwin's Bulldog", early evolutionary biologist and science populariser
• Lynn Margulis8 introduced the theory of eukaryotic cell origin through endosymbiosis
• Barbara McClintock9 geneticist and molecular biologist, discovered transposons
• Gregor Mendel10 discovered the basic rules of heredity
• Ernst Mayr11 evolutionary biologist and science populariser
• Mark Ridley12 science populariser
• Fred Sanger13 founder of DNA and protein sequencing techniques
• John Maynard Smith14 evolutionary biologist and science populariser
• Alfred Russel Wallace15 evolutionary biologist
• James Watson16 molecular biologist, discovered structure of DNA molecule
• Edward Wilson17 founded "sociobiology"

This book is intended as a compilation of biographies describing the lives and work of
influential biologists.

1 http://en.wikipedia.org/wiki/Francis%20Crick

2 http://en.wikibooks.org/wiki/General%20Biology%2FGallery%20of%20Biologists%2FCharles%
20Darwin

3 http://en.wikipedia.org/wiki/Richard%20Dawkins
4 http://en.wikipedia.org/wiki/Stephen%20Jay%20Gould
5 http://en.wikipedia.org/wiki/J.B.S.%20Haldane
6 http://en.wikipedia.org/wiki/William%20Hamilton
7 http://en.wikipedia.org/wiki/Thomas%20Huxley
8 http://en.wikipedia.org/wiki/Lynn%20Margulis
9 http://en.wikipedia.org/wiki/Barbara%20McClintock
10 http://en.wikipedia.org/wiki/Gregor%20Mendel
11 http://en.wikipedia.org/wiki/Ernst%20Mayr
12 http://en.wikipedia.org/wiki/Mark%20Ridley
13 http://en.wikipedia.org/wiki/Fred%20Sanger
14 http://en.wikipedia.org/wiki/John%20Maynard%20Smith
15 http://en.wikipedia.org/wiki/Alfred%20Russel%20Wallace
16 http://en.wikipedia.org/wiki/James%20Watson
17 http://en.wikipedia.org/wiki/Edward%20O.%20Wilson
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Additional material

33.1 External Links

• EvoWiki: List of Biologists18

18 http://wiki.cotch.net/index.php/List_of_biologists
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34 Glossary

• Autotroph1: an organism which can make its own energy
• Cell2: Fundamental structural unit of all living things
• Ether3:
• Eukaryote4: an organism5 with a nucleus
• Exoenzyme6: an enzyme used to break down organic molecules7 outside the body
• Glycerol8:
• Heterotroph9: an organism which can not make its own energy
• Hydrocarbon10: an organic compound that contains carbon11 and hydrogen12 only.
• Lipid13: fatty acid14 esters15 which form the basis of cell membranes
• Nucleus16: Membrane17-bound organelle18 which contains the chromosomes19

• Prokaryote20: an organism with no nucleus
• Seed:
• Flower:
• Tracheid:
• Haploid: A cell with a single set of chromosomes (23 in humans), in humans this is

usually in gametes. This is commonly represented by n.
• Diploid: A cell with two sets of chromosomes (46 in humans). This is commonly

represented by 2n.
• Sporangium:

1 http://en.wikibooks.org/wiki/Autotroph
2 http://en.wikibooks.org/wiki/Cell
3 http://en.wikibooks.org/wiki/Ether
4 http://en.wikibooks.org/wiki/Eukaryote
5 http://en.wikibooks.org/wiki/organism
6 http://en.wikibooks.org/wiki/Exoenzyme
7 http://en.wikibooks.org/wiki/organic%20molecule
8 http://en.wikibooks.org/wiki/Glycerol
9 http://en.wikibooks.org/wiki/Heterotroph
10 http://en.wikibooks.org/wiki/Hydrocarbon
11 http://en.wikibooks.org/wiki/Carbon
12 http://en.wikibooks.org/wiki/Hydrogen
13 http://en.wikibooks.org/wiki/Lipid
14 http://en.wikibooks.org/wiki/fatty%20acid
15 http://en.wikibooks.org/wiki/ester
16 http://en.wikibooks.org/wiki/Cell%20nucleus
17 http://en.wikibooks.org/wiki/Membrane
18 http://en.wikibooks.org/wiki/organelle
19 http://en.wikibooks.org/wiki/chromosome
20 http://en.wikibooks.org/wiki/Prokaryote
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Glossary

The majority of the modules making up this book are based on notes very generously donated
by Paul Doerder, Ph.D.21 and Ralph Gibson, Ph.D.22 both currently of the Cleveland
State University23.

The book was initiated by Karl Wick24, who donated many of his own class notes for other
modules, and who is fleshing out the outline format of Dr. Doerder's notes into text.

34.1 Users

Alsocal25

Darren Hess26 MD/PhD recent grad, enjoys teaching, hopes to help work up the Nervous
System Tissue section.

21 http://bgesweb.artscipub.csuohio.edu/faculty/doerder.htm
22 http://bgesweb.artscipub.csuohio.edu/faculty/gibson.htm
23 http://www.csuohio.edu/
24 http://en.wikibooks.org/wiki/User%3AKarl%20Wick
25 http://en.wikibooks.org/wiki/User%3AAlsocal
26 http://en.wikibooks.org/wiki/User%3Admhessmdphd
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36 Licenses

36.1 GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc.
<http://fsf.org/>

Everyone is permitted to copy and distribute verba-
tim copies of this license document, but changing
it is not allowed. Preamble

The GNU General Public License is a free, copyleft
license for software and other kinds of works.

The licenses for most software and other practi-
cal works are designed to take away your freedom
to share and change the works. By contrast, the
GNU General Public License is intended to guaran-
tee your freedom to share and change all versions
of a program–to make sure it remains free software
for all its users. We, the Free Software Foundation,
use the GNU General Public License for most of our
software; it applies also to any other work released
this way by its authors. You can apply it to your
programs, too.

When we speak of free software, we are referring
to freedom, not price. Our General Public Li-
censes are designed to make sure that you have
the freedom to distribute copies of free software
(and charge for them if you wish), that you receive
source code or can get it if you want it, that you
can change the software or use pieces of it in new
free programs, and that you know you can do these
things.

To protect your rights, we need to prevent others
from denying you these rights or asking you to sur-
render the rights. Therefore, you have certain re-
sponsibilities if you distribute copies of the soft-
ware, or if you modify it: responsibilities to respect
the freedom of others.

For example, if you distribute copies of such a pro-
gram, whether gratis or for a fee, you must pass
on to the recipients the same freedoms that you re-
ceived. You must make sure that they, too, receive
or can get the source code. And you must show
them these terms so they know their rights.

Developers that use the GNU GPL protect your
rights with two steps: (1) assert copyright on the
software, and (2) offer you this License giving you
legal permission to copy, distribute and/or modify
it.

For the developers’ and authors’ protection, the
GPL clearly explains that there is no warranty for
this free software. For both users’ and authors’
sake, the GPL requires that modified versions be
marked as changed, so that their problems will not
be attributed erroneously to authors of previous
versions.

Some devices are designed to deny users access to
install or run modified versions of the software in-
side them, although the manufacturer can do so.
This is fundamentally incompatible with the aim
of protecting users’ freedom to change the software.
The systematic pattern of such abuse occurs in the
area of products for individuals to use, which is
precisely where it is most unacceptable. Therefore,
we have designed this version of the GPL to pro-
hibit the practice for those products. If such prob-
lems arise substantially in other domains, we stand
ready to extend this provision to those domains in
future versions of the GPL, as needed to protect
the freedom of users.

Finally, every program is threatened constantly by
software patents. States should not allow patents
to restrict development and use of software on
general-purpose computers, but in those that do,
we wish to avoid the special danger that patents
applied to a free program could make it effectively
proprietary. To prevent this, the GPL assures that
patents cannot be used to render the program non-
free.

The precise terms and conditions for copying, dis-
tribution and modification follow. TERMS AND
CONDITIONS 0. Definitions.

“This License” refers to version 3 of the GNU Gen-
eral Public License.

“Copyright” also means copyright-like laws that ap-
ply to other kinds of works, such as semiconductor
masks.

“The Program” refers to any copyrightable work
licensed under this License. Each licensee is ad-
dressed as “you”. “Licensees” and “recipients” may
be individuals or organizations.

To “modify” a work means to copy from or adapt
all or part of the work in a fashion requiring copy-
right permission, other than the making of an exact
copy. The resulting work is called a “modified ver-
sion” of the earlier work or a work “based on” the
earlier work.

A “covered work” means either the unmodified Pro-
gram or a work based on the Program.

To “propagate” a work means to do anything with it
that, without permission, would make you directly
or secondarily liable for infringement under appli-
cable copyright law, except executing it on a com-
puter or modifying a private copy. Propagation in-
cludes copying, distribution (with or without mod-
ification), making available to the public, and in
some countries other activities as well.

To “convey” a work means any kind of propagation
that enables other parties to make or receive copies.
Mere interaction with a user through a computer

network, with no transfer of a copy, is not convey-
ing.

An interactive user interface displays “Appropriate
Legal Notices” to the extent that it includes a con-
venient and prominently visible feature that (1) dis-
plays an appropriate copyright notice, and (2) tells
the user that there is no warranty for the work (ex-
cept to the extent that warranties are provided),
that licensees may convey the work under this Li-
cense, and how to view a copy of this License. If
the interface presents a list of user commands or
options, such as a menu, a prominent item in the
list meets this criterion. 1. Source Code.

The “source code” for a work means the preferred
form of the work for making modifications to it.
“Object code” means any non-source form of a
work.

A “Standard Interface” means an interface that ei-
ther is an official standard defined by a recognized
standards body, or, in the case of interfaces spec-
ified for a particular programming language, one
that is widely used among developers working in
that language.

The “System Libraries” of an executable work in-
clude anything, other than the work as a whole,
that (a) is included in the normal form of packag-
ing a Major Component, but which is not part of
that Major Component, and (b) serves only to en-
able use of the work with that Major Component,
or to implement a Standard Interface for which an
implementation is available to the public in source
code form. A “Major Component”, in this context,
means a major essential component (kernel, window
system, and so on) of the specific operating system
(if any) on which the executable work runs, or a
compiler used to produce the work, or an object
code interpreter used to run it.

The “Corresponding Source” for a work in object
code form means all the source code needed to gen-
erate, install, and (for an executable work) run
the object code and to modify the work, including
scripts to control those activities. However, it does
not include the work’s System Libraries, or general-
purpose tools or generally available free programs
which are used unmodified in performing those ac-
tivities but which are not part of the work. For
example, Corresponding Source includes interface
definition files associated with source files for the
work, and the source code for shared libraries and
dynamically linked subprograms that the work is
specifically designed to require, such as by intimate
data communication or control flow between those
subprograms and other parts of the work.

The Corresponding Source need not include any-
thing that users can regenerate automatically from
other parts of the Corresponding Source.

The Corresponding Source for a work in source code
form is that same work. 2. Basic Permissions.

All rights granted under this License are granted
for the term of copyright on the Program, and are
irrevocable provided the stated conditions are met.
This License explicitly affirms your unlimited per-
mission to run the unmodified Program. The out-
put from running a covered work is covered by this
License only if the output, given its content, con-
stitutes a covered work. This License acknowledges
your rights of fair use or other equivalent, as pro-
vided by copyright law.

You may make, run and propagate covered works
that you do not convey, without conditions so long
as your license otherwise remains in force. You may
convey covered works to others for the sole purpose
of having them make modifications exclusively for
you, or provide you with facilities for running those
works, provided that you comply with the terms
of this License in conveying all material for which
you do not control copyright. Those thus making or
running the covered works for you must do so exclu-
sively on your behalf, under your direction and con-
trol, on terms that prohibit them from making any
copies of your copyrighted material outside their
relationship with you.

Conveying under any other circumstances is permit-
ted solely under the conditions stated below. Subli-
censing is not allowed; section 10 makes it unneces-
sary. 3. Protecting Users’ Legal Rights From Anti-
Circumvention Law.

No covered work shall be deemed part of an effec-
tive technological measure under any applicable law
fulfilling obligations under article 11 of the WIPO
copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumven-
tion of such measures.

When you convey a covered work, you waive any
legal power to forbid circumvention of technologi-
cal measures to the extent such circumvention is ef-
fected by exercising rights under this License with
respect to the covered work, and you disclaim any
intention to limit operation or modification of the
work as a means of enforcing, against the work’s
users, your or third parties’ legal rights to forbid
circumvention of technological measures. 4. Con-
veying Verbatim Copies.

You may convey verbatim copies of the Program’s
source code as you receive it, in any medium, pro-
vided that you conspicuously and appropriately
publish on each copy an appropriate copyright no-
tice; keep intact all notices stating that this License
and any non-permissive terms added in accord with
section 7 apply to the code; keep intact all notices
of the absence of any warranty; and give all recipi-
ents a copy of this License along with the Program.

You may charge any price or no price for each copy
that you convey, and you may offer support or war-
ranty protection for a fee. 5. Conveying Modified
Source Versions.

You may convey a work based on the Program, or
the modifications to produce it from the Program,
in the form of source code under the terms of sec-
tion 4, provided that you also meet all of these con-
ditions:

* a) The work must carry prominent notices stating
that you modified it, and giving a relevant date. *
b) The work must carry prominent notices stating
that it is released under this License and any con-
ditions added under section 7. This requirement
modifies the requirement in section 4 to “keep in-
tact all notices”. * c) You must license the entire
work, as a whole, under this License to anyone who
comes into possession of a copy. This License will
therefore apply, along with any applicable section 7
additional terms, to the whole of the work, and all
its parts, regardless of how they are packaged. This
License gives no permission to license the work in
any other way, but it does not invalidate such per-
mission if you have separately received it. * d) If
the work has interactive user interfaces, each must
display Appropriate Legal Notices; however, if the
Program has interactive interfaces that do not dis-
play Appropriate Legal Notices, your work need not
make them do so.

A compilation of a covered work with other sepa-
rate and independent works, which are not by their
nature extensions of the covered work, and which
are not combined with it such as to form a larger
program, in or on a volume of a storage or distri-
bution medium, is called an “aggregate” if the com-
pilation and its resulting copyright are not used to
limit the access or legal rights of the compilation’s
users beyond what the individual works permit. In-
clusion of a covered work in an aggregate does not
cause this License to apply to the other parts of the
aggregate. 6. Conveying Non-Source Forms.

You may convey a covered work in object code form
under the terms of sections 4 and 5, provided that
you also convey the machine-readable Correspond-
ing Source under the terms of this License, in one
of these ways:

* a) Convey the object code in, or embodied in,
a physical product (including a physical distribu-
tion medium), accompanied by the Corresponding
Source fixed on a durable physical medium custom-
arily used for software interchange. * b) Convey the
object code in, or embodied in, a physical product
(including a physical distribution medium), accom-
panied by a written offer, valid for at least three
years and valid for as long as you offer spare parts
or customer support for that product model, to
give anyone who possesses the object code either
(1) a copy of the Corresponding Source for all the
software in the product that is covered by this Li-
cense, on a durable physical medium customarily
used for software interchange, for a price no more
than your reasonable cost of physically performing
this conveying of source, or (2) access to copy the
Corresponding Source from a network server at no
charge. * c) Convey individual copies of the object
code with a copy of the written offer to provide
the Corresponding Source. This alternative is al-
lowed only occasionally and noncommercially, and
only if you received the object code with such an of-
fer, in accord with subsection 6b. * d) Convey the
object code by offering access from a designated
place (gratis or for a charge), and offer equivalent
access to the Corresponding Source in the same way
through the same place at no further charge. You
need not require recipients to copy the Correspond-
ing Source along with the object code. If the place
to copy the object code is a network server, the Cor-
responding Source may be on a different server (op-
erated by you or a third party) that supports equiv-
alent copying facilities, provided you maintain clear
directions next to the object code saying where to
find the Corresponding Source. Regardless of what
server hosts the Corresponding Source, you remain
obligated to ensure that it is available for as long
as needed to satisfy these requirements. * e) Con-
vey the object code using peer-to-peer transmission,
provided you inform other peers where the object
code and Corresponding Source of the work are be-
ing offered to the general public at no charge under
subsection 6d.

A separable portion of the object code, whose
source code is excluded from the Corresponding
Source as a System Library, need not be included
in conveying the object code work.

A “User Product” is either (1) a “consumer prod-
uct”, which means any tangible personal property
which is normally used for personal, family, or
household purposes, or (2) anything designed or
sold for incorporation into a dwelling. In deter-
mining whether a product is a consumer product,
doubtful cases shall be resolved in favor of cover-
age. For a particular product received by a par-
ticular user, “normally used” refers to a typical or
common use of that class of product, regardless of
the status of the particular user or of the way in
which the particular user actually uses, or expects
or is expected to use, the product. A product is a
consumer product regardless of whether the prod-
uct has substantial commercial, industrial or non-
consumer uses, unless such uses represent the only
significant mode of use of the product.

“Installation Information” for a User Product
means any methods, procedures, authorization
keys, or other information required to install and
execute modified versions of a covered work in that
User Product from a modified version of its Corre-
sponding Source. The information must suffice to
ensure that the continued functioning of the modi-
fied object code is in no case prevented or interfered
with solely because modification has been made.

If you convey an object code work under this sec-
tion in, or with, or specifically for use in, a User
Product, and the conveying occurs as part of a
transaction in which the right of possession and
use of the User Product is transferred to the re-
cipient in perpetuity or for a fixed term (regard-
less of how the transaction is characterized), the
Corresponding Source conveyed under this section
must be accompanied by the Installation Informa-
tion. But this requirement does not apply if neither
you nor any third party retains the ability to install
modified object code on the User Product (for ex-
ample, the work has been installed in ROM).

The requirement to provide Installation Informa-
tion does not include a requirement to continue to
provide support service, warranty, or updates for a
work that has been modified or installed by the re-
cipient, or for the User Product in which it has been
modified or installed. Access to a network may be
denied when the modification itself materially and
adversely affects the operation of the network or
violates the rules and protocols for communication
across the network.

Corresponding Source conveyed, and Installation
Information provided, in accord with this section
must be in a format that is publicly documented
(and with an implementation available to the public
in source code form), and must require no special
password or key for unpacking, reading or copying.
7. Additional Terms.

“Additional permissions” are terms that supplement
the terms of this License by making exceptions from
one or more of its conditions. Additional permis-
sions that are applicable to the entire Program
shall be treated as though they were included in
this License, to the extent that they are valid un-
der applicable law. If additional permissions apply
only to part of the Program, that part may be used
separately under those permissions, but the entire
Program remains governed by this License without
regard to the additional permissions.

When you convey a copy of a covered work, you may
at your option remove any additional permissions
from that copy, or from any part of it. (Additional
permissions may be written to require their own re-
moval in certain cases when you modify the work.)
You may place additional permissions on material,
added by you to a covered work, for which you have
or can give appropriate copyright permission.

Notwithstanding any other provision of this Li-
cense, for material you add to a covered work, you
may (if authorized by the copyright holders of that
material) supplement the terms of this License with
terms:

* a) Disclaiming warranty or limiting liability dif-
ferently from the terms of sections 15 and 16 of this
License; or * b) Requiring preservation of specified
reasonable legal notices or author attributions in
that material or in the Appropriate Legal Notices
displayed by works containing it; or * c) Prohibit-
ing misrepresentation of the origin of that material,
or requiring that modified versions of such material
be marked in reasonable ways as different from the
original version; or * d) Limiting the use for pub-
licity purposes of names of licensors or authors of
the material; or * e) Declining to grant rights under
trademark law for use of some trade names, trade-
marks, or service marks; or * f) Requiring indem-
nification of licensors and authors of that material
by anyone who conveys the material (or modified
versions of it) with contractual assumptions of lia-
bility to the recipient, for any liability that these
contractual assumptions directly impose on those
licensors and authors.

All other non-permissive additional terms are con-
sidered “further restrictions” within the meaning of
section 10. If the Program as you received it, or any
part of it, contains a notice stating that it is gov-
erned by this License along with a term that is a
further restriction, you may remove that term. If a
license document contains a further restriction but
permits relicensing or conveying under this License,
you may add to a covered work material governed
by the terms of that license document, provided
that the further restriction does not survive such
relicensing or conveying.

If you add terms to a covered work in accord with
this section, you must place, in the relevant source
files, a statement of the additional terms that ap-
ply to those files, or a notice indicating where to
find the applicable terms.

Additional terms, permissive or non-permissive,
may be stated in the form of a separately written
license, or stated as exceptions; the above require-
ments apply either way. 8. Termination.

You may not propagate or modify a covered work
except as expressly provided under this License.
Any attempt otherwise to propagate or modify it is
void, and will automatically terminate your rights
under this License (including any patent licenses
granted under the third paragraph of section 11).

However, if you cease all violation of this License,
then your license from a particular copyright holder
is reinstated (a) provisionally, unless and until the
copyright holder explicitly and finally terminates
your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some
reasonable means prior to 60 days after the cessa-
tion.

Moreover, your license from a particular copyright
holder is reinstated permanently if the copyright
holder notifies you of the violation by some reason-
able means, this is the first time you have received
notice of violation of this License (for any work)
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from that copyright holder, and you cure the vi-
olation prior to 30 days after your receipt of the
notice.

Termination of your rights under this section does
not terminate the licenses of parties who have re-
ceived copies or rights from you under this License.
If your rights have been terminated and not perma-
nently reinstated, you do not qualify to receive new
licenses for the same material under section 10. 9.
Acceptance Not Required for Having Copies.

You are not required to accept this License in or-
der to receive or run a copy of the Program. Ancil-
lary propagation of a covered work occurring solely
as a consequence of using peer-to-peer transmission
to receive a copy likewise does not require accep-
tance. However, nothing other than this License
grants you permission to propagate or modify any
covered work. These actions infringe copyright if
you do not accept this License. Therefore, by mod-
ifying or propagating a covered work, you indicate
your acceptance of this License to do so. 10. Auto-
matic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient
automatically receives a license from the original
licensors, to run, modify and propagate that work,
subject to this License. You are not responsible
for enforcing compliance by third parties with this
License.

An “entity transaction” is a transaction transfer-
ring control of an organization, or substantially all
assets of one, or subdividing an organization, or
merging organizations. If propagation of a cov-
ered work results from an entity transaction, each
party to that transaction who receives a copy of the
work also receives whatever licenses to the work the
party’s predecessor in interest had or could give un-
der the previous paragraph, plus a right to posses-
sion of the Corresponding Source of the work from
the predecessor in interest, if the predecessor has it
or can get it with reasonable efforts.

You may not impose any further restrictions on the
exercise of the rights granted or affirmed under this
License. For example, you may not impose a license
fee, royalty, or other charge for exercise of rights
granted under this License, and you may not ini-
tiate litigation (including a cross-claim or counter-
claim in a lawsuit) alleging that any patent claim
is infringed by making, using, selling, offering for
sale, or importing the Program or any portion of it.
11. Patents.

A “contributor” is a copyright holder who autho-
rizes use under this License of the Program or a
work on which the Program is based. The work
thus licensed is called the contributor’s “contribu-
tor version”.

A contributor’s “essential patent claims” are all
patent claims owned or controlled by the contribu-
tor, whether already acquired or hereafter acquired,
that would be infringed by some manner, permit-
ted by this License, of making, using, or selling its
contributor version, but do not include claims that
would be infringed only as a consequence of further
modification of the contributor version. For pur-
poses of this definition, “control” includes the right
to grant patent sublicenses in a manner consistent
with the requirements of this License.

Each contributor grants you a non-exclusive, world-
wide, royalty-free patent license under the contrib-
utor’s essential patent claims, to make, use, sell, of-
fer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.

In the following three paragraphs, a “patent li-
cense” is any express agreement or commitment,
however denominated, not to enforce a patent (such
as an express permission to practice a patent or
covenant not to sue for patent infringement). To
“grant” such a patent license to a party means to
make such an agreement or commitment not to en-
force a patent against the party.

If you convey a covered work, knowingly relying
on a patent license, and the Corresponding Source
of the work is not available for anyone to copy,
free of charge and under the terms of this License,
through a publicly available network server or other
readily accessible means, then you must either (1)
cause the Corresponding Source to be so available,
or (2) arrange to deprive yourself of the benefit
of the patent license for this particular work, or
(3) arrange, in a manner consistent with the re-
quirements of this License, to extend the patent
license to downstream recipients. “Knowingly re-
lying” means you have actual knowledge that, but
for the patent license, your conveying the covered
work in a country, or your recipient’s use of the cov-
ered work in a country, would infringe one or more
identifiable patents in that country that you have
reason to believe are valid.

If, pursuant to or in connection with a single trans-
action or arrangement, you convey, or propagate
by procuring conveyance of, a covered work, and
grant a patent license to some of the parties re-
ceiving the covered work authorizing them to use,
propagate, modify or convey a specific copy of the
covered work, then the patent license you grant is
automatically extended to all recipients of the cov-
ered work and works based on it.

A patent license is “discriminatory” if it does not in-
clude within the scope of its coverage, prohibits the
exercise of, or is conditioned on the non-exercise
of one or more of the rights that are specifically
granted under this License. You may not convey a
covered work if you are a party to an arrangement
with a third party that is in the business of dis-
tributing software, under which you make payment
to the third party based on the extent of your ac-
tivity of conveying the work, and under which the
third party grants, to any of the parties who would
receive the covered work from you, a discrimina-
tory patent license (a) in connection with copies
of the covered work conveyed by you (or copies
made from those copies), or (b) primarily for and in
connection with specific products or compilations
that contain the covered work, unless you entered
into that arrangement, or that patent license was
granted, prior to 28 March 2007.

Nothing in this License shall be construed as ex-
cluding or limiting any implied license or other de-
fenses to infringement that may otherwise be avail-
able to you under applicable patent law. 12. No
Surrender of Others’ Freedom.

If conditions are imposed on you (whether by court
order, agreement or otherwise) that contradict the
conditions of this License, they do not excuse you
from the conditions of this License. If you cannot
convey a covered work so as to satisfy simultane-
ously your obligations under this License and any
other pertinent obligations, then as a consequence
you may not convey it at all. For example, if you
agree to terms that obligate you to collect a roy-
alty for further conveying from those to whom you
convey the Program, the only way you could satisfy
both those terms and this License would be to re-
frain entirely from conveying the Program. 13. Use
with the GNU Affero General Public License.

Notwithstanding any other provision of this Li-
cense, you have permission to link or combine any
covered work with a work licensed under version
3 of the GNU Affero General Public License into
a single combined work, and to convey the result-
ing work. The terms of this License will continue
to apply to the part which is the covered work, but
the special requirements of the GNU Affero General
Public License, section 13, concerning interaction
through a network will apply to the combination
as such. 14. Revised Versions of this License.

The Free Software Foundation may publish revised
and/or new versions of the GNU General Public Li-
cense from time to time. Such new versions will be
similar in spirit to the present version, but may dif-
fer in detail to address new problems or concerns.

Each version is given a distinguishing version num-
ber. If the Program specifies that a certain num-
bered version of the GNU General Public License
“or any later version” applies to it, you have the
option of following the terms and conditions either
of that numbered version or of any later version
published by the Free Software Foundation. If the
Program does not specify a version number of the
GNU General Public License, you may choose any
version ever published by the Free Software Foun-
dation.

If the Program specifies that a proxy can decide
which future versions of the GNU General Public
License can be used, that proxy’s public statement
of acceptance of a version permanently authorizes
you to choose that version for the Program.

Later license versions may give you additional or
different permissions. However, no additional obli-
gations are imposed on any author or copyright
holder as a result of your choosing to follow a later
version. 15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PRO-
GRAM, TO THE EXTENT PERMITTED BY AP-
PLICABLE LAW. EXCEPT WHEN OTHERWISE
STATED IN WRITING THE COPYRIGHT HOLD-
ERS AND/OR OTHER PARTIES PROVIDE THE
PROGRAM “AS IS” WITHOUT WARRANTY OF
ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IM-
PLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE.
THE ENTIRE RISK AS TO THE QUALITY AND
PERFORMANCE OF THE PROGRAM IS WITH
YOU. SHOULD THE PROGRAM PROVE DEFEC-
TIVE, YOU ASSUME THE COST OF ALL NECES-
SARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLI-
CABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY
OTHER PARTY WHO MODIFIES AND/OR CON-
VEYS THE PROGRAM AS PERMITTED ABOVE,
BE LIABLE TO YOU FOR DAMAGES, IN-
CLUDING ANY GENERAL, SPECIAL, INCIDEN-
TAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE
THE PROGRAM (INCLUDING BUT NOT LIM-
ITED TO LOSS OF DATA OR DATA BEING REN-
DERED INACCURATE OR LOSSES SUSTAINED
BY YOU OR THIRD PARTIES OR A FAILURE
OF THE PROGRAM TO OPERATE WITH ANY
OTHER PROGRAMS), EVEN IF SUCH HOLDER
OR OTHER PARTY HAS BEEN ADVISED OF
THE POSSIBILITY OF SUCH DAMAGES. 17. In-
terpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of lia-
bility provided above cannot be given local legal ef-

fect according to their terms, reviewing courts shall
apply local law that most closely approximates an
absolute waiver of all civil liability in connection
with the Program, unless a warranty or assumption
of liability accompanies a copy of the Program in
return for a fee.

END OF TERMS AND CONDITIONS How to Ap-
ply These Terms to Your New Programs

If you develop a new program, and you want it to
be of the greatest possible use to the public, the
best way to achieve this is to make it free software
which everyone can redistribute and change under
these terms.

To do so, attach the following notices to the pro-
gram. It is safest to attach them to the start of
each source file to most effectively state the exclu-
sion of warranty; and each file should have at least
the “copyright” line and a pointer to where the full
notice is found.

<one line to give the program’s name and a brief
idea of what it does.> Copyright (C) <year>
<name of author>

This program is free software: you can redistribute
it and/or modify it under the terms of the GNU
General Public License as published by the Free
Software Foundation, either version 3 of the Li-
cense, or (at your option) any later version.

This program is distributed in the hope that
it will be useful, but WITHOUT ANY WAR-
RANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PAR-
TICULAR PURPOSE. See the GNU General Public
License for more details.

You should have received a copy of the GNU Gen-
eral Public License along with this program. If not,
see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by elec-
tronic and paper mail.

If the program does terminal interaction, make it
output a short notice like this when it starts in an
interactive mode:

<program> Copyright (C) <year> <name of au-
thor> This program comes with ABSOLUTELY
NO WARRANTY; for details type ‘show w’. This is
free software, and you are welcome to redistribute it
under certain conditions; type ‘show c’ for details.

The hypothetical commands ‘show w’ and ‘show c’
should show the appropriate parts of the General
Public License. Of course, your program’s com-
mands might be different; for a GUI interface, you
would use an “about box”.

You should also get your employer (if you work
as a programmer) or school, if any, to sign a
“copyright disclaimer” for the program, if nec-
essary. For more information on this, and
how to apply and follow the GNU GPL, see
<http://www.gnu.org/licenses/>.

The GNU General Public License does not permit
incorporating your program into proprietary pro-
grams. If your program is a subroutine library, you
may consider it more useful to permit linking pro-
prietary applications with the library. If this is
what you want to do, use the GNU Lesser General
Public License instead of this License. But first,
please read <http://www.gnu.org/philosophy/why-
not-lgpl.html>.

36.2 GNU Free Documentation License
Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Soft-
ware Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verba-
tim copies of this license document, but changing
it is not allowed. 0. PREAMBLE

The purpose of this License is to make a manual,
textbook, or other functional and useful document
"free" in the sense of freedom: to assure everyone
the effective freedom to copy and redistribute it,
with or without modifying it, either commercially
or noncommercially. Secondarily, this License pre-
serves for the author and publisher a way to get
credit for their work, while not being considered
responsible for modifications made by others.

This License is a kind of "copyleft", which means
that derivative works of the document must them-
selves be free in the same sense. It complements
the GNU General Public License, which is a copy-
left license designed for free software.

We have designed this License in order to use it
for manuals for free software, because free software
needs free documentation: a free program should
come with manuals providing the same freedoms
that the software does. But this License is not lim-
ited to software manuals; it can be used for any tex-
tual work, regardless of subject matter or whether
it is published as a printed book. We recommend
this License principally for works whose purpose is
instruction or reference. 1. APPLICABILITY AND
DEFINITIONS

This License applies to any manual or other work,
in any medium, that contains a notice placed by the
copyright holder saying it can be distributed under
the terms of this License. Such a notice grants a
world-wide, royalty-free license, unlimited in dura-
tion, to use that work under the conditions stated
herein. The "Document", below, refers to any such
manual or work. Any member of the public is a li-
censee, and is addressed as "you". You accept the
license if you copy, modify or distribute the work
in a way requiring permission under copyright law.

A "Modified Version" of the Document means any
work containing the Document or a portion of it, ei-
ther copied verbatim, or with modifications and/or
translated into another language.

A "Secondary Section" is a named appendix or a
front-matter section of the Document that deals ex-
clusively with the relationship of the publishers or

authors of the Document to the Document’s overall
subject (or to related matters) and contains noth-
ing that could fall directly within that overall sub-
ject. (Thus, if the Document is in part a textbook
of mathematics, a Secondary Section may not ex-
plain any mathematics.) The relationship could be
a matter of historical connection with the subject
or with related matters, or of legal, commercial,
philosophical, ethical or political position regard-
ing them.

The "Invariant Sections" are certain Secondary Sec-
tions whose titles are designated, as being those of
Invariant Sections, in the notice that says that the
Document is released under this License. If a sec-
tion does not fit the above definition of Secondary
then it is not allowed to be designated as Invariant.
The Document may contain zero Invariant Sections.
If the Document does not identify any Invariant
Sections then there are none.

The "Cover Texts" are certain short passages of text
that are listed, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is
released under this License. A Front-Cover Text
may be at most 5 words, and a Back-Cover Text
may be at most 25 words.

A "Transparent" copy of the Document means a
machine-readable copy, represented in a format
whose specification is available to the general pub-
lic, that is suitable for revising the document
straightforwardly with generic text editors or (for
images composed of pixels) generic paint programs
or (for drawings) some widely available drawing ed-
itor, and that is suitable for input to text format-
ters or for automatic translation to a variety of for-
mats suitable for input to text formatters. A copy
made in an otherwise Transparent file format whose
markup, or absence of markup, has been arranged
to thwart or discourage subsequent modification by
readers is not Transparent. An image format is not
Transparent if used for any substantial amount of
text. A copy that is not "Transparent" is called
"Opaque".

Examples of suitable formats for Transparent
copies include plain ASCII without markup, Tex-
info input format, LaTeX input format, SGML or
XML using a publicly available DTD, and standard-
conforming simple HTML, PostScript or PDF de-
signed for human modification. Examples of trans-
parent image formats include PNG, XCF and JPG.
Opaque formats include proprietary formats that
can be read and edited only by proprietary word
processors, SGML or XML for which the DTD
and/or processing tools are not generally available,
and the machine-generated HTML, PostScript or

PDF produced by some word processors for output
purposes only.

The "Title Page" means, for a printed book, the
title page itself, plus such following pages as are
needed to hold, legibly, the material this License
requires to appear in the title page. For works in
formats which do not have any title page as such,
"Title Page" means the text near the most promi-
nent appearance of the work’s title, preceding the
beginning of the body of the text.

The "publisher" means any person or entity that
distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit
of the Document whose title either is precisely XYZ
or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ
stands for a specific section name mentioned below,
such as "Acknowledgements", "Dedications", "En-
dorsements", or "History".) To "Preserve the Title"
of such a section when you modify the Document
means that it remains a section "Entitled XYZ" ac-
cording to this definition.

The Document may include Warranty Disclaimers
next to the notice which states that this License
applies to the Document. These Warranty Dis-
claimers are considered to be included by reference
in this License, but only as regards disclaiming war-
ranties: any other implication that these Warranty
Disclaimers may have is void and has no effect on
the meaning of this License. 2. VERBATIM COPY-
ING

You may copy and distribute the Document in any
medium, either commercially or noncommercially,
provided that this License, the copyright notices,
and the license notice saying this License applies to
the Document are reproduced in all copies, and that
you add no other conditions whatsoever to those
of this License. You may not use technical mea-
sures to obstruct or control the reading or further
copying of the copies you make or distribute. How-
ever, you may accept compensation in exchange for
copies. If you distribute a large enough number of
copies you must also follow the conditions in sec-
tion 3.

You may also lend copies, under the same condi-
tions stated above, and you may publicly display
copies. 3. COPYING IN QUANTITY

If you publish printed copies (or copies in media
that commonly have printed covers) of the Doc-
ument, numbering more than 100, and the Doc-
ument’s license notice requires Cover Texts, you

must enclose the copies in covers that carry, clearly
and legibly, all these Cover Texts: Front-Cover
Texts on the front cover, and Back-Cover Texts
on the back cover. Both covers must also clearly
and legibly identify you as the publisher of these
copies. The front cover must present the full title
with all words of the title equally prominent and
visible. You may add other material on the covers
in addition. Copying with changes limited to the
covers, as long as they preserve the title of the Doc-
ument and satisfy these conditions, can be treated
as verbatim copying in other respects.

If the required texts for either cover are too volu-
minous to fit legibly, you should put the first ones
listed (as many as fit reasonably) on the actual
cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the
Document numbering more than 100, you must ei-
ther include a machine-readable Transparent copy
along with each Opaque copy, or state in or with
each Opaque copy a computer-network location
from which the general network-using public has
access to download using public-standard network
protocols a complete Transparent copy of the Doc-
ument, free of added material. If you use the lat-
ter option, you must take reasonably prudent steps,
when you begin distribution of Opaque copies in
quantity, to ensure that this Transparent copy will
remain thus accessible at the stated location until
at least one year after the last time you distribute
an Opaque copy (directly or through your agents or
retailers) of that edition to the public.

It is requested, but not required, that you con-
tact the authors of the Document well before redis-
tributing any large number of copies, to give them
a chance to provide you with an updated version of
the Document. 4. MODIFICATIONS

You may copy and distribute a Modified Version of
the Document under the conditions of sections 2
and 3 above, provided that you release the Modi-
fied Version under precisely this License, with the
Modified Version filling the role of the Document,
thus licensing distribution and modification of the
Modified Version to whoever possesses a copy of it.
In addition, you must do these things in the Modi-
fied Version:

* A. Use in the Title Page (and on the covers, if
any) a title distinct from that of the Document,
and from those of previous versions (which should,
if there were any, be listed in the History section
of the Document). You may use the same title as
a previous version if the original publisher of that
version gives permission. * B. List on the Title
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Page, as authors, one or more persons or entities
responsible for authorship of the modifications in
the Modified Version, together with at least five of
the principal authors of the Document (all of its
principal authors, if it has fewer than five), unless
they release you from this requirement. * C. State
on the Title page the name of the publisher of the
Modified Version, as the publisher. * D. Preserve
all the copyright notices of the Document. * E. Add
an appropriate copyright notice for your modifica-
tions adjacent to the other copyright notices. * F.
Include, immediately after the copyright notices, a
license notice giving the public permission to use
the Modified Version under the terms of this Li-
cense, in the form shown in the Addendum below. *
G. Preserve in that license notice the full lists of In-
variant Sections and required Cover Texts given in
the Document’s license notice. * H. Include an unal-
tered copy of this License. * I. Preserve the section
Entitled "History", Preserve its Title, and add to it
an item stating at least the title, year, new authors,
and publisher of the Modified Version as given on
the Title Page. If there is no section Entitled "His-
tory" in the Document, create one stating the title,
year, authors, and publisher of the Document as
given on its Title Page, then add an item describ-
ing the Modified Version as stated in the previous
sentence. * J. Preserve the network location, if any,
given in the Document for public access to a Trans-
parent copy of the Document, and likewise the net-
work locations given in the Document for previous
versions it was based on. These may be placed in
the "History" section. You may omit a network lo-
cation for a work that was published at least four
years before the Document itself, or if the original
publisher of the version it refers to gives permission.
* K. For any section Entitled "Acknowledgements"
or "Dedications", Preserve the Title of the section,
and preserve in the section all the substance and
tone of each of the contributor acknowledgements
and/or dedications given therein. * L. Preserve all
the Invariant Sections of the Document, unaltered
in their text and in their titles. Section numbers or
the equivalent are not considered part of the section
titles. * M. Delete any section Entitled "Endorse-
ments". Such a section may not be included in the
Modified Version. * N. Do not retitle any existing
section to be Entitled "Endorsements" or to conflict
in title with any Invariant Section. * O. Preserve
any Warranty Disclaimers.

If the Modified Version includes new front-matter
sections or appendices that qualify as Secondary
Sections and contain no material copied from the
Document, you may at your option designate some
or all of these sections as invariant. To do this, add
their titles to the list of Invariant Sections in the
Modified Version’s license notice. These titles must
be distinct from any other section titles.

You may add a section Entitled "Endorsements",
provided it contains nothing but endorsements of
your Modified Version by various parties—for ex-
ample, statements of peer review or that the text
has been approved by an organization as the au-
thoritative definition of a standard.

You may add a passage of up to five words as a
Front-Cover Text, and a passage of up to 25 words
as a Back-Cover Text, to the end of the list of Cover
Texts in the Modified Version. Only one passage of
Front-Cover Text and one of Back-Cover Text may
be added by (or through arrangements made by)
any one entity. If the Document already includes
a cover text for the same cover, previously added
by you or by arrangement made by the same entity
you are acting on behalf of, you may not add an-

other; but you may replace the old one, on explicit
permission from the previous publisher that added
the old one.

The author(s) and publisher(s) of the Document do
not by this License give permission to use their
names for publicity for or to assert or imply en-
dorsement of any Modified Version. 5. COMBIN-
ING DOCUMENTS

You may combine the Document with other docu-
ments released under this License, under the terms
defined in section 4 above for modified versions,
provided that you include in the combination all
of the Invariant Sections of all of the original doc-
uments, unmodified, and list them all as Invariant
Sections of your combined work in its license no-
tice, and that you preserve all their Warranty Dis-
claimers.

The combined work need only contain one copy of
this License, and multiple identical Invariant Sec-
tions may be replaced with a single copy. If there
are multiple Invariant Sections with the same name
but different contents, make the title of each such
section unique by adding at the end of it, in paren-
theses, the name of the original author or publisher
of that section if known, or else a unique number.
Make the same adjustment to the section titles in
the list of Invariant Sections in the license notice
of the combined work.

In the combination, you must combine any sections
Entitled "History" in the various original docu-
ments, forming one section Entitled "History"; like-
wise combine any sections Entitled "Acknowledge-
ments", and any sections Entitled "Dedications".
You must delete all sections Entitled "Endorse-
ments". 6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Docu-
ment and other documents released under this Li-
cense, and replace the individual copies of this Li-
cense in the various documents with a single copy
that is included in the collection, provided that you
follow the rules of this License for verbatim copying
of each of the documents in all other respects.

You may extract a single document from such a col-
lection, and distribute it individually under this Li-
cense, provided you insert a copy of this License
into the extracted document, and follow this Li-
cense in all other respects regarding verbatim copy-
ing of that document. 7. AGGREGATION WITH
INDEPENDENT WORKS

A compilation of the Document or its derivatives
with other separate and independent documents or
works, in or on a volume of a storage or distribution
medium, is called an "aggregate" if the copyright re-
sulting from the compilation is not used to limit the
legal rights of the compilation’s users beyond what
the individual works permit. When the Document
is included in an aggregate, this License does not
apply to the other works in the aggregate which are
not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is appli-
cable to these copies of the Document, then if the
Document is less than one half of the entire aggre-
gate, the Document’s Cover Texts may be placed
on covers that bracket the Document within the
aggregate, or the electronic equivalent of covers
if the Document is in electronic form. Otherwise
they must appear on printed covers that bracket
the whole aggregate. 8. TRANSLATION

Translation is considered a kind of modification, so
you may distribute translations of the Document
under the terms of section 4. Replacing Invariant
Sections with translations requires special permis-
sion from their copyright holders, but you may in-
clude translations of some or all Invariant Sections
in addition to the original versions of these Invari-
ant Sections. You may include a translation of this
License, and all the license notices in the Document,
and any Warranty Disclaimers, provided that you
also include the original English version of this Li-
cense and the original versions of those notices and
disclaimers. In case of a disagreement between the
translation and the original version of this License
or a notice or disclaimer, the original version will
prevail.

If a section in the Document is Entitled "Acknowl-
edgements", "Dedications", or "History", the re-
quirement (section 4) to Preserve its Title (section
1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute
the Document except as expressly provided under
this License. Any attempt otherwise to copy, mod-
ify, sublicense, or distribute it is void, and will
automatically terminate your rights under this Li-
cense.

However, if you cease all violation of this License,
then your license from a particular copyright holder
is reinstated (a) provisionally, unless and until the
copyright holder explicitly and finally terminates
your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some
reasonable means prior to 60 days after the cessa-
tion.

Moreover, your license from a particular copyright
holder is reinstated permanently if the copyright
holder notifies you of the violation by some reason-
able means, this is the first time you have received
notice of violation of this License (for any work)
from that copyright holder, and you cure the vi-
olation prior to 30 days after your receipt of the
notice.

Termination of your rights under this section does
not terminate the licenses of parties who have re-
ceived copies or rights from you under this License.
If your rights have been terminated and not perma-
nently reinstated, receipt of a copy of some or all
of the same material does not give you any rights
to use it. 10. FUTURE REVISIONS OF THIS LI-
CENSE

The Free Software Foundation may publish new, re-
vised versions of the GNU Free Documentation Li-
cense from time to time. Such new versions will be
similar in spirit to the present version, but may dif-
fer in detail to address new problems or concerns.
See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguish-
ing version number. If the Document specifies that
a particular numbered version of this License "or
any later version" applies to it, you have the op-
tion of following the terms and conditions either of
that specified version or of any later version that
has been published (not as a draft) by the Free Soft-
ware Foundation. If the Document does not specify
a version number of this License, you may choose
any version ever published (not as a draft) by the
Free Software Foundation. If the Document speci-
fies that a proxy can decide which future versions of

this License can be used, that proxy’s public state-
ment of acceptance of a version permanently autho-
rizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or
"MMC Site") means any World Wide Web server
that publishes copyrightable works and also pro-
vides prominent facilities for anybody to edit those
works. A public wiki that anybody can edit is
an example of such a server. A "Massive Multiau-
thor Collaboration" (or "MMC") contained in the
site means any set of copyrightable works thus pub-
lished on the MMC site.

"CC-BY-SA" means the Creative Commons
Attribution-Share Alike 3.0 license published by
Creative Commons Corporation, a not-for-profit
corporation with a principal place of business in
San Francisco, California, as well as future copyleft
versions of that license published by that same
organization.

"Incorporate" means to publish or republish a Doc-
ument, in whole or in part, as part of another Doc-
ument.

An MMC is "eligible for relicensing" if it is licensed
under this License, and if all works that were first
published under this License somewhere other than
this MMC, and subsequently incorporated in whole
or in part into the MMC, (1) had no cover texts or
invariant sections, and (2) were thus incorporated
prior to November 1, 2008.

The operator of an MMC Site may republish an
MMC contained in the site under CC-BY-SA on the
same site at any time before August 1, 2009, pro-
vided the MMC is eligible for relicensing. ADDEN-
DUM: How to use this License for your documents

To use this License in a document you have written,
include a copy of the License in the document and
put the following copyright and license notices just
after the title page:

Copyright (C) YEAR YOUR NAME. Permission is
granted to copy, distribute and/or modify this doc-
ument under the terms of the GNU Free Documen-
tation License, Version 1.3 or any later version pub-
lished by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no
Back-Cover Texts. A copy of the license is included
in the section entitled "GNU Free Documentation
License".

If you have Invariant Sections, Front-Cover Texts
and Back-Cover Texts, replace the "with . . .
Texts." line with this:

with the Invariant Sections being LIST THEIR TI-
TLES, with the Front-Cover Texts being LIST, and
with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts,
or some other combination of the three, merge
those two alternatives to suit the situation.

If your document contains nontrivial examples of
program code, we recommend releasing these exam-
ples in parallel under your choice of free software
license, such as the GNU General Public License,
to permit their use in free software.
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GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc.
<http://fsf.org/>

Everyone is permitted to copy and distribute verba-
tim copies of this license document, but changing
it is not allowed.

This version of the GNU Lesser General Public Li-
cense incorporates the terms and conditions of ver-
sion 3 of the GNU General Public License, supple-
mented by the additional permissions listed below.
0. Additional Definitions.

As used herein, “this License” refers to version 3
of the GNU Lesser General Public License, and the
“GNU GPL” refers to version 3 of the GNU General
Public License.

“The Library” refers to a covered work governed by
this License, other than an Application or a Com-
bined Work as defined below.

An “Application” is any work that makes use of an
interface provided by the Library, but which is not
otherwise based on the Library. Defining a subclass
of a class defined by the Library is deemed a mode
of using an interface provided by the Library.

A “Combined Work” is a work produced by com-
bining or linking an Application with the Library.
The particular version of the Library with which
the Combined Work was made is also called the
“Linked Version”.

The “Minimal Corresponding Source” for a Com-
bined Work means the Corresponding Source for
the Combined Work, excluding any source code for
portions of the Combined Work that, considered in
isolation, are based on the Application, and not on
the Linked Version.

The “Corresponding Application Code” for a Com-
bined Work means the object code and/or source
code for the Application, including any data and
utility programs needed for reproducing the Com-
bined Work from the Application, but excluding the
System Libraries of the Combined Work. 1. Excep-
tion to Section 3 of the GNU GPL.

You may convey a covered work under sections 3
and 4 of this License without being bound by sec-
tion 3 of the GNU GPL. 2. Conveying Modified
Versions.

If you modify a copy of the Library, and, in your
modifications, a facility refers to a function or data
to be supplied by an Application that uses the fa-
cility (other than as an argument passed when the
facility is invoked), then you may convey a copy of
the modified version:

* a) under this License, provided that you make a
good faith effort to ensure that, in the event an Ap-
plication does not supply the function or data, the
facility still operates, and performs whatever part
of its purpose remains meaningful, or * b) under
the GNU GPL, with none of the additional permis-
sions of this License applicable to that copy.

3. Object Code Incorporating Material from Li-
brary Header Files.

The object code form of an Application may incor-
porate material from a header file that is part of
the Library. You may convey such object code un-
der terms of your choice, provided that, if the in-
corporated material is not limited to numerical pa-
rameters, data structure layouts and accessors, or
small macros, inline functions and templates (ten
or fewer lines in length), you do both of the follow-
ing:

* a) Give prominent notice with each copy of the
object code that the Library is used in it and that
the Library and its use are covered by this License.
* b) Accompany the object code with a copy of the
GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of
your choice that, taken together, effectively do not
restrict modification of the portions of the Library
contained in the Combined Work and reverse en-
gineering for debugging such modifications, if you
also do each of the following:

* a) Give prominent notice with each copy of the
Combined Work that the Library is used in it and
that the Library and its use are covered by this Li-
cense. * b) Accompany the Combined Work with a
copy of the GNU GPL and this license document. *
c) For a Combined Work that displays copyright no-
tices during execution, include the copyright notice
for the Library among these notices, as well as a ref-
erence directing the user to the copies of the GNU
GPL and this license document. * d) Do one of the
following: o 0) Convey the Minimal Corresponding
Source under the terms of this License, and the Cor-
responding Application Code in a form suitable for,
and under terms that permit, the user to recombine
or relink the Application with a modified version
of the Linked Version to produce a modified Com-
bined Work, in the manner specified by section 6 of
the GNU GPL for conveying Corresponding Source.
o 1) Use a suitable shared library mechanism for
linking with the Library. A suitable mechanism
is one that (a) uses at run time a copy of the Li-
brary already present on the user’s computer sys-
tem, and (b) will operate properly with a modified
version of the Library that is interface-compatible
with the Linked Version. * e) Provide Installation
Information, but only if you would otherwise be re-
quired to provide such information under section 6
of the GNU GPL, and only to the extent that such
information is necessary to install and execute a
modified version of the Combined Work produced
by recombining or relinking the Application with
a modified version of the Linked Version. (If you
use option 4d0, the Installation Information must
accompany the Minimal Corresponding Source and
Corresponding Application Code. If you use option
4d1, you must provide the Installation Information
in the manner specified by section 6 of the GNU
GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work
based on the Library side by side in a single library
together with other library facilities that are not
Applications and are not covered by this License,
and convey such a combined library under terms of
your choice, if you do both of the following:

* a) Accompany the combined library with a copy
of the same work based on the Library, uncombined
with any other library facilities, conveyed under
the terms of this License. * b) Give prominent no-
tice with the combined library that part of it is a
work based on the Library, and explaining where
to find the accompanying uncombined form of the
same work.

6. Revised Versions of the GNU Lesser General
Public License.

The Free Software Foundation may publish revised
and/or new versions of the GNU Lesser General
Public License from time to time. Such new ver-
sions will be similar in spirit to the present version,
but may differ in detail to address new problems or
concerns.

Each version is given a distinguishing version num-
ber. If the Library as you received it specifies that
a certain numbered version of the GNU Lesser Gen-
eral Public License “or any later version” applies to
it, you have the option of following the terms and
conditions either of that published version or of any
later version published by the Free Software Foun-
dation. If the Library as you received it does not
specify a version number of the GNU Lesser Gen-
eral Public License, you may choose any version of
the GNU Lesser General Public License ever pub-
lished by the Free Software Foundation.

If the Library as you received it specifies that a
proxy can decide whether future versions of the
GNU Lesser General Public License shall apply,
that proxy’s public statement of acceptance of
any version is permanent authorization for you to
choose that version for the Library.
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main/md-frame-0.mdf

%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel und Elke Schubert
%% 
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-0.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $

\def\mdversion{v0.6a}
\def\mdframedOpackagename{md-frame-0}
\def\md@frameOdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-3.mdf}[\md@frameOdate@svn$Id: md-frame-0.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedOpackagename]


\let\md@textwidth\textwidth




%%=single=%%
\def\md@frame@background@single{%
        \rlap{\color{\mdf@backgroundcolor}%
             \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
             \addtolength{\mdfboundingboxheight}{%
                   \mdf@innertopmargin@length%
                  +\mdf@innerbottommargin@length%
                  }%
              \rule[-\mdf@innerbottommargin@length]%
                     {\wd\@tempboxa%
                    +\mdf@innerleftmargin@length%
                    +\mdf@innerrightmargin@length%
                   }{\mdfboundingboxheight}%
              }%
}%
% 
\def\md@frame@leftandbottomandtopline@single{%
           \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
           \addtolength{\mdfboundingboxheight}{%
                           \mdf@innertopmargin@length%
                          +\mdf@innerbottommargin@length%
                          +\mdf@middlelinewidth@length%
                          +\mdf@middlelinewidth@length%
                         }%
           \rlap{\color{\mdf@middlelinecolor}%
                 \ifbool{mdf@leftline}%
                     {\rule[-\mdf@innerbottommargin@length]%
                         {\mdf@middlelinewidth}{\mdfboundingboxheight-2\mdf@middlelinewidth@length}%
                     }{}%
               }%
           \rlap{\color{\mdf@middlelinecolor}%
                 \ifmdf@bottomline%
                     \ifboolexpr{ bool {mdf@leftline} and bool  {mdf@rightline} }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                       \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                        {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
                         +\mdf@middlelinewidth@length%
                         +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%
                     \ifboolexpr{ bool {mdf@leftline} and not( bool  {mdf@rightline}) }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                       \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                        {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
                         +\mdf@middlelinewidth@length%
   %                      +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%
                      \ifboolexpr{ not(bool {mdf@leftline}) and bool  {mdf@rightline} }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                      {\wd\@tempboxa%
                       +\mdf@innerleftmargin@length%
                       +\mdf@innerrightmargin@length%
                       +\mdf@middlelinewidth@length%
   %                    +\mdf@middlelinewidth@length%
                      }{\mdf@linewidth}% 
                       }{}%                
                       \ifboolexpr{ not(bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                       {%\hspace*{\mdf@middlelinewidth@length}%
                        \rule[-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                         {\wd\@tempboxa%
                         +\mdf@innerleftmargin@length%
                         +\mdf@innerrightmargin@length%
   %                      +\mdf@middlelinewidth@length%
   %                      +\mdf@middlelinewidth@length%
                        }{\mdf@linewidth}% 
                       }{}%  
                 \fi%
               }%
          \rlap{\color{\mdf@middlelinecolor}%
                \ifmdf@topline%
                  \ifboolexpr{ bool {mdf@leftline} and bool  {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%
                  \ifboolexpr{ bool {mdf@leftline} and not( bool  {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%
                   \ifboolexpr{ not(bool {mdf@leftline}) and bool  {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%                
                    \ifboolexpr{ not(bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[%
                       \mdf@innertopmargin@length
                       +\ht\@tempboxa+\dp\@tempboxa]%
                       {\wd\@tempboxa%
                        +\mdf@innerleftmargin@length%
                        +\mdf@innerrightmargin@length%
%                        +\mdf@middlelinewidth@length%
%                        +\mdf@middlelinewidth@length%
                       }{\mdf@linewidth}%
                    }{}%  
                \fi%
              }%
}%

\def\md@frame@rightline@single{%
         \llap{\color{\mdf@middlelinecolor}
               \ifmdf@rightline%
                \rule[-\mdf@innerbottommargin@length]%
                     {\mdf@linewidth}%
                     {\mdfboundingboxheight-2\mdf@middlelinewidth@length}%
               \fi%
              }%
}%


\def\md@putbox@single{%%%%% Ausgabe der ungesplitteten Gesamtbox
  \ifvoid\@tempboxa
  \else
      \leftline{%
        \null\hspace*{\mdf@leftmargin@length}%
        \md@frame@leftandbottomandtopline@single%
        \ifbool{mdf@leftline}%
        {\hspace*{\mdf@middlelinewidth@length}}{}%
        \md@frame@background@single%
        \hspace*{\mdf@innerleftmargin@length}%
        {\box\@tempboxa}%
        \hspace*{\mdf@innerrightmargin@length}%
        \hspace*{\mdf@middlelinewidth@length}%
        \md@frame@rightline@single%
        }%
  \fi
}


%%=first=%%

\def\md@frame@background@first{%
       \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
       \addtolength{\mdfboundingboxheight}{%
                           \mdf@innertopmargin@length%
                           +\mdf@splitbottomskip@length%
                         }%
       \rlap{\color{\mdf@backgroundcolor}%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                   {\wd\tw@+\mdf@innerleftmargin@length+\mdf@innerrightmargin@length}%
                   {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@topandleftline@first{%
           \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
           \addtolength{\mdfboundingboxheight}{%
                           1\mdf@innertopmargin@length%
                          +1\mdf@middlelinewidth@length%
                          +\mdf@splitbottomskip@length%
                         }%
            \rlap{\color{\mdf@middlelinecolor}
               \ifbool{mdf@leftline}%
                   {%
                     \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                            {\mdf@middlelinewidth@length}%
                               {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                   }{}%
             }%
            \rlap{\color{\mdf@middlelinecolor}%
             \ifmdf@topline
                 \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline}}%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ bool {mdf@leftline} and not(bool {mdf@rightline}) }%
                    {\rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and bool {mdf@rightline} }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
                 \ifboolexpr{ not (bool {mdf@leftline}) and not( bool {mdf@rightline}) }%
                    {%\hspace*{\mdf@middlelinewidth@length}%
                     \rule[\mdfboundingboxheight-\mdf@middlelinewidth@length-\dp\tw@-\mdf@splitbottomskip@length]%
                        {\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
%                          +\mdf@middlelinewidth@length%
%                          +\mdf@middlelinewidth@length%
                         }{\mdf@linewidth@length}%
                    }{}%
              \fi%
              \ifmdf@rightline
               \ifmdf@topline\else%
                 \deflength\@tempskipb{\wd\tw@%
                          +\mdf@innerleftmargin@length%
                          +\mdf@innerrightmargin@length%
                          +2\mdf@middlelinewidth@length%
                         }%
                 \hspace*{\@tempskipb}%
               \fi%
                  \llap{\color{\mdf@middlelinecolor}%
                         \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}%
                                {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                    }%
              \fi%
            }%
}%




\def\md@putbox@first{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@topandleftline@first%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@first%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
         }%
}

%%=second=%%

\def\md@frame@background@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                }%
        \rlap{\color{\mdf@backgroundcolor}%
               \rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                    {\wd\@tempboxa+\mdf@innerleftmargin@length%
                      +\mdf@innerrightmargin@length}%
                   {\mdfboundingboxheight}%
               }%
}%
 
\def\md@frame@lines@second{%
         \setlength{\mdfboundingboxheight}{\ht\@tempboxa+\dp\@tempboxa}%
         \addtolength{\mdfboundingboxheight}{%
                    +\mdf@innerbottommargin@length%
                    +\mdf@middlelinewidth@length%
                }%
          \rlap{\color{\mdf@middlelinecolor}%
               \ifbool{mdf@leftline}%
                 {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                        {\mdf@middlelinewidth@length}%
                        {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                 }{}%
               }%
          \rlap{\color{\mdf@middlelinecolor}%
                \ifbool{mdf@bottomline}%
                 {%
                   \ifboolexpr{ bool {mdf@leftline} and bool {mdf@rightline} }%
                        {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+2\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                   \ifboolexpr{ not (bool {mdf@leftline}) and not(bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ bool {mdf@leftline} and not( bool {mdf@rightline}) }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                    \ifboolexpr{ not(bool {mdf@leftline}) and bool {mdf@rightline} }%
                        {%
                          \rule[\dp\@tempboxa-\mdf@innerbottommargin@length-\mdf@middlelinewidth@length]%
                           {\wd\@tempboxa+\mdf@innerleftmargin@length%
                            +\mdf@innerrightmargin@length+\mdf@middlelinewidth@length}%
                           {\mdf@middlelinewidth@length}%
                       }{}%
                 }{}%
               \llap{\color{\mdf@middlelinecolor}%
                     \ifbool{mdf@rightline}%
                       {\rule[\dp\@tempboxa-\mdf@innerbottommargin@length]%
                             {\mdf@middlelinewidth@length}%
                             {\mdfboundingboxheight-\mdf@middlelinewidth@length}%
                        \ifbool{mdf@bottomline}{}%
                             {\deflength\@tempskipb{\wd\@tempboxa%
                                      +\mdf@innerleftmargin@length%
                                      +\mdf@innerrightmargin@length%
                                      +2\mdf@middlelinewidth@length%
                                     }%
                             \hspace*{-\@tempskipb}%
                            }%
                      }{}%
                    }%
               }%       
}%


\def\md@putbox@second{%%%%% Ausgabe der mittleren Teilbox
  \ifvoid\@tempboxa%
  \else
      \leftline{%
         \null\hspace*{\mdf@leftmargin@length}%
         \md@frame@lines@second%
         \ifbool{mdf@leftline}%
         {\hspace*{\mdf@middlelinewidth@length}}{}%
         \md@frame@background@second%
         \hspace*{\mdf@innerleftmargin@length}%
         {\box\@tempboxa}%
        }%
  \fi%
}%


%%=middle=%%

\def\md@frame@background@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@backgroundcolor}%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]%
                    {\wd\tw@+\mdf@innerleftmargin@length+\mdf@innerrightmargin@length}%
                    {\mdfboundingboxheight}%
              }%
}%
 
\def\md@frame@lines@middle{%
         \setlength{\mdfboundingboxheight}{\ht\tw@+\dp\tw@}%
         \addtolength{\mdfboundingboxheight}{%
                  \mdf@splitbottomskip@length%
                  }%
        \rlap{\color{\mdf@middlelinecolor}%
            \ifbool{mdf@leftline}%
              {%
              \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
              }{}%
            \ifbool{mdf@rightline}%
                   {%
                   \deflength{\mdfpositionx}{\wd\tw@%
                                     +\mdf@innerleftmargin@length%
                                     +\mdf@innerrightmargin@length%
                                     +\mdf@middlelinewidth@length%
                                    }%
                   \hspace*{\mdfpositionx}%
                   \llap{\color{\mdf@middlelinecolor}%
                        \rule[-\dp\tw@-\mdf@splitbottomskip@length]{\mdf@middlelinewidth@length}{\mdfboundingboxheight}%
                        \ifbool{mdf@leftline}{}{}%
                        }%
                   }{}%
          }%
}%




\def\md@putbox@middle{%%%% Ausgabe der Teilbox 1
      \leftline{%
           \null\hspace*{\mdf@leftmargin@length}%
           \md@frame@lines@middle%
           \ifbool{mdf@leftline}%
           {\hspace*{\mdf@middlelinewidth@length}}{}%
           \md@frame@background@middle%
           \hspace*{\mdf@innerleftmargin@length}%
           {\box\tw@}%
        }%
}
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%%==================================================%%
%%= Ausgabe der Box nach Vorgabe der Ausgaberoutine=%%
%%==================================================%%
%% Styledatei fuer das Paket mdframed erstellt durch
%% Marco Daniel und Elke Schubert
%% 
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.

%%$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $
%%$Rev: 105 $
%%$Author: marco $
%%$Date: 2010-12-22 17:50:44 +0100 (Mi, 22. Dez 2010) $

\def\mdversion{v0.6a}
\def\mdframedIpackagename{md-frame-1}
\def\md@frameIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-1.mdf}[\md@frameIdate@svn$Id: md-frame-1.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIpackagename]

%%Allgemeine Einstellungen fuer tikz

\def\md@tikz@settings{%
          %wenn das Innere der Doppellinie 0pt breit ist,
          %muss Grenze zwischen innerer und aeusserer Linie
          %einer Farbe zugeordnet werden
          \ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                              {\let\mdf@middlelinecolor\mdf@backgroundcolor}%
                              {\let\mdf@middlelinecolor\mdf@outerlinecolor}%
                            }%
                            {\let\mdf@middlelinecolor\mdf@innerlinecolor}%
                        }{}%
          \ifdimequal{\mdf@innerlinewidth@length}{\z@}%
                       {\ifdimequal{\mdf@outerlinewidth@length}{\z@}%
                            {\ifdimequal{\mdf@middlelinewidth@length}{\z@}%
                              {}%
                              {\let\mdf@middlelinecolor\mdf@linecolor}%
                            }%
                            {}%
                        }{}%
        \tikzset{mdftext/.style={inner sep=0pt,outer sep=0pt}}%
        \tikzset{mdfcorners/.style={rounded corners=\mdf@roundcorner@length}}%
        \tikzset{mdfbackground/.style={fill=\mdf@backgroundcolor}}%
        \ifdimgreater{\mdf@outerlinewidth@length}{\z@}%
            {\tikzset{mdfborderA/.style={%
                         draw=\mdf@outerlinecolor,%
                         line width=2\mdf@outerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderA/.style={}}}%
        \ifdimgreater{\mdf@innerlinewidth@length}{\z@}%
            {\tikzset{mdfborderI/.style={%
                         draw=\mdf@innerlinecolor,%
                         line width=2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length%
                         }%
                     }%
            }%
            {\tikzset{mdfborderI/.style={}}}%
       \tikzset{mdfmiddle/.style={draw=\mdf@middlelinecolor,line width=\mdf@middlelinewidth@length}}%
}%



\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight+\mdf@innertopmargin@length%
                                          +\mdf@innerbottommargin@length%
                                          +2*\mdf@innerlinewidth@length+\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \begin{scope}
		      \clip[preaction=mdfborderA]%
                           [postaction={mdfbackground,mdfborderI}]%
                           [mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
	         \end{scope}
                 \path[mdfmiddle,mdfcorners](O)--(O|-P)--(P)--(P|-O)--cycle;
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }%
}%

\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \ifdimequal{\pagegoal}{\maxdimen}{\enlargethispage{\baselineskip}}{}%
        \begin{tikzpicture}
	         \coordinate(O) at (0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{-\mdfboxheight-\mdf@innertopmargin@length%
                                          -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length+0.0cm}
                 \pgfmathsetlengthmacro\yp{-\mdf@innertopmargin@length%
                                           -1*\mdf@innerlinewidth@length-0.5*\mdf@middlelinewidth@length%
                                           -0.5\mdfboxheight}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       \mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                     \clip[preaction=mdfborderA]%
                          [postaction={mdfbackground,mdfborderI}]%
                          [mdfcorners](O|-P)--(O)--(P|-O)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners,](O|-P)--(O)--(P|-O)--(P);
                 \node[mdftext,anchor=west,inner sep=0pt,outer sep=0pt]at(\xp,\yp){\box\tw@};
%                 \draw[fill] (0,0) circle (.1cm);
%                 \draw[fill,yellow] (\x,\y) circle (.1cm);
%                 \draw[fill,orange] (\xp,\yp) circle (.05cm);
     \end{tikzpicture}%
     }%
}%


\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@}%
        \setlength{\mdf@ymargin@length}{0.4\baselineskip}%
        \begin{tikzpicture}
	         \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight}
                 \pgfmathsetlengthmacro\yp{0cm}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,0)%
                       rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                 	\path[mdfborderA](O)--(O|-P)(P)--(P|-O);
                        \clip[postaction=mdfbackground](O)--(O|-P)--(P)--(P|-O);
                        \path[mdfborderI](O)--(O|-P)(P)--(P|-O);
                 \end{scope}
                 \path[mdfmiddle](O)--(O|-P)(P)--(P|-O);
                 \node[mdftext,anchor=south west]at(\xp,\yp){\box\tw@};
       \end{tikzpicture}%
     }
}

\def\md@putbox@second{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
       \md@tikz@settings%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa}%
        \begin{tikzpicture}
                 \coordinate(O)at(0,0);
                 \pgfmathsetlengthmacro\x{\mdfboxwidth+\mdf@innerrightmargin@length%
                                          +\mdf@innerleftmargin@length+%
                                          2*\mdf@innerlinewidth@length+1*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\xp{\mdf@innerleftmargin@length+%
                                          1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\y{\mdfboxheight%
                                          +\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \pgfmathsetlengthmacro\yp{\mdf@innerbottommargin@length%
                                          +1*\mdf@innerlinewidth@length+0.5*\mdf@middlelinewidth@length}
                 \coordinate(P)at(\x,\y);
                 \clip(-\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length,%
                       -\mdf@outerlinewidth@length-0.5*\mdf@middlelinewidth@length)%
                      rectangle(\x+\mdf@outerlinewidth@length+0.5*\mdf@middlelinewidth@length,\y);
                 \begin{scope}
                      \clip[preaction=mdfborderA]%
                      [postaction={mdfbackground,mdfborderI}]%
                      [mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \end{scope}
                 \path[mdfmiddle,mdfcorners](P-|O)--(O)--(O-|P)--(P);
                 \node[mdftext,anchor=south west] at (\xp,\yp){\box\@tempboxa};
       \end{tikzpicture}%
     }
}
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%%Allgemeine Einstellungen fuer pstricks
%%Hier nur einfacher Rahmen mit Einstellungen

\def\mdversion{v0.6a}
\def\mdframedIIIpackagename{md-frame-3}
\def\md@frameIIIdate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }

\ProvidesFile{md-frame-3.mdf}[\md@frameIIIdate@svn$Id: md-frame-3.mdf 105 2010-12-22 16:50:44Z marco $ \mdversion: \mdframedIIIpackagename]

\def\md@ptlength@to@pscode#1{\pst@number{#1} \pst@number\psxunit div}
\let\ptTps\md@ptlength@to@pscode\relax


\def\md@putbox@single{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                     \mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@innerbottommargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                     \mdfboxwidth%
                    +\mdf@innerleftmargin@length%
                    +\mdf@innerrightmargin@length%
%                    +\mdf@middlelinewidth@length%
%                    +\mdf@middlelinewidth@length%
                  }%
       \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
       \psset{linearc=\mdf@roundcorner@length,cornersize=absolute,}%
       \expandafter\psset\expandafter{\mdf@psset@local}%
        \psset{unit=1truecm}%
        \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                      \psframe[linewidth=\mdf@middlelinewidth@length,
                               linecolor=\mdf@linecolor,
                                cornersize=absolute,
                                fillstyle=none,]%
                          (0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and bool {mdf@leftline} and not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
               \ifboolexpr{   not(  bool {mdf@topline}) and bool {mdf@bottomline}
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%     
                \ifboolexpr{  bool {mdf@topline} and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add  %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
                 \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
             \ifboolexpr{     bool {mdf@topline} and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and bool {mdf@leftline} and  not( bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                           0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                       )%
                      \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%    
              \ifboolexpr{ not( bool {mdf@topline}) and not (bool {mdf@bottomline})
                          and not(bool {mdf@leftline}) and  bool {mdf@rightline}
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (!0 0)%
                                (! \ptTps{\mdfboundingboxwidth}
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%  
                       (! \ptTps{\mdfboundingboxwidth} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                           0 %Y-Koord
                       )%
                      \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}% 
             \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@bottomline}
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0  %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%
              \ifboolexpr{     bool {mdf@topline} and not (bool {mdf@bottomline})
                          and not (bool {mdf@leftline}) and not(bool {mdf@rightline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! 0  %X-Koord
                          \ptTps{\mdfboundingboxheight} 
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add  %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                      }{}%  \psgrid
        \end{pspicture}%
     }%
}






\def\md@putbox@first{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innertopmargin@length%
                    +\mdf@splitbottomskip@length%
                  }%
         \ifbool{mdf@topline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \psset{linearc=\mdf@roundcorner@length}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{     bool {mdf@topline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%
              \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%       
               \ifboolexpr{    not( bool {mdf@topline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{    not( bool {mdf@topline}) and bool {mdf@rightline}
                          and not( bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(!\ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%              
               \ifboolexpr{     bool {mdf@topline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight}
                                   \ptTps{\mdf@middlelinewidth@length} neg add  %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdfboundingboxheight}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}% 
                \ifboolexpr{    not(bool {mdf@topline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline} )
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\tw@}
                     }{}%  
           \end{pspicture}%
     }%
}



\def\md@putbox@middle{%
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\tw@}%
        \setlength\mdfboxheight{\ht\tw@+\dp\tw@}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@splitbottomskip@length%
                  }%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth%
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}%
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \ifdimgreater{\mdfboundingboxheight}{\vsize}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\vsize)}
                {\begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)}
              \ifboolexpr{    bool {mdf@rightline} and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%
               \ifboolexpr{    bool {mdf@rightline} and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@rightline})  and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight}  %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%                    
                \ifboolexpr{(
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and not( bool {mdf@bottomline})
                             )
                             or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and not (bool {mdf@topline}) and bool {mdf@bottomline}
                             )
                              or
                             (
                             not(bool {mdf@rightline}) and not(bool {mdf@leftline})
                             and bool {mdf@topline} and bool {mdf@bottomline}
                             )  
                       }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@splitbottomskip@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\tw@}
                     }{}%  
       \end{pspicture}%
     }%
}

\def\md@putbox@second{
   \leftline{\null\hspace*{\mdf@leftmargin@length}%%
        \setlength\mdfboxwidth{\wd\@tempboxa}%
        \setlength\mdfboxheight{\ht\@tempboxa+\dp\@tempboxa}%
        \setlength{\mdfboundingboxheight}{%
                    +\mdfboxheight%
                    +\mdf@innerbottommargin@length%
                  }%
         \ifbool{mdf@bottomline}{\addtolength{\mdfboundingboxheight}{\mdf@middlelinewidth@length}}{}%
         \setlength{\mdfboundingboxwidth}{%
                    +\mdf@innerleftmargin@length%
                    +\mdfboxwidth
                    +\mdf@innerrightmargin@length%
                  }%
         \ifbool{mdf@leftline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \ifbool{mdf@rightline}{\addtolength{\mdfboundingboxwidth}{\mdf@middlelinewidth@length}}{}%
         \expandafter\psset\expandafter{\mdf@psset@local}
         \psset{linearc=\mdf@roundcorner@length}%
         \psset{unit=1truecm}%
         \begin{pspicture}(0,0)(\mdfboundingboxwidth,\mdfboundingboxheight)
              \ifboolexpr{     bool {mdf@bottomline} and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length} 
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%                    
               \ifboolexpr{   not( bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and bool {mdf@leftline} 
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (\mdf@middlelinewidth@length,0)%
                                (! \ptTps{\mdfboundingboxwidth} %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       (! \ptTps{\mdf@middlelinewidth@length} 0.5 mul %X-Koord
                          0 %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{   not( bool {mdf@bottomline}) and bool {mdf@rightline}
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth} 
                                   \ptTps{\mdf@middlelinewidth@length} neg add %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          0 %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth}
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul neg add %X-Koord
                          \ptTps{\mdfboundingboxheight} %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul  add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
               \ifboolexpr{  bool {mdf@bottomline} and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,\mdf@middlelinewidth@length)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \psline[linewidth=\mdf@middlelinewidth,
                                linecolor=\mdf@linecolor,fillstyle=none,]%
                       (! 0 %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       (! \ptTps{\mdfboundingboxwidth} %X-Koord
                          \ptTps{\mdf@middlelinewidth@length} 0.5 mul %Y-Koord
                       )%
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@middlelinewidth@length}
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
                \ifboolexpr{  not(bool {mdf@bottomline}) and not(bool {mdf@rightline})
                          and not(bool {mdf@leftline})
                        }%
                      {\psframe[linecolor=\mdf@backgroundcolor,fillstyle=solid,%
                                fillcolor=\mdf@backgroundcolor,linestyle=solid,
                                linewidth=\mdf@middlelinewidth@length]%
                                (0,0)%
                                (! \ptTps{\mdfboundingboxwidth}  %X-Koord
                                   \ptTps{\mdfboundingboxheight} %Y-Koord
                                )
                       \rput(! \ptTps{\mdf@innerleftmargin@length}
                              \ptTps{\mdfboxwidth} 0.5 mul add %X-Koord
                              \ptTps{\mdf@innerbottommargin@length}
                              \ptTps{\mdfboxheight} 0.5 mul add %Y-Koord
                           ){\box\@tempboxa}
                     }{}%  
       \end{pspicture}%
     }%
}

\endinput
%eof
%eof
%eof
%eof
%eof







main/utf8plain.def

%%
%% This is file `utf8.def',
%% generated with the docstrip utility.
%%
%% The original source files were:
%%
%% utf8ienc.dtx  (with options: `utf8')
%% 
%% This is a generated file.
%% 
%% Copyright 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
%% The LaTeX3 Project and any individual authors listed elsewhere
%% in this file.
%% 
%% This file was generated from file(s) of the LaTeX base system.
%% --------------------------------------------------------------
%% 
%% It may be distributed and/or modified under the
%% conditions of the LaTeX Project Public License, either version 1.3c
%% of this license or (at your option) any later version.
%% The latest version of this license is in
%%    http://www.latex-project.org/lppl.txt
%% and version 1.3c or later is part of all distributions of LaTeX
%% version 2005/12/01 or later.
%% 
%% This file has the LPPL maintenance status "maintained".
%% 
%% This file may only be distributed together with a copy of the LaTeX
%% base system. You may however distribute the LaTeX base system without
%% such generated files.
%% 
%% The list of all files belonging to the LaTeX base distribution is
%% given in the file `manifest.txt'. See also `legal.txt' for additional
%% information.
%% 
%% The list of derived (unpacked) files belonging to the distribution
%% and covered by LPPL is defined by the unpacking scripts (with
%% extension .ins) which are part of the distribution.
\ProvidesFile{utf8.def}
   [2008/04/05 v1.1m UTF-8 support for inputenc]
\makeatletter
\catcode`\ \saved@space@catcode
\def\UTFviii@two@octets#1#2{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\endcsname}
\def\UTFviii@three@octets#1#2#3{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\endcsname}
\def\UTFviii@four@octets#1#2#3#4{\expandafter
    \UTFviii@defined\csname u8:#1\string#2\string#3\string#4\endcsname}
\def\UTFviii@defined#1{%
  \ifx#1\relax
      \PackageError{inputenc}{Unicode\space char\space \string#1\space
                              not\space set\space up\space
                              for\space use\space with\space LaTeX}\@eha
  \else\expandafter
    #1%
  \fi
}
\begingroup
\catcode`\~13
\catcode`\"12
\def\UTFviii@loop{%
  \uccode`\~\count@
  \uppercase\expandafter{\UTFviii@tmp}%
  \advance\count@\@ne
  \ifnum\count@<\@tempcnta
  \expandafter\UTFviii@loop
  \fi}
    \count@"C2
    \@tempcnta"E0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@two@octets\string~}}
\UTFviii@loop
    \count@"E0
    \@tempcnta"F0
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@three@octets\string~}}
\UTFviii@loop
    \count@"F0
    \@tempcnta"F4
    \def\UTFviii@tmp{\xdef~{\noexpand\UTFviii@four@octets\string~}}
\UTFviii@loop
\endgroup
\@inpenc@test
\ifx\@begindocumenthook\@undefined
  \makeatother
  \endinput \fi
\begingroup
\catcode`\"=12
\catcode`\<=12
\catcode`\.=12
\catcode`\,=12
\catcode`\;=12
\catcode`\!=12
\catcode`\~=13
\gdef\DeclareUnicodeCharacter#1#2{%
   \count@"#1\relax
   \wlog{ \space\space defining Unicode char U+#1 (decimal \the\count@)}%
   \begingroup
    \parse@XML@charref
    \def\UTFviii@two@octets##1##2{\csname u8:##1\string##2\endcsname}%
    \def\UTFviii@three@octets##1##2##3{\csname u8:##1%
                                     \string##2\string##3\endcsname}%
    \def\UTFviii@four@octets##1##2##3##4{\csname u8:##1%
                           \string##2\string##3\string##4\endcsname}%
    \expandafter\expandafter\expandafter
    \expandafter\expandafter\expandafter
    \expandafter
     \gdef\UTFviii@tmp{\IeC{#2}}%
   \endgroup
}
\gdef\parse@XML@charref{%
  \ifnum\count@<"A0\relax
     \PackageError{inputenc}{Cannot\space define\space Unicode\space
                             char\space value\space <\space 00A0}\@eha
  \else\ifnum\count@<"800\relax
     \parse@UTFviii@a,%
     \parse@UTFviii@b C\UTFviii@two@octets.,%
  \else\ifnum\count@<"10000\relax
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@b E\UTFviii@three@octets.{,;}%
   \else
     \parse@UTFviii@a;%
     \parse@UTFviii@a,%
     \parse@UTFviii@a!%
     \parse@UTFviii@b F\UTFviii@four@octets.{!,;}%
    \fi
    \fi
  \fi
}
\gdef\parse@UTFviii@a#1{%
     \@tempcnta\count@
     \divide\count@ 64
     \@tempcntb\count@
     \multiply\count@ 64
     \advance\@tempcnta-\count@
     \advance\@tempcnta 128
     \uccode`#1\@tempcnta
     \count@\@tempcntb}
\gdef\parse@UTFviii@b#1#2#3#4{%
     \advance\count@ "#10\relax
     \uccode`#3\count@
     \uppercase{\gdef\UTFviii@tmp{#2#3#4}}}
\endgroup
\@onlypreamble\DeclareUnicodeCharacter
\@onlypreamble\parse@XML@charref
\@onlypreamble\parse@UTFviii@a
\@onlypreamble\parse@UTFviii@b
\begingroup
  \def\cdp@elt#1#2#3#4{%
    \wlog{Now handling font encoding #1 ...}%
    \lowercase{%
        \InputIfFileExists{utf8plain.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                     encoding #1}%
            \catcode`\ 9\relax}%
          {\wlog{... no UTF-8 mapping file for font encoding #1}}%
  }
  \cdp@list
\endgroup
\def\DeclareFontEncoding@#1#2#3{%
  \expandafter
  \ifx\csname T@#1\endcsname\relax
    \def\cdp@elt{\noexpand\cdp@elt}%
    \xdef\cdp@list{\cdp@list\cdp@elt{#1}%
                    {\default@family}{\default@series}%
                    {\default@shape}}%
    \expandafter\let\csname#1-cmd\endcsname\@changed@cmd
    \begingroup
      \wlog{Now handling font encoding #1 ...}%
      \lowercase{%
        \InputIfFileExists{utf8plainenc.dfu}}%
           {\wlog{... processing UTF-8 mapping file for font %
                      encoding #1}}%
           {\wlog{... no UTF-8 mapping file for font encoding #1}}%
    \endgroup
  \else
     \@font@info{Redeclaring font encoding #1}%
  \fi
  \global\@namedef{T@#1}{#2}%
  \global\@namedef{M@#1}{\default@M#3}%
  \xdef\LastDeclaredEncoding{#1}%
  }
\DeclareUnicodeCharacter{00A9}{\textcopyright}
\DeclareUnicodeCharacter{00AA}{\textordfeminine}
\DeclareUnicodeCharacter{00AE}{\textregistered}
\DeclareUnicodeCharacter{00BA}{\textordmasculine}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}

\endinput
%%
%% End of file `utf8.def'.
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headers/babel.tex

\usepackage[english]{babel}
\newcommand{\mychapterbabel}{Chapter}
\newcommand{\mypagebabel}{on page}
\newcommand{\myfigurebabel}{Figure}
\newcommand{\mylangbabel}{english}







headers/commands.tex

% Syntax Highlightling

%\DefineShortVerb[commandchars=\\\{\}]{\|}
\DefineVerbatimEnvironment{Highlighting}{Verbatim}{commandchars=\\\{\}}
% Add ',fontsize=\small' for more characters per line
\newenvironment{Shaded}{\begin{scriptsize}}{\end{scriptsize}}
\newcommand{\KeywordTok}[1]{\textbf{{#1}}}
\newcommand{\DataTypeTok}[1]{\underline{{#1}}}
\newcommand{\DecValTok}[1]{{#1}}
\newcommand{\BaseNTok}[1]{{#1}}
\newcommand{\FloatTok}[1]{{#1}}
\newcommand{\CharTok}[1]{{#1}}
\newcommand{\StringTok}[1]{{#1}}
\newcommand{\CommentTok}[1]{\textit{{#1}}}
\newcommand{\OtherTok}[1]{{#1}}
\newcommand{\AlertTok}[1]{\textbf{{#1}}}
\newcommand{\FunctionTok}[1]{{#1}}
\newcommand{\RegionMarkerTok}[1]{{#1}}
\newcommand{\ErrorTok}[1]{\textbf{{#1}}}
\newcommand{\NormalTok}[1]{{#1}}
\newcommand{\myfigurewithoutcaption}[1]{{\bfseries \myfigurebabel{ }#1}}
\newcommand{\myfigurewithcaption}[2]{{\bfseries \myfigurebabel{ }#1{\quad}}#2}

% Definition der Fussnoten
% ------------------------
%\KOMAoptions{footnotes=multiple}


\DeclareTextSymbol{\textlongs}{TS1}{115} 

\deffootnote[2.2em]{2.2em}{0em}{\makebox[2.2em][l]{\thefootnotemark}}

\newcommand{\badchar}[1]
{\textbf{?}}


\newcommand{\myplainurl}[1]
{{\ttfamily  \url{#1}}}


\newcommand{\myfnhref}[2]
{{#2} \^{}{\{\ttfamily  \url{#1}\}} }

\newcommand{\mymchref}[2]
{}


\newcommand{\mytabhref}[2]
{{#2}\protect\footnote{\ttfamily \url{#1} }}
%{\textsc{#2}}


\newcommand{\myfnlref}[2]
{{#2} \^{}\{\mychapterbabel \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}\}}

\newlength{\fnwidth}
\setlength{\fnwidth}{\linewidth}
\addtolength{\fnwidth}{-10mm}

\newcommand{\myhref}[2]
{{#2}\protect\footnote{    \begin{minipage}{\fnwidth} \ttfamily \url{#1}  \end{minipage}}} 

\newcommand{\mylref}[2]
{{#2}\protect\footnote{\mychapterbabel {$\text{}$} \ref{#1} \mypagebabel {$\text{}$} \pageref{#1}}}

\newcommand{\myfnsref}[2]
{\text{#2} \^{}\{\text{#1} \}}

\newcommand{\mysref}[2]
{\text{#2}\protect\footnote{#1}}

\newcommand{\TickYes}{\checkmark}


% Kompatibilität, damit myfootnote nichts ins Leere läuft
\newcommand{\myfootnote}[1]
%{\footnote{\quad{}#1}}
{\footnote{#1}}


% Auflistungen
% ------------
% Standardvorschlag für itemize
%\newenvironment{myitemize}{\begin{itemize}}{\end{itemize}}
%\newenvironment{myenumerate}{\begin{enumerate}}{\end{enumerate}}
\newenvironment{myquote}{\begin{itemize}[{}]}{\end{itemize}}
\newenvironment{myblockquote}{\begin{itemize}[{\quad}]}{\end{itemize}}

\newenvironment{mydescription}{

\begin{inparablank}}{\end{inparablank}} 
% Alternativen ohne Einrückung
\newenvironment{myitemize}{\begin{compactitem}[\textbullet]}{\end{compactitem}}
\newenvironment{myenumerate}{\begin{compactenum}}{\end{compactenum}}

% einige weitere Festlegungen
% ---------------------------
% \breakslash is used for URLs to allow linebreaking
\newcommand{\mybreakslash}{\discretionary{/}{}{/}}

\newlength{\mylength}
\newlength{\myhight}
\newlength{\myshadingheight}
\newcommand{\myoverline}[1]
{\settowidth{\mylength}{#1} \settoheight{\myhight}{#1}
\makebox[-3pt][l]{#1}
\rule[\myhight+1pt]{\mylength}{0.15mm}}

% Teile von Büchern
\newcommand{\mypart}[1]
%{\part{#1}}
{\addtocontents{toc}{\protect\vspace{7.5mm} \textbf{\Large {#1}}}}

% minitoc vorbereiten, aber standardmäßig unterdrücken
\newcommand{\myminitoc}{}

% Haupttitel
% ----------
%\newcommand{\mymaintitle}[1]
%{\definecolor{shadecolor}{gray}{0.9}\begin{shaded}
%\begin{center}
%\Huge \bfseries 
%#1 
%\end{center}
%\end{shaded}}

%\newcommand{\mysubtitle}[1]
%{\begin{center}
%\LARGE \bfseries 
%#1
%\end{center}}

\newcommand{\mysubtitle}[1]{\subtitle{#1}}
\newcommand{\mymaintitle}[1]{\title{#1}}
\newcommand{\myauthor}[1]{\author{#1}}


% Metadaten
% ---------
\newcommand{\fetchurlcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource zur Abholung (O)}.}{URL zur Abholung}}

\newcommand{\bookcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Adresse der elektronischen Ressource (O)}.}{Buch (Hauptseite)}}

\newcommand{\functionalgroupcaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: DDC-Sachgruppe der Deutschen Nationalbibliografie oder Warengruppen-Systematik des Deutschen Buchhandels (O)}.}{Sachgruppe(n)} }

\newcommand{\futhertopicscaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Angaben zum Inhalt: weitere Klassifikationen / Thesauri (F)}.}{Weitere Themen}}

\newcommand{\mainauthorscaption}[0]
{Hauptautor(en)}

\newcommand{\projecttexniciancaption}[0]
{Betreuer}

\newcommand{\organizationscaptions}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Beteiligte Organisationen (F)}.}{Organisation(en)}}

\newcommand{\datecaption}[0]
{Erscheinungsdatum}

\newcommand{\issuecaption}[0]
{Ausgabebezeichnung}

\newcommand{\standardcodecaption}[0]
{Standardnummer }

\newcommand{\maintitlecaption}[0]
{Haupttitel}

\newcommand{\publishercaption}[0]
{\mysref{In den Metadaten erläutert unter: {\itshape Verlag / Verlegende Stelle (O)}.}{Verlegende Stelle} }

\newcommand{\publishercitycaption}[0]
{Verlagsort}

\newcommand{\shelfcaption}[0]
{Wikibooks-Regal}

\newcommand{\sizecaption}[0]
{Umfang}


\newcommand{\Alpha}{\mathrm{A}}
\newcommand{\Beta}{\mathrm{B}}
\newcommand{\Epsilon}{\mathrm{E}}
\newcommand{\Zeta}{\mathrm{Z}}
\newcommand{\Eta}{\mathrm{H}}
\newcommand{\Iota}{\mathrm{I}}
\newcommand{\Kappa}{\mathrm{K}}
\newcommand{\Mu}{\mathrm{M}}
\newcommand{\Nu}{\mathrm{N}}
\newcommand{\Rho}{\mathrm{P}}
\newcommand{\Tau}{\mathrm{T}}
\newcommand{\Chi}{\mathrm{X}}













headers/defaultcolors.tex

\definecolor{AliceBlue}{rgb}{0.941176470588,0.972549019608,1.0}
\definecolor{aliceblue}{rgb}{0.941176470588,0.972549019608,1.0}
\definecolor{AntiqueWhite}{rgb}{0.980392156863,0.921568627451,0.843137254902}
\definecolor{antiquewhite}{rgb}{0.980392156863,0.921568627451,0.843137254902}
\definecolor{Aqua}{rgb}{0.0,1.0,1.0}
\definecolor{aqua}{rgb}{0.0,1.0,1.0}
\definecolor{Aquamarine}{rgb}{0.498039215686,1.0,0.83137254902}
\definecolor{aquamarine}{rgb}{0.498039215686,1.0,0.83137254902}
\definecolor{Azure}{rgb}{0.941176470588,1.0,1.0}
\definecolor{azure}{rgb}{0.941176470588,1.0,1.0}
\definecolor{Beige}{rgb}{0.960784313725,0.960784313725,0.862745098039}
\definecolor{beige}{rgb}{0.960784313725,0.960784313725,0.862745098039}
\definecolor{Bisque}{rgb}{1.0,0.894117647059,0.76862745098}
\definecolor{bisque}{rgb}{1.0,0.894117647059,0.76862745098}
\definecolor{Black}{rgb}{0.0,0.0,0.0}
\definecolor{black}{rgb}{0.0,0.0,0.0}
\definecolor{BlanchedAlmond}{rgb}{1.0,0.921568627451,0.803921568627}
\definecolor{blanchedalmond}{rgb}{1.0,0.921568627451,0.803921568627}
\definecolor{Blue}{rgb}{0.0,0.0,1.0}
%\definecolor{blue}{rgb}{0.0,0.0,1.0}
\definecolor{BlueViolet}{rgb}{0.541176470588,0.16862745098,0.886274509804}
\definecolor{blueviolet}{rgb}{0.541176470588,0.16862745098,0.886274509804}
\definecolor{Brown}{rgb}{0.647058823529,0.164705882353,0.164705882353}
\definecolor{brown}{rgb}{0.647058823529,0.164705882353,0.164705882353}
\definecolor{BurlyWood}{rgb}{0.870588235294,0.721568627451,0.529411764706}
\definecolor{burlywood}{rgb}{0.870588235294,0.721568627451,0.529411764706}
\definecolor{CadetBlue}{rgb}{0.372549019608,0.619607843137,0.627450980392}
\definecolor{cadetblue}{rgb}{0.372549019608,0.619607843137,0.627450980392}
\definecolor{Chartreuse}{rgb}{0.498039215686,1.0,0.0}
\definecolor{chartreuse}{rgb}{0.498039215686,1.0,0.0}
\definecolor{Chocolate}{rgb}{0.823529411765,0.411764705882,0.117647058824}
\definecolor{chocolate}{rgb}{0.823529411765,0.411764705882,0.117647058824}
\definecolor{Coral}{rgb}{1.0,0.498039215686,0.313725490196}
\definecolor{coral}{rgb}{1.0,0.498039215686,0.313725490196}
\definecolor{CornflowerBlue}{rgb}{0.392156862745,0.58431372549,0.929411764706}
\definecolor{cornflowerblue}{rgb}{0.392156862745,0.58431372549,0.929411764706}
\definecolor{Cornsilk}{rgb}{1.0,0.972549019608,0.862745098039}
\definecolor{cornsilk}{rgb}{1.0,0.972549019608,0.862745098039}
\definecolor{Crimson}{rgb}{0.862745098039,0.078431372549,0.235294117647}
\definecolor{crimson}{rgb}{0.862745098039,0.078431372549,0.235294117647}
\definecolor{Cyan}{rgb}{0.0,1.0,1.0}
%\definecolor{cyan}{rgb}{0.0,1.0,1.0}
\definecolor{DarkBlue}{rgb}{0.0,0.0,0.545098039216}
\definecolor{darkblue}{rgb}{0.0,0.0,0.545098039216}
\definecolor{DarkCyan}{rgb}{0.0,0.545098039216,0.545098039216}
\definecolor{darkcyan}{rgb}{0.0,0.545098039216,0.545098039216}
\definecolor{DarkGoldenRod}{rgb}{0.721568627451,0.525490196078,0.043137254902}
\definecolor{darkgoldenrod}{rgb}{0.721568627451,0.525490196078,0.043137254902}
\definecolor{DarkGray}{rgb}{0.662745098039,0.662745098039,0.662745098039}
\definecolor{darkgray}{rgb}{0.662745098039,0.662745098039,0.662745098039}
\definecolor{DarkGreen}{rgb}{0.0,0.392156862745,0.0}
\definecolor{darkgreen}{rgb}{0.0,0.392156862745,0.0}
\definecolor{DarkKhaki}{rgb}{0.741176470588,0.717647058824,0.419607843137}
\definecolor{darkkhaki}{rgb}{0.741176470588,0.717647058824,0.419607843137}
\definecolor{DarkMagenta}{rgb}{0.545098039216,0.0,0.545098039216}
\definecolor{darkmagenta}{rgb}{0.545098039216,0.0,0.545098039216}
\definecolor{DarkOliveGreen}{rgb}{0.333333333333,0.419607843137,0.18431372549}
\definecolor{darkolivegreen}{rgb}{0.333333333333,0.419607843137,0.18431372549}
\definecolor{Darkorange}{rgb}{1.0,0.549019607843,0.0}
\definecolor{darkorange}{rgb}{1.0,0.549019607843,0.0}
\definecolor{DarkOrchid}{rgb}{0.6,0.196078431373,0.8}
\definecolor{darkorchid}{rgb}{0.6,0.196078431373,0.8}
\definecolor{DarkRed}{rgb}{0.545098039216,0.0,0.0}
\definecolor{darkred}{rgb}{0.545098039216,0.0,0.0}
\definecolor{DarkSalmon}{rgb}{0.913725490196,0.588235294118,0.478431372549}
\definecolor{darksalmon}{rgb}{0.913725490196,0.588235294118,0.478431372549}
\definecolor{DarkSeaGreen}{rgb}{0.560784313725,0.737254901961,0.560784313725}
\definecolor{darkseagreen}{rgb}{0.560784313725,0.737254901961,0.560784313725}
\definecolor{DarkSlateBlue}{rgb}{0.282352941176,0.239215686275,0.545098039216}
\definecolor{darkslateblue}{rgb}{0.282352941176,0.239215686275,0.545098039216}
\definecolor{DarkSlateGray}{rgb}{0.18431372549,0.309803921569,0.309803921569}
\definecolor{darkslategray}{rgb}{0.18431372549,0.309803921569,0.309803921569}
\definecolor{DarkTurquoise}{rgb}{0.0,0.807843137255,0.819607843137}
\definecolor{darkturquoise}{rgb}{0.0,0.807843137255,0.819607843137}
\definecolor{DarkViolet}{rgb}{0.580392156863,0.0,0.827450980392}
\definecolor{darkviolet}{rgb}{0.580392156863,0.0,0.827450980392}
\definecolor{DeepPink}{rgb}{1.0,0.078431372549,0.576470588235}
\definecolor{deeppink}{rgb}{1.0,0.078431372549,0.576470588235}
\definecolor{DeepSkyBlue}{rgb}{0.0,0.749019607843,1.0}
\definecolor{deepskyblue}{rgb}{0.0,0.749019607843,1.0}
\definecolor{DimGray}{rgb}{0.411764705882,0.411764705882,0.411764705882}
\definecolor{dimgray}{rgb}{0.411764705882,0.411764705882,0.411764705882}
\definecolor{DodgerBlue}{rgb}{0.117647058824,0.564705882353,1.0}
\definecolor{dodgerblue}{rgb}{0.117647058824,0.564705882353,1.0}
\definecolor{FireBrick}{rgb}{0.698039215686,0.133333333333,0.133333333333}
\definecolor{firebrick}{rgb}{0.698039215686,0.133333333333,0.133333333333}
\definecolor{FloralWhite}{rgb}{1.0,0.980392156863,0.941176470588}
\definecolor{floralwhite}{rgb}{1.0,0.980392156863,0.941176470588}
\definecolor{ForestGreen}{rgb}{0.133333333333,0.545098039216,0.133333333333}
\definecolor{forestgreen}{rgb}{0.133333333333,0.545098039216,0.133333333333}
\definecolor{Fuchsia}{rgb}{1.0,0.0,1.0}
\definecolor{fuchsia}{rgb}{1.0,0.0,1.0}
\definecolor{Gainsboro}{rgb}{0.862745098039,0.862745098039,0.862745098039}
\definecolor{gainsboro}{rgb}{0.862745098039,0.862745098039,0.862745098039}
\definecolor{GhostWhite}{rgb}{0.972549019608,0.972549019608,1.0}
\definecolor{ghostwhite}{rgb}{0.972549019608,0.972549019608,1.0}
\definecolor{Gold}{rgb}{1.0,0.843137254902,0.0}
\definecolor{gold}{rgb}{1.0,0.843137254902,0.0}
\definecolor{GoldenRod}{rgb}{0.854901960784,0.647058823529,0.125490196078}
\definecolor{goldenrod}{rgb}{0.854901960784,0.647058823529,0.125490196078}
\definecolor{Gray}{rgb}{0.501960784314,0.501960784314,0.501960784314}
\definecolor{gray}{rgb}{0.501960784314,0.501960784314,0.501960784314}
\definecolor{Green}{rgb}{0.0,0.501960784314,0.0}
%\definecolor{green}{rgb}{0.0,0.501960784314,0.0}
\definecolor{GreenYellow}{rgb}{0.678431372549,1.0,0.18431372549}
\definecolor{greenyellow}{rgb}{0.678431372549,1.0,0.18431372549}
\definecolor{HoneyDew}{rgb}{0.941176470588,1.0,0.941176470588}
\definecolor{honeydew}{rgb}{0.941176470588,1.0,0.941176470588}
\definecolor{HotPink}{rgb}{1.0,0.411764705882,0.705882352941}
\definecolor{hotpink}{rgb}{1.0,0.411764705882,0.705882352941}
\definecolor{IndianRed}{rgb}{0.803921568627,0.360784313725,0.360784313725}
\definecolor{indianred}{rgb}{0.803921568627,0.360784313725,0.360784313725}
\definecolor{Indigo}{rgb}{0.294117647059,0.0,0.509803921569}
\definecolor{indigo}{rgb}{0.294117647059,0.0,0.509803921569}
\definecolor{Ivory}{rgb}{1.0,1.0,0.941176470588}
\definecolor{ivory}{rgb}{1.0,1.0,0.941176470588}
\definecolor{Khaki}{rgb}{0.941176470588,0.901960784314,0.549019607843}
\definecolor{khaki}{rgb}{0.941176470588,0.901960784314,0.549019607843}
\definecolor{Lavender}{rgb}{0.901960784314,0.901960784314,0.980392156863}
\definecolor{lavender}{rgb}{0.901960784314,0.901960784314,0.980392156863}
\definecolor{LavenderBlush}{rgb}{1.0,0.941176470588,0.960784313725}
\definecolor{lavenderblush}{rgb}{1.0,0.941176470588,0.960784313725}
\definecolor{LawnGreen}{rgb}{0.486274509804,0.988235294118,0.0}
\definecolor{lawngreen}{rgb}{0.486274509804,0.988235294118,0.0}
\definecolor{LemonChiffon}{rgb}{1.0,0.980392156863,0.803921568627}
\definecolor{lemonchiffon}{rgb}{1.0,0.980392156863,0.803921568627}
\definecolor{LightBlue}{rgb}{0.678431372549,0.847058823529,0.901960784314}
\definecolor{lightblue}{rgb}{0.678431372549,0.847058823529,0.901960784314}
\definecolor{LightCoral}{rgb}{0.941176470588,0.501960784314,0.501960784314}
\definecolor{lightcoral}{rgb}{0.941176470588,0.501960784314,0.501960784314}
\definecolor{LightCyan}{rgb}{0.878431372549,1.0,1.0}
\definecolor{lightcyan}{rgb}{0.878431372549,1.0,1.0}
\definecolor{LightGoldenRodYellow}{rgb}{0.980392156863,0.980392156863,0.823529411765}
\definecolor{lightgoldenrodyellow}{rgb}{0.980392156863,0.980392156863,0.823529411765}
\definecolor{LightGrey}{rgb}{0.827450980392,0.827450980392,0.827450980392}
\definecolor{lightgrey}{rgb}{0.827450980392,0.827450980392,0.827450980392}
\definecolor{LightGreen}{rgb}{0.564705882353,0.933333333333,0.564705882353}
\definecolor{lightgreen}{rgb}{0.564705882353,0.933333333333,0.564705882353}
\definecolor{LightPink}{rgb}{1.0,0.713725490196,0.756862745098}
\definecolor{lightpink}{rgb}{1.0,0.713725490196,0.756862745098}
\definecolor{LightSalmon}{rgb}{1.0,0.627450980392,0.478431372549}
\definecolor{lightsalmon}{rgb}{1.0,0.627450980392,0.478431372549}
\definecolor{LightSeaGreen}{rgb}{0.125490196078,0.698039215686,0.666666666667}
\definecolor{lightseagreen}{rgb}{0.125490196078,0.698039215686,0.666666666667}
\definecolor{LightSkyBlue}{rgb}{0.529411764706,0.807843137255,0.980392156863}
\definecolor{lightskyblue}{rgb}{0.529411764706,0.807843137255,0.980392156863}
\definecolor{LightSlateGray}{rgb}{0.466666666667,0.533333333333,0.6}
\definecolor{lightslategray}{rgb}{0.466666666667,0.533333333333,0.6}
\definecolor{LightSteelBlue}{rgb}{0.690196078431,0.76862745098,0.870588235294}
\definecolor{lightsteelblue}{rgb}{0.690196078431,0.76862745098,0.870588235294}
\definecolor{LightYellow}{rgb}{1.0,1.0,0.878431372549}
\definecolor{lightyellow}{rgb}{1.0,1.0,0.878431372549}
\definecolor{Lime}{rgb}{0.0,1.0,0.0}
\definecolor{lime}{rgb}{0.0,1.0,0.0}
\definecolor{LimeGreen}{rgb}{0.196078431373,0.803921568627,0.196078431373}
\definecolor{limegreen}{rgb}{0.196078431373,0.803921568627,0.196078431373}
\definecolor{Linen}{rgb}{0.980392156863,0.941176470588,0.901960784314}
\definecolor{linen}{rgb}{0.980392156863,0.941176470588,0.901960784314}
\definecolor{Magenta}{rgb}{1.0,0.0,1.0}
%\definecolor{magenta}{rgb}{1.0,0.0,1.0}
\definecolor{Maroon}{rgb}{0.501960784314,0.0,0.0}
\definecolor{maroon}{rgb}{0.501960784314,0.0,0.0}
\definecolor{MediumAquaMarine}{rgb}{0.4,0.803921568627,0.666666666667}
\definecolor{mediumaquamarine}{rgb}{0.4,0.803921568627,0.666666666667}
\definecolor{MediumBlue}{rgb}{0.0,0.0,0.803921568627}
\definecolor{mediumblue}{rgb}{0.0,0.0,0.803921568627}
\definecolor{MediumOrchid}{rgb}{0.729411764706,0.333333333333,0.827450980392}
\definecolor{mediumorchid}{rgb}{0.729411764706,0.333333333333,0.827450980392}
\definecolor{MediumPurple}{rgb}{0.576470588235,0.439215686275,0.847058823529}
\definecolor{mediumpurple}{rgb}{0.576470588235,0.439215686275,0.847058823529}
\definecolor{MediumSeaGreen}{rgb}{0.235294117647,0.701960784314,0.443137254902}
\definecolor{mediumseagreen}{rgb}{0.235294117647,0.701960784314,0.443137254902}
\definecolor{MediumSlateBlue}{rgb}{0.482352941176,0.407843137255,0.933333333333}
\definecolor{mediumslateblue}{rgb}{0.482352941176,0.407843137255,0.933333333333}
\definecolor{MediumSpringGreen}{rgb}{0.0,0.980392156863,0.603921568627}
\definecolor{mediumspringgreen}{rgb}{0.0,0.980392156863,0.603921568627}
\definecolor{MediumTurquoise}{rgb}{0.282352941176,0.819607843137,0.8}
\definecolor{mediumturquoise}{rgb}{0.282352941176,0.819607843137,0.8}
\definecolor{MediumVioletRed}{rgb}{0.780392156863,0.0823529411765,0.521568627451}
\definecolor{mediumvioletred}{rgb}{0.780392156863,0.0823529411765,0.521568627451}
\definecolor{MidnightBlue}{rgb}{0.0980392156863,0.0980392156863,0.439215686275}
\definecolor{midnightblue}{rgb}{0.0980392156863,0.0980392156863,0.439215686275}
\definecolor{MintCream}{rgb}{0.960784313725,1.0,0.980392156863}
\definecolor{mintcream}{rgb}{0.960784313725,1.0,0.980392156863}
\definecolor{MistyRose}{rgb}{1.0,0.894117647059,0.882352941176}
\definecolor{mistyrose}{rgb}{1.0,0.894117647059,0.882352941176}
\definecolor{Moccasin}{rgb}{1.0,0.894117647059,0.709803921569}
\definecolor{moccasin}{rgb}{1.0,0.894117647059,0.709803921569}
\definecolor{NavajoWhite}{rgb}{1.0,0.870588235294,0.678431372549}
\definecolor{navajowhite}{rgb}{1.0,0.870588235294,0.678431372549}
\definecolor{Navy}{rgb}{0.0,0.0,0.501960784314}
\definecolor{navy}{rgb}{0.0,0.0,0.501960784314}
\definecolor{OldLace}{rgb}{0.992156862745,0.960784313725,0.901960784314}
\definecolor{oldlace}{rgb}{0.992156862745,0.960784313725,0.901960784314}
\definecolor{Olive}{rgb}{0.501960784314,0.501960784314,0.0}
\definecolor{olive}{rgb}{0.501960784314,0.501960784314,0.0}
\definecolor{OliveDrab}{rgb}{0.419607843137,0.556862745098,0.137254901961}
\definecolor{olivedrab}{rgb}{0.419607843137,0.556862745098,0.137254901961}
\definecolor{Orange}{rgb}{1.0,0.647058823529,0.0}
\definecolor{orange}{rgb}{1.0,0.647058823529,0.0}
\definecolor{OrangeRed}{rgb}{1.0,0.270588235294,0.0}
\definecolor{orangered}{rgb}{1.0,0.270588235294,0.0}
\definecolor{Orchid}{rgb}{0.854901960784,0.439215686275,0.839215686275}
\definecolor{orchid}{rgb}{0.854901960784,0.439215686275,0.839215686275}
\definecolor{PaleGoldenRod}{rgb}{0.933333333333,0.909803921569,0.666666666667}
\definecolor{palegoldenrod}{rgb}{0.933333333333,0.909803921569,0.666666666667}
\definecolor{PaleGreen}{rgb}{0.596078431373,0.98431372549,0.596078431373}
\definecolor{palegreen}{rgb}{0.596078431373,0.98431372549,0.596078431373}
\definecolor{PaleTurquoise}{rgb}{0.686274509804,0.933333333333,0.933333333333}
\definecolor{paleturquoise}{rgb}{0.686274509804,0.933333333333,0.933333333333}
\definecolor{PaleVioletRed}{rgb}{0.847058823529,0.439215686275,0.576470588235}
\definecolor{palevioletred}{rgb}{0.847058823529,0.439215686275,0.576470588235}
\definecolor{PapayaWhip}{rgb}{1.0,0.937254901961,0.835294117647}
\definecolor{papayawhip}{rgb}{1.0,0.937254901961,0.835294117647}
\definecolor{PeachPuff}{rgb}{1.0,0.854901960784,0.725490196078}
\definecolor{peachpuff}{rgb}{1.0,0.854901960784,0.725490196078}
\definecolor{Peru}{rgb}{0.803921568627,0.521568627451,0.247058823529}
\definecolor{peru}{rgb}{0.803921568627,0.521568627451,0.247058823529}
\definecolor{Pink}{rgb}{1.0,0.752941176471,0.796078431373}
\definecolor{pink}{rgb}{1.0,0.752941176471,0.796078431373}
\definecolor{Plum}{rgb}{0.866666666667,0.627450980392,0.866666666667}
\definecolor{plum}{rgb}{0.866666666667,0.627450980392,0.866666666667}
\definecolor{PowderBlue}{rgb}{0.690196078431,0.878431372549,0.901960784314}
\definecolor{powderblue}{rgb}{0.690196078431,0.878431372549,0.901960784314}
\definecolor{Purple}{rgb}{0.501960784314,0.0,0.501960784314}
\definecolor{purple}{rgb}{0.501960784314,0.0,0.501960784314}
\definecolor{Red}{rgb}{1.0,0.0,0.0}
%\definecolor{red}{rgb}{1.0,0.0,0.0}
\definecolor{RosyBrown}{rgb}{0.737254901961,0.560784313725,0.560784313725}
\definecolor{rosybrown}{rgb}{0.737254901961,0.560784313725,0.560784313725}
\definecolor{RoyalBlue}{rgb}{0.254901960784,0.411764705882,0.882352941176}
\definecolor{royalblue}{rgb}{0.254901960784,0.411764705882,0.882352941176}
\definecolor{SaddleBrown}{rgb}{0.545098039216,0.270588235294,0.0745098039216}
\definecolor{saddlebrown}{rgb}{0.545098039216,0.270588235294,0.0745098039216}
\definecolor{Salmon}{rgb}{0.980392156863,0.501960784314,0.447058823529}
\definecolor{salmon}{rgb}{0.980392156863,0.501960784314,0.447058823529}
\definecolor{SandyBrown}{rgb}{0.956862745098,0.643137254902,0.376470588235}
\definecolor{sandybrown}{rgb}{0.956862745098,0.643137254902,0.376470588235}
\definecolor{SeaGreen}{rgb}{0.180392156863,0.545098039216,0.341176470588}
\definecolor{seagreen}{rgb}{0.180392156863,0.545098039216,0.341176470588}
\definecolor{SeaShell}{rgb}{1.0,0.960784313725,0.933333333333}
\definecolor{seashell}{rgb}{1.0,0.960784313725,0.933333333333}
\definecolor{Sienna}{rgb}{0.627450980392,0.321568627451,0.176470588235}
\definecolor{sienna}{rgb}{0.627450980392,0.321568627451,0.176470588235}
\definecolor{Silver}{rgb}{0.752941176471,0.752941176471,0.752941176471}
\definecolor{silver}{rgb}{0.752941176471,0.752941176471,0.752941176471}
\definecolor{SkyBlue}{rgb}{0.529411764706,0.807843137255,0.921568627451}
\definecolor{skyblue}{rgb}{0.529411764706,0.807843137255,0.921568627451}
\definecolor{SlateBlue}{rgb}{0.41568627451,0.352941176471,0.803921568627}
\definecolor{slateblue}{rgb}{0.41568627451,0.352941176471,0.803921568627}
\definecolor{SlateGray}{rgb}{0.439215686275,0.501960784314,0.564705882353}
\definecolor{slategray}{rgb}{0.439215686275,0.501960784314,0.564705882353}
\definecolor{Snow}{rgb}{1.0,0.980392156863,0.980392156863}
\definecolor{snow}{rgb}{1.0,0.980392156863,0.980392156863}
\definecolor{SpringGreen}{rgb}{0.0,1.0,0.498039215686}
\definecolor{springgreen}{rgb}{0.0,1.0,0.498039215686}
\definecolor{SteelBlue}{rgb}{0.274509803922,0.509803921569,0.705882352941}
\definecolor{steelblue}{rgb}{0.274509803922,0.509803921569,0.705882352941}
\definecolor{Tan}{rgb}{0.823529411765,0.705882352941,0.549019607843}
\definecolor{tan}{rgb}{0.823529411765,0.705882352941,0.549019607843}
\definecolor{Teal}{rgb}{0.0,0.501960784314,0.501960784314}
\definecolor{teal}{rgb}{0.0,0.501960784314,0.501960784314}
\definecolor{Thistle}{rgb}{0.847058823529,0.749019607843,0.847058823529}
\definecolor{thistle}{rgb}{0.847058823529,0.749019607843,0.847058823529}
\definecolor{Tomato}{rgb}{1.0,0.388235294118,0.278431372549}
\definecolor{tomato}{rgb}{1.0,0.388235294118,0.278431372549}
\definecolor{Turquoise}{rgb}{0.250980392157,0.878431372549,0.81568627451}
\definecolor{turquoise}{rgb}{0.250980392157,0.878431372549,0.81568627451}
\definecolor{Violet}{rgb}{0.933333333333,0.509803921569,0.933333333333}
\definecolor{violet}{rgb}{0.933333333333,0.509803921569,0.933333333333}
\definecolor{Wheat}{rgb}{0.960784313725,0.870588235294,0.701960784314}
\definecolor{wheat}{rgb}{0.960784313725,0.870588235294,0.701960784314}
\definecolor{White}{rgb}{1.0,1.0,1.0}
%\definecolor{white}{rgb}{1.0,1.0,1.0}
\definecolor{WhiteSmoke}{rgb}{0.960784313725,0.960784313725,0.960784313725}
\definecolor{whitesmoke}{rgb}{0.960784313725,0.960784313725,0.960784313725}
\definecolor{Yellow}{rgb}{1.0,1.0,0.0}
%\definecolor{yellow}{rgb}{1.0,1.0,0.0}
\definecolor{YellowGreen}{rgb}{0.603921568627,0.803921568627,0.196078431373}
\definecolor{yellowgreen}{rgb}{0.603921568627,0.803921568627,0.196078431373}

\definecolor{shadecolor}{gray}{0.9}
\definecolor{mydarkgreen}{rgb}{0.0,0.5625,0.0} 
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The word {\bfseries {\itshape biology}}{\itshape } means, \symbol{34}the science of life\symbol{34}, from the Greek {\bfseries  bios,}  {\itshape life}, and {\bfseries  logos,} {\itshape word} or {\itshape knowledge.} Therefore, Biology is the science of Living Things. That is why Biology is sometimes known as Life Science.

The science has been divided into many subdisciplines, such as \myhref{http://en.wikibooks.org/wiki/botany}{botany}, bacteriology, \myhref{http://en.wikibooks.org/wiki/anatomy}{anatomy}, zoology, histology, mycology, embryology, parasitology, \myhref{http://en.wikibooks.org/wiki/genetics}{genetics}, \myhref{http://en.wikibooks.org/wiki/Molecular\%20Biology}{molecular biology}, systematics, immunology, \myhref{http://en.wikibooks.org/wiki/microbiology}{microbiology}, physiology, \myhref{http://en.wikibooks.org/wiki/Cell\%20Biology}{cell biology}, cytology, \myhref{http://en.wikibooks.org/wiki/ecology}{ecology}, and virology. Other branches of science include or are comprised in part of biology studies, including \myhref{http://en.wikibooks.org/wiki/paleontology}{paleontology}, taxonomy, evolution, phycology, helimentology, protozoology, entomology,  biochemistry, biophysics, biomathematics, bio engineering, bio climatology and anthropology. 

\section{Characteristics of life}
\label{4}

Not all scientists agree on the definition of just what makes up life. Various characteristics describe most living things. However, with most of the characteristics listed below we can think of one or more examples that would seem to break the rule, with something nonliving being classified as living or something living classified as nonliving. Therefore we are careful not to be too dogmatic in our attempt to explain which things are living or nonliving.

\begin{myitemize}
\item{} Living things are composed of {\bfseries matter structured in an orderly way} where simple molecules are ordered together into much larger macromolecules.
\end{myitemize}


An easy way to remember this is GRIMNERD C
All organisms;
-{} {\bfseries G}row, {\bfseries R}espire, {\bfseries I}nteract, {\bfseries M}ove, Need {\bfseries N}utrients, {\bfseries E}xcrete (Waste), {\bfseries R}eproduce,{\bfseries D}eath, {\bfseries C}ells (Made of)

\begin{myitemize}
\item{} Living things are {\bfseries sensitive,} meaning they are able to {\bfseries  respond to stimuli. }
\end{myitemize}


\begin{myitemize}
\item{} Living things are able to {\bfseries grow}, {\bfseries develop}, and {\bfseries reproduce}. 
\end{myitemize}


\begin{myitemize}
\item{} Living things are able to {\bfseries adapt} over time by the process of {\bfseries natural selection}.
\end{myitemize}


\begin{myitemize}
\item{} All known living things use the {\bfseries hereditary molecule, \myhref{http://en.wikipedia.org/wiki/DNA}{DNA}}.
\end{myitemize}


\begin{myitemize}
\item{} Internal functions are coordinated and {\bfseries regulated} so that the internal environment of a living thing is relatively constant, referred to as {\bfseries \myhref{http://en.wikipedia.org/wiki/homeostasis}{homeostasis}.}
\end{myitemize}


Living things are organized in the microscopic level from atoms up to \myhref{http://en.wikipedia.org/wiki/cell}{cells}. Atoms are arranged into molecules, then into \myhref{http://en.wikipedia.org/wiki/macromolecule}{macromolecules}, which make up \myhref{http://en.wikipedia.org/wiki/organelle}{organelles}, which work together to form cells. Beyond this, cells are organized in higher levels to form entire multicellular organisms. Cells together form \myhref{http://en.wikibooks.org/wiki/General\%20Biology\%2FTissues}{tissues}, which make up organs, which are part of organ systems, which work together to form an entire organism. Of course, beyond this, organisms form populations which make up parts of an ecosystem. All of the Earth\textquotesingle{}s ecosystems together form the diverse environment that is the earth.

Example:-{}

sub atoms, atoms, molecules, cells, tissues, organs, organ systems, organisms, population, community, eco systems
\section{Nature of science}
\label{5}

Science is a {\bfseries methodology} for {\bfseries learning about the world}. It involves the {\bfseries application of knowledge}.

The scientific method deals with {\bfseries systematic investigation}, {\bfseries reproducible results}, the formation and testing of {\bfseries hypotheses}, and {\bfseries reasoning.} 

Reasoning can be broken down into two categories, {\bfseries induction} (specific data is used to develop a generalized observation or conclusion) and {\bfseries deduction} (general information leads to specific conclusion). Most reasoning in science is done through induction.

Science as we now know it arose as a discipline in the 17th century.
\section{Scientific method}
\label{6}


The scientific method is not a step by step, linear process.  It is an intuitive process, a methodology for learning about the world through the application of knowledge.  Scientists must be able to have an \symbol{34}imaginative preconception\symbol{34} of what the truth is.  Scientists will often observe and then hypothesize the reason why a phenomenon occurred.  They use all of their knowledge and a bit of imagination, all in an attempt to uncover something that might be true.    A typical scientific investigation might go like so:

\begin{myquote}
\item{} You {\itshape observe} that a room appears dark, and you ponder {\itshape why} the room is dark.  In an attempt to find explanations to this curiosity, your mind unravels several different {\itshape hypotheses}.  One hypothesis might state that the lights are turned off.  Another hunch might be that the room\textquotesingle{}s lightbulb has burnt out.  Worst yet, you could be going blind.  To discover the truth, you {\itshape experiment}.  You feel your way around the room and find a light switch and turn it on.  No light.  You {\itshape repeat} the experiment, flicking the switch back and forth.  Still nothing.  That means your initial hypothesis, the room is dark because the lights are off, has been {\itshape rejected}.  You devise more experiments to test your hypotheses, utilizing a flashlight to prove that you are indeed not blind.  In order to {\itshape accept} your last remaining hypothesis as the truth,  you could {\itshape predict} that changing the light bulb will fix the problem.  If all your predictions succeed, the original hypothesis is valid and is accepted.  In some cases, however, your predictions will not occur, in which you\textquotesingle{}ll have to start over.  Perhaps the power is off.
\end{myquote}



\begin{minipage}{1.0\linewidth}
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Scientists first make observations that raise a particular question.  In order to explain the observed phenomenon, they develop a number of possible explanations, or hypotheses.  This is the inductive part of science, observing and constructing plausible arguments for why an event occurred.  Experiments are then used to eliminate one of more of the possible hypotheses until one hypothesis remains.  Using deduction, scientists use the principles of their hypothesis to make predictions, and then test to make sure that their predictions are confirmed.  After many trials (repeatability) and all predictions have been confirmed, the hypothesis then may become a theory.

{\bfseries Quick Definitions}

\begin{myquote}
\item{} {\bfseries Observation} -{} Quantitative and qualitative measurements of the world.
\item{} {\bfseries Inference} -{} Deriving new knowledge based upon old knowledge.
\item{} {\bfseries Hypotheses} -{} A suggested explanation.
\item{} {\bfseries Rejected Hypothesis} -{} An explanation that has been ruled out through experimentation.
\item{} {\bfseries Accepted Hypothesis} -{} An explanation that has not been ruled out through excessive experimentation and makes verifiable predictions that are true.
\item{} {\bfseries Experiment} -{} A test that is used to rule out a hypothesis or validate something already known.
\item{} {\bfseries Scientific Method} -{} The process of scientific investigation.
\item{} {\bfseries Theory} -{} A widely accepted hypothesis that stands the test of time.  Often tested, and usually never rejected.
\end{myquote}


The scientific method is based primarily on the testing of hypotheses by experimentation. This involves a {\bfseries control}, or subject that does not undergo the process in question. A scientist will also seek to limit variables to one or another very small number, single or minimum number of variables. The procedure is to form a hypothesis or prediction about what you believe or expect to see and then do everything you can to violate that, or falsify the hypotheses. Although this may seem unintuitive, the process serves to establish more firmly what is and what is not true. 

A founding principle in science is a lack of absolute truth: the accepted explanation is the most likely and is the basis for further hypotheses as well as for falsification. All knowledge has its relative uncertainty.

{\bfseries Theories} are hypotheses which have withstood repeated attempts at falsification. Common theories include evolution by natural selection and the idea that all organisms consist of cells. The scientific community asserts that much more evidence supports these two ideas than contradicts them.
\section{Charles Darwin}
\label{7}
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Charles Darwin is most remembered today for his contribution of the theory of {\bfseries evolution through natural selection}. 

The seeds of this theory were planted in Darwin\textquotesingle{}s mind through observations made on a five-{}year voyage through the New World on a ship called the Beagle. There, he studied fossils and the geological record, geographic distribution of organisms, the uniqueness and relatedness of island life forms, and the affinity of island forms to mainland forms.

Upon his return to England, Darwin pondered over his observations and concluded that evolution must occur through natural selection. He declined, however, to publish his work because of its controversial nature. However, when another scientist, Wallace, reached similar conclusions, Darwin was convinced to publish his observations in 1859. His hypothesis revolutionized biology and has yet to be falsified by empirical data collected by mainstream scientists.
\section{After Darwin}
\label{8}

Since Darwin\textquotesingle{}s day, scientists have amassed a more complete {\bfseries fossil record}, including {\bfseries microorganisms} and {\bfseries chemical fossils}. These fossils have supported and added subtleties to Darwin\textquotesingle{}s theories. However, the age of the Earth is now held to be much older than Darwin thought. Researchers have also uncovered some of the preliminary mysteries of the mechanism of heredity as carried out through {\bfseries genetics} and {\bfseries DNA}, areas unknown to Darwin. Another growing area is {\bfseries comparative anatomy} including homology and analogy. 

Today we can see a bit of evolutionary history in the {\bfseries development } of embryos, as certain (although not all) aspects of development recapitulate evolutionary history. 

The \myhref{http://en.wikibooks.org/wiki/molecular\%20biology}{molecular biology} study of slowly mutating genes reveal considerable evolutionary history consistent with fossil and anatomical record.
\section{Challenges to Darwin}
\label{9}
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Darwin and his theories have been challenged many times in the last 150 years. The challenges have been primarily religious based on a perceived conflict with the preconceived notion of creationism. Many of those who challenge Darwin have been adherents to the young earth hypothesis that says that the Earth is only some 6000 years old and that all species were individually created by a god. Some of the proponents of these theories have suggested that chemical and physical laws that exist today were different or nonexistent in earlier ages. However, for the most part, these theories are either not scientifically testable and fall outside the area of attention of the field of biology, or have been disproved by one or more fields of science.

{\itshape This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of Cleveland State University.}
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\label{11}\section{Matter}
\label{12}
Matter is defined as anything that has \myhref{http://en.wikipedia.org/wiki/mass}{mass} (an amount of matter in an object) and occupies \myhref{http://en.wikipedia.org/wiki/space\%23Physics}{space} (which is measured as \myhref{http://en.wikipedia.org/wiki/volume}{volume}).
\begin{myitemize}
\item{}  Particles, from smallest to largest
\begin{myenumerate}
\item{}  Subatomic particles
\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/Electrons}{Electrons}
\item{}  \myhref{http://en.wikipedia.org/wiki/Protons}{Protons}
\item{}  \myhref{http://en.wikipedia.org/wiki/Neutrons}{Neutrons}
\end{myitemize}

\item{}  Atoms
\item{}  Molecules
\item{}  Macromolecules
\end{myenumerate}

\item{}  Origin of matter
\begin{myenumerate}
\item{}  \myhref{http://en.wikipedia.org/wiki/Big\%20Bang}{Big Bang}, about 13.7 billion years ago
\item{}  \myhref{http://en.wikipedia.org/wiki/Hydrogen}{Hydrogen}, \myhref{http://en.wikipedia.org/wiki/Helium}{helium}
\item{}  Heavier elements formed in suns, super nova
\begin{myitemize}
\item{}  Earth\textquotesingle{}s matter predates formation of sun, 4.5 billion years ago
\end{myitemize}

\end{myenumerate}

\item{}  All matter consists of atoms, which are composed of : electrons, protons, neutrons
\end{myitemize}

\section{The atom}
\label{13}
\begin{myitemize}
\item{}  Example: Hydrogen
\begin{myitemize}
\item{}  The simplest element
\item{}  One proton (+)
\item{}  One electron in orbit (-{})
\end{myitemize}

\item{}  Built by adding one proton (and one electron) at a time
\item{}  Number of protons determines atomic number and number of electrons
\item{}  Neutrons
\begin{myitemize}
\item{}  Neutral charge
\item{}  Contribute mass
\item{}  May decay
\end{myitemize}

\item{}  \myhref{http://en.wikipedia.org/wiki/Oxygen}{Oxygen}
\begin{myitemize}
\item{}  8 protons (mass)
\item{}  8 electrons
\item{}  8 neutrons (mass)
\end{myitemize}

\end{myitemize}

\section{Mass and isotopes}
\label{14}
\begin{myitemize}
\item{}  Atomic mass
\begin{myitemize}
\item{}  Sum of masses of protons and neutrons
\item{}  Measured in daltons or AMU (Atomic Mass Unit)
\item{}  An AMU is 1/12 the mass of Carbon-{}12
\item{}  proton \~{}1 AMU or dalton
\item{}  6.024 x 10\textsuperscript{23} daltons/gram
\end{myitemize}

\item{}  Atoms with same atomic number belong to same element
\item{}  Isotopes
\begin{myitemize}
\item{}  Same atomic number but different atomic mass
\item{}  Some are radioactive
\item{}  Uses of isotopes
\begin{myitemize}
\item{}  Radioactive: 3H, 14C, 32P, 35S
\begin{myitemize}
\item{}  Tracers in biochemical reactions
\item{}  Detection of molecules in recombinant DNA technology (genetic engineering)
\item{}  Half-{}life: dating of rocks, fossils
\end{myitemize}

\item{}  Non-{}radioactive (N, C, O)
\begin{myitemize}
\item{}  Diet of organisms (including fossils)
\item{}  Biochemical tracers
\end{myitemize}

\end{myitemize}

\end{myitemize}

\end{myitemize}

\section{Electrons}
\label{15}
\begin{myitemize}
\item{}  Negative charge
\item{}  Held in orbit about nucleus by attraction to positively charged nucleus
\item{}  Atom may gain or lose electron, altering charge
\begin{myitemize}
\item{}  Cation: loses electron, positive charge
\begin{myitemize}
\item{}  Na\textsuperscript{+}
\end{myitemize}

\item{}  Anion: gains electron, negative charge
\begin{myitemize}
\item{}  Cl\textsuperscript{-{}}
\end{myitemize}

\end{myitemize}

\item{}  Determine chemical properties of atoms
\begin{myitemize}
\item{}  Number
\item{}  Energy level
\end{myitemize}

\end{myitemize}

\section{Chemical bonds}
\label{16}
\begin{myitemize}
\item{}  Form molecules
\item{}  Enzymes: make, break, rearrange chemical bonds in living systems
\item{}  Ionic
\item{}  Covalent
\begin{myitemize}
\item{}  Sharing of one or more pairs of electrons
\begin{myitemize}
\item{}  Called single, double, or triple
\end{myitemize}

\item{}  No net charge (as in ionic bonds)
\item{}  No free electrons
\item{}  Give rise to discrete molecules
\item{}  Hydrogen
\end{myitemize}

\end{myitemize}

\section{Chemical reactions}
\label{17}
\begin{myitemize}
\item{}  Formation and breaking of chemical bonds
\item{}  Shifting arrangement of atoms
\item{}  Reactants -{}>{} products
\item{}  Reactions are influenced by:
\begin{myitemize}
\item{}  Temperature
\item{}  Concentration of reactants, products
\item{}  Presence of catalysts (enzymes)
\end{myitemize}

\item{}  Oxidation:reduction
\end{myitemize}
\section{Water}
\label{18}
\begin{myitemize}
\item{}  Essential for life
\item{}  \~{}75\% earth\textquotesingle{}s surface is water
\item{}  Life evolved in water
\item{}  Solvent for many types of solutes
\item{}  High specific heat
\item{}  High polarity
\begin{myitemize}
\item{} Creates a slightly negative Oxygen and a Slightly positive hydrogen
\item{} allows formation of Hydrogen Bonds
\end{myitemize}

\end{myitemize}

\subsection{Hydrogen bonding}
\label{19}
\begin{myitemize}
\item{}  A type of polar interaction
\item{}  Critical for:
\begin{myitemize}
\item{}  Protein structure
\item{}  Enzymatic reactions
\item{}  Movement of water in plant stems
\end{myitemize}

\item{}  Weak and transient
\item{}  Powerful cumulative effect
\begin{myitemize}
\item{}  Solubility of many compounds
\item{}  Cohesion (capillary action)
\item{}  Lower density of ice
\end{myitemize}

\item{}  Formed between molecules other than water
\begin{myitemize}
\item{}  Protein structure
\item{}  \myhref{http://en.wikipedia.org/wiki/DNA}{DNA}, \myhref{http://en.wikipedia.org/wiki/RNA}{RNA} structure
\end{myitemize}

\end{myitemize}

Water organizes nonpolar molecules
\begin{myitemize}
\item{}  Nonpolar molecules: no polarity (+/-{}) charges
\item{}  Hydrophobic: exclude water because they don\textquotesingle{}t form hydrogen bonds with it
\item{}  Consequences:
\begin{myitemize}
\item{}  Membranes
\item{}  Protein structure
\end{myitemize}

\item{}  Hydrophilic: polar substances associate with water
\end{myitemize}

Ionization of water: H\textsubscript{2}O -{}>{} H\textsuperscript{+} + OH\textsuperscript{-{}} 
\begin{myitemize}
\item{}  Forms a Hydrogen ion (H\textsuperscript{+}), hydroxide ion (OH\textsuperscript{-{}})
\item{}  Due to spontaneous breakage of covalent bond
\item{}  At 25Â°C, 1 liter of water contains 10-{}7 moles of H\textsuperscript{+} ions: 10-{}7 moles/liter
\end{myitemize}

pH
\begin{myitemize}
\item{}  A convenient way of indicating H\textsuperscript{+} concentration
\item{}  \myhref{http://en.wikipedia.org/wiki/pH}{pH} = -{}log{$\text{[}$}H\textsuperscript{+}{$\text{]}$}
\item{}  For water, pH = -{}log{$\text{[}$}10-{}7{$\text{]}$} = 7
\item{}  Since for each H\textsuperscript{+} in pure water, there is one OH\textsuperscript{-{}}, pH of 7 indicates neutrality
\item{}  Logarithmic scale
\end{myitemize}


Buffer
\begin{myitemize}
\item{}  Reservoir for H\textsuperscript{+}
\item{}  Maintains relatively constant pH over buffering range
\end{myitemize}


{\itshape This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the Cleveland State University.}
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Building blocks of life
\begin{myitemize}
\item{}  Carbon based: organic molecules
\item{}  Carbohydrates: CHO
\item{}  Lipids: CHO, water insoluble
\item{}  Proteins: CHONS, structure/function in cells
\item{}  Nucleic acids: CHONP, hereditary (genetic) information
\end{myitemize}
\section{Carbon}
\label{22}
\begin{myitemize}
\item{}  Can make 4 \myhref{http://en.wikipedia.org/wiki/covalent\%20bonds}{covalent bonds}
\begin{myitemize}
\item{}  Chains
\begin{myitemize}
\item{}  Straight
\item{}  Branched
\item{}  Ring
\end{myitemize}

\item{}  \myhref{http://en.wikipedia.org/wiki/Hydrocarbons}{Hydrocarbons} (C, H): store energy
\item{}  Functional groups
\begin{myitemize}
\item{}  Attach to carbon
\item{}  Alter chemical properties
\item{}  Form macromolecules
\item{}  Sapoteton
\end{myitemize}

\end{myitemize}

\end{myitemize}

\section{Carbohydrates}
\label{23}
\begin{myitemize}
\item{}  Principally CHO (rare N, S and P)
\begin{myitemize}
\item{}  1C:2H:1O ratio
\item{}  Energy rich (many C-{}H bonds)
\end{myitemize}

\item{}  Monosaccharides (principal: \myhref{http://en.wikipedia.org/wiki/glucose}{glucose})
\begin{myitemize}
\item{}  Simple sugars
\item{}  Principle formula: C\textsubscript{6}H\textsubscript{12}O\textsubscript{6}
\item{}  Form rings in water solution
\end{myitemize}

\item{}  Disaccharides (sucrose, lactose)
\item{}  Polysaccharides (starch, glycogen, cellulose, chitin)
\end{myitemize}

\section{Stereoisomers}
\label{24}
\begin{myitemize}
\item{}  Bond angles of carbon point to corners of a tetrahedron
\item{}  When 4 different groups are attached to a carbon, it is asymmetric, leading to various types of isomerism
\begin{myitemize}
\item{}  Stereoisomers: (D, L)
\end{myitemize}

\item{}  Same chemical properties
\item{}  Different biological properties
\item{}  D sugars, L amino acids
\end{myitemize}

\section{Lipids}
\label{25}
\begin{myitemize}
\item{}  C-{}H bonds (nonpolar) instead of C-{}OH bonds as in carbohydrates
\begin{myitemize}
\item{}  High energy
\item{}  Hydrophobic (insoluble in water)
\end{myitemize}

\item{}  Categories
\begin{myitemize}
\item{}  Fats: glycerol and three fatty acids
\item{}  Phospholipids: primary component of membranes
\item{}  Prostaglandins: chemical messengers (hormones)
\item{}  Steroids: membrane component; hormones
\item{}  Terpenes: pigments; structure
\end{myitemize}

\end{myitemize}

\subsection{Fatty acids}
\label{26}
\begin{myitemize}
\item{}  Hydrocarbon chain
\begin{myitemize}
\item{}  Even number of C, 14-{}>{}20
\item{}  Terminates in carboxyl group
\end{myitemize}

\end{myitemize}


\begin{myitemize}
\item{}  Saturated: contain maximum number of hydrogens (all single bonds); maximum energy
\item{}  Unsaturated: one or more double bonds
\begin{myitemize}
\item{}  Usually higher melting point
\item{}  Many common oils are polyunsaturated
\end{myitemize}

\end{myitemize}

\section{Proteins}
\label{27}
\begin{myitemize}
\item{}  Polymer of amino acids
\begin{myitemize}
\item{}  21 different amino acids found in proteins
\item{}  Sequence of amino acids determined by gene
\end{myitemize}

\item{}  Amino acid sequence determines shape of molecule
\begin{myitemize}
\item{}  Linked by peptide bond (covalent)
\end{myitemize}

\item{}  Functions
\begin{myitemize}
\item{}  regulate chemical reactions and cell processes {$\text{[}$}enzymes{$\text{]}$}
\item{}  form bone and muscle; various other tissues
\item{}  facilitate transport across cell membrane {$\text{[}$}carrier proteins{$\text{]}$}
\item{}  fight disease {$\text{[}$}antibodies{$\text{]}$}
\end{myitemize}

\item{}  Motifs: folding patterns of secondary structure 
\item{}  Domains: structural, functional part of protein often independent of another part; often encoded by different exons
\item{}  Shape determines protein\textquotesingle{}s function
\end{myitemize}

\subsection{Amino acids}
\label{28}
\begin{myitemize}
\item{}  21 commonly found in proteins
\begin{myitemize}
\item{}  21st is selenocysteine, not mentioned in text
\end{myitemize}

\item{}  Common structure
\begin{myitemize}
\item{}  Amino group: NH\textsubscript{2}
\item{}  Carboxyl group: COOH
\item{}  R group-{} 4 different kinds of R groups
\begin{myitemize}
\item{}  acidic
\item{}  basic
\item{}  hydrophilic (polar)
\item{}  hydrophobic (nonpolar)
\end{myitemize}

\end{myitemize}

\item{}  Confer individual properties on amino acids
\item{}  \myhref{http://en.wikipedia.org/wiki/Amino\%20acid\%23List\%20of\%20amino\%20acids}{List of amino acids}
\end{myitemize}

\subsection{Structure}
\label{29}
\begin{myitemize}
\item{}  Primary structure: the amino acid sequence
\begin{myitemize}
\item{}  Determines higher orders of structure
\item{}  Critical for structure and function of protein
\end{myitemize}

\item{}  Secondary: stabilized by intramolecular hydrogen bonding
\begin{myitemize}
\item{}  helix
\item{}  sheet
\end{myitemize}

\item{}  Tertiary: folding, stabilized by ionic bonds (between R groups), hydrogen bonding, van der Waal\textquotesingle{}s forces, hydrophobic interactions
\item{}  Quaternary: _ 2 polypeptides
\end{myitemize}

\subsection{Function}
\label{30}
\begin{myitemize}
\item{}  Requires proper folding, cofactors, pH, temperature, etc.
\item{}  Proteins are often modified after synthesis
\begin{myitemize}
\item{}  Chemical modification
\item{}  Addition of heme groups (hemoglobin, cytochrome)
\end{myitemize}

\item{}  Denatured proteins can not function properly
\item{}  Proteins are degraded by proteosome as part of constant turnover of cell components
\end{myitemize}

\section{Hereditary (Genetic) information}
\label{31}
\begin{myitemize}
\item{}  Nucleic acids
\begin{myitemize}
\item{}  DNA: deoxyribonucleic acid
\end{myitemize}

\item{}  Hereditary information of all cells
\item{}  Hereditary information for many viruses
\begin{myitemize}
\item{}  RNA: ribonucleic acid
\end{myitemize}

\item{}  Hereditary information of certain viruses (\myhref{http://en.wikipedia.org/wiki/HIV}{HIV})
\item{}  Intermediate in gene expression
\item{}  Composed of nucleotides
\begin{myitemize}
\item{}  Ribonucleotides
\item{}  Deoxyribonucleotides
\end{myitemize}

\end{myitemize}
\subsection{RNA DNA origin}
\label{32}
\begin{myitemize}
\item{}  Which came first?
\item{}  Paradox: DNA encodes protein necessary for its own replication
\item{}  Discovery of catalytic RNA by Cech and Altman suggested that RNA might have been first self-{}replicating molecule
\item{}  DNA evolved as more stable type of storage molecule
\end{myitemize}


{\itshape This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the Cleveland State University.}

Proteins:
Their building block is amino acids. The bond connecting 2 of the amino acids together are called peptide bonds.  One of these bonds makes a monopeptide, two a dipeptide, and any more than that makes a polypeptide.
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\myminitoc
\label{34}
\section{Properties of life}
\label{35}
\begin{myenumerate}
\item{}  Organization: Being structurally composed of one or more cells, which are the basic units of life. 
\begin{myitemize}
\item{}  prokaryote: no nucleus 
\item{}  eukaryote: membrane bound nucleus.$\text{ }$\newline{}

\end{myitemize}

\item{}  Sensitivity: respond to stimuli.$\text{ }$\newline{}

\item{}  Energy Processing$\text{ }$\newline{}

\item{}  Growth and Development$\text{ }$\newline{}

\item{}  Reproduction$\text{ }$\newline{}

\begin{myitemize}
\item{}  hereditary mechanisms to make more of self; DNA based.
\end{myitemize}

\item{}  Regulation, including homeostasis.$\text{ }$\newline{}

\item{}  Evolution.
\end{myenumerate}

\section{Origin of life: 3 hypotheses}
\label{36}

\begin{myitemize}
\item{}  Extraterrestrial origin (panspermia): meteor, comet borne from elsewhere in universe 
\begin{myitemize}
\item{}  evidence of amino acids and other organic material in space (but often both D \& L forms) 
\item{}  questionable bacterial fossils in Martian rock
\end{myitemize}

\end{myitemize}

-{}However, this would imply that some other origin of life was likely because it would have had to happen elsewhere before it could be transported here, and the only difference would be that life did not originate on Earth. 
\begin{myitemize}
\item{}  Spontaneous origin on earth: primitive self-{}replicating macromolecules acted upon by natural selection ((macro)Evolution is one example of this)
\end{myitemize}

-{}This is often attacked for the seeming impossibility for life to have been produced by a chemical reaction triggered by lightning and the ability of any produced DNA to actually be in a sequence that could produce a working model of life if replicated. It is also attacked for religious reasons, as it bypasses things like the idea of a supreme being directly creating humans. It also seems unlikely to some that such huge changes are possible in evolution without evidence of an \symbol{34}in-{}between stage\symbol{34} that is credible. Many of the stages of man are disputed due to their somewhat shakey grounds. For example, bones from other animals have been taken accidentally in some cases to be part of a humanoid, and complete skeletons have been sketched out from a limited number of bones.
\begin{myitemize}
\item{}  Special creation: religious explanations (Intelligent Design is one popular example of this.)  These explanations contend that life was created by God (or perhaps some other Intelligent Designer).
\begin{myitemize}
\item{}  Proponents of Intelligent design suggest that the vast complexity of life could only have been intentionally designed while other creationists cite biblical support. 
\end{myitemize}

\end{myitemize}

-{}This is often attacked for many of the same reasons that religion is attacked, and is often regarded as superstitious and/or unscientific.

\begin{myitemize}
\item{}  It is debated as to whether schools should teach one hypothesis or the other when talking about the origin of life. However, since they are all currently known major hypotheses (and sometimes hypotheses proven wrong are shown for educational purposes), this wikibook includes what it can without discriminating unfairly against one hypothesis or the other.
\end{myitemize}

\section{The early earth}
\label{37}
It is believed that the Earth was formed about 4.5 billion years ago. 
\begin{myitemize}
\item{}  Heavy bombardment by rubble ceased about 3.8 billion years ago.
\item{}  Reducing atmosphere: much free H 
\begin{myitemize}
\item{}  also H\textsubscript{2}O, NH\textsubscript{3}, CH\textsubscript{4} 
\item{}  little, if any, free O\textsubscript{2} 
\item{}  with numerous H electrons, require little energy to form organic compounds with C 
\end{myitemize}

\item{}  Warm oceans, estimated at 49-{}88Â°C 
\item{}  Lack of O\textsubscript{2} and consequent ozone (O\textsubscript{3}) meant considerable UV energy 
\end{myitemize}


Chemical reactions on early earth 
\begin{myitemize}
\item{}  UV and other energy sources would promote chemical reactions and formation of organic molecules 
\item{}  Testable hypothesis: Miller-{}Urey experiment 
\begin{myitemize}
\item{}  simulated early atmospheric conditions 
\item{}  found amino acids, sugars, etc., building blocks of life 
\item{}  won Nobel prize for work 
\item{}  experiment showed prebiotic synthesis of biological molecules was possible
\end{myitemize}

\end{myitemize}


Issues
\begin{myitemize}
\item{}  Miller later conceded that the conditions in his experiments were not representative of what is currently thought to be those of early earth
\item{}  He also conceded that science has no answer for how amino acids could self-{}organize into replicating molecules and cells
\item{}  In the 50 years since Miller-{}Urey, significant issues and problems for biogenesis have been identified.  This is a weak hypothesis at this time.
\item{}  Conclusion: Life exists, we don\textquotesingle{}t know why.
\end{myitemize}

\section{Origin of cells}
\label{38}
Cells are very small and decompose quickly after death.  As such, fossils of the earliest cells do not exist. Scientists have had to form a variety of theories on how cells (and hence life) was created on Earth.
\begin{myitemize}
\item{}  Bubble hypothesis 
\begin{myitemize}
\item{}  A. Oparin, J.B.S. Haldane, 1930â��s 
\end{myitemize}

\item{}  Primary abiogenesis: life as consequence of geochemical processes 
\item{}  Protobionts: isolated collections of organic material enclosed in hydrophobic bubbles 
\begin{myitemize}
\item{}  Numerous variants: microspheres, protocells, protobionts, micelles, liposomes, coacervates 
\end{myitemize}

\item{}  Other surfaces for evolution of life 
\begin{myitemize}
\item{}  deep sea thermal vents 
\item{}  ice crystals 
\item{}  clay surfaces 
\item{}  tidal pools
\end{myitemize}

\end{myitemize}

\section{The RNA world?}
\label{39}
\begin{myitemize}
\item{}  DNA {\mbox{$\rightarrow$}} RNA {\mbox{$\rightarrow$}} polypeptide (protein) 
\item{}  Catalytic RNA: ribozyme 
\begin{myitemize}
\item{}  discovered independently by Tom Cech and Sid Altman (Nobel prize) 
\item{}  catalytic properties: hydrolysis, polymerization, peptide bond formation, etc. 
\end{myitemize}

\item{}  Self-{}replicating RNA molecule may have given rise to life 
\begin{myitemize}
\item{}  consistent with numerous roles for RNA in cells as well as roles for ribonucleotides (ATP) 
\item{}  relationship to bubble-{}like structures is uncertain 
\end{myitemize}

\end{myitemize}
\section{The earliest cells}
\label{40}
\begin{myitemize}
\item{}  Microfossils 
\begin{myitemize}
\item{}  \~{}3.5 by 
\item{}  resemble bacteria: prokaryotes 
\item{}  biochemical residues 
\item{}  stromatolites 
\end{myitemize}

\item{}  Archaebacteria (more properly Archaea) 
\begin{myitemize}
\item{}  extremophiles: salt, acid, alkali, heat, methanogens 
\item{}  may not represent most ancient life 
\end{myitemize}

\item{}  Eubacteria 
\begin{myitemize}
\item{}  cyanobacteria: photosynthesis 
\end{myitemize}

\item{}  atmospheric O\textsubscript{2}; limestone deposits 
\item{}  chloroplasts of eukaryotes 
\end{myitemize}

Cyanobacteria
\section{Major steps in evolution of life}
\label{41}
\begin{myitemize}
\item{}  Prebiotic synthesis of macromolecules 
\item{}  Self replication 
\begin{myitemize}
\item{}  RNA? (primitive metabolism) 
\end{myitemize}

\item{}  DNA as hereditary material 
\item{}  1st cells 
\item{}  Photosynthesis 
\item{}  Aerobic respiration 
\item{}  Multicellularity (more than once) 
\end{myitemize}


{\itshape This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the Cleveland State University.}
\chapter{Cells}

\myminitoc
\label{42}





\label{43}
\LaTeXNullTemplate{}\chapter{Cell structure}

\myminitoc
\label{44}\section{What is a cell?}
\label{45}
The word cell comes from the Latin word \symbol{34}cella\symbol{34}, meaning \symbol{34}small room\symbol{34}, and it was first coined by a microscopist observing the structure of cork.  The cell is the basic unit of all living things, and all organisms are composed of one or more cells.  Cells are so basic and critical to the study of life, in fact, that they are often referred to as \symbol{34}the building blocks of life\symbol{34}.  Organisms -{} bacteria, amoebae and yeasts, for example -{} may consist of as few as one cell, while a typical human body contains about a trillion cells.  

According to {\itshape Cell Theory,} first proposed by Schleiden and Schwann in 1839, all life consists of cells.  The theory also states that all cells come from previously living cells, all vital functions (chemical reactions) of organisms are carried out inside of cells, and that cells contain necessary hereditary information to carry out necessary functions and replicate themselves.

All cells contain:
\begin{myitemize}
\item{}  Lipid bilayer boundary (\myhref{http://en.wikipedia.org/wiki/plasma\%20membrane}{plasma membrane})
\item{}  \myhref{http://en.wikipedia.org/wiki/Cytoplasm}{Cytoplasm}
\item{}  \myhref{http://en.wikipedia.org/wiki/DNA}{DNA} (hereditary information)
\item{}  \myhref{http://en.wikipedia.org/wiki/Ribosome}{Ribosomes} for protein synthesis
\end{myitemize}


Eukaryotic cells also contain:
\begin{myitemize}
\item{}  At least one \myhref{http://en.wikipedia.org/wiki/Cell\%20Nucleus}{nucleus}
\item{}  \myhref{http://en.wikipedia.org/wiki/Mitochondrion}{Mitochondria} for cell respiration and energy
\end{myitemize}


Cells may also contain:
\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/Lysosome}{Lysosomes}
\item{}  \myhref{http://en.wikipedia.org/wiki/Peroxisome}{Peroxisomes}
\item{}  \myhref{http://en.wikipedia.org/wiki/Vacuole}{Vacuoles}
\item{}  \myhref{http://en.wikipedia.org/wiki/Cell\%20Wall}{Cell walls}
\end{myitemize}

\subsection{Concepts}
\label{46}{\bfseries
\begin{mydescription}Plasma Membrane 
\end{mydescription}
}
\begin{myquote}\item{} Phospholipid bilayer, which contains great amount of proteins, the most important functions are the following:
\end{myquote}

\begin{myenumerate}
\item{} It selectively isolates the content of the cell of the external atmosphere.  
\item{} It regulates the interchange of substances between the cytoplasm and the environment.
\item{} Communicates with other cells.  
\end{myenumerate}
{\bfseries
\begin{mydescription}Model of the fluid mosaic 
\end{mydescription}
}
\begin{myquote}\item{} Describes the structure of the plasma membrane, this model was developed in 1972 by cellular biologists J. Singer and L. Nicholson.  
\end{myquote}
{\bfseries
\begin{mydescription}Phospholipid bilayer 
\end{mydescription}
}
\begin{myquote}\item{} Is in the plasma membrane and produces the fluid part of membranes.
\end{myquote}
{\bfseries
\begin{mydescription}Proteins 
\end{mydescription}
}
\begin{myquote}\item{} Long chains of amino acids.  
\end{myquote}
{\bfseries
\begin{mydescription}Glucose proteins 
\end{mydescription}
}
\begin{myquote}\item{} Proteins together with carbohydrates in the plasma membrane, mostly in the outer parts of the cell. 
\end{myquote}
{\bfseries
\begin{mydescription}Functions of proteins 
\end{mydescription}
}
\begin{myquote}\item{} Transport oxygen, they are components of hair and nails, and allow the cell interact with its environment. 
\end{myquote}
{\bfseries
\begin{mydescription}Transport Proteins 
\end{mydescription}
}
\begin{myquote}\item{} Regulate the movement of soluble water molecules, through the plasma membrane. Some transport proteins called {\bfseries channel proteins} form pores or channels in the membrane so that water soluble molecules pass.  
\end{myquote}
{\bfseries
\begin{mydescription}Carrying proteins 
\end{mydescription}
}
\begin{myquote}\item{} Have union sites that can hold specific molecules.
\end{myquote}
{\bfseries
\begin{mydescription}Reception proteins 
\end{mydescription}
}
\begin{myquote}\item{} They activate {\bfseries  cellular responses } when specific molecules join.
\end{myquote}
{\bfseries
\begin{mydescription}Proteins of recognition 
\end{mydescription}
}
\begin{myquote}\item{} They work as identifiers and as place of union to the cellular surface.
\end{myquote}
{\bfseries
\begin{mydescription}Fluid 
\end{mydescription}
}
\begin{myquote}\item{} It is any substance that can move or change of form.
\end{myquote}
{\bfseries
\begin{mydescription}Concentration 
\end{mydescription}
}
\begin{myquote}\item{} Number of molecules in a determined unit of volume.
\end{myquote}
{\bfseries
\begin{mydescription}Gradient 
\end{mydescription}
}
\begin{myquote}\item{} Physical difference between two regions of space, in such a way that the molecules tend to move in response to the gradients.
\end{myquote}
{\bfseries
\begin{mydescription}Diffusion 
\end{mydescription}
}
\begin{myquote}\item{} Movement of the molecules in a fluid, from the regions of high concentration to those of low concentration.
\end{myquote}
{\bfseries
\begin{mydescription}Passive transport 
\end{mydescription}
}
\begin{myquote}\item{} Movement of substances in a membrane that doesnâ��t need to use energy.
\end{myquote}
{\bfseries
\begin{mydescription}Simple diffusion 
\end{mydescription}
}
\begin{myquote}\item{} Diffusion of water, gases or molecules across the membrane.
\end{myquote}
{\bfseries
\begin{mydescription}Facilitated diffusion 
\end{mydescription}
}
\begin{myquote}\item{} Diffusion of molecules across the membranes with the participation of proteins.
\end{myquote}
{\bfseries
\begin{mydescription}Osmosis 
\end{mydescription}
}
\begin{myquote}\item{} Diffusion of the water across a membrane with differential permeability.
\end{myquote}
{\bfseries
\begin{mydescription}Transport that needs energy 
\end{mydescription}
}
\begin{myquote}\item{} Movement of substances across a membrane generally in opposition to a gradient of concentration with the requirement of energy.
\end{myquote}
{\bfseries
\begin{mydescription}Active transport 
\end{mydescription}
}
\begin{myquote}\item{} Movement of small molecules using energy (ATP).
\end{myquote}
{\bfseries
\begin{mydescription}Endocytosis 
\end{mydescription}
}
\begin{myquote}\item{} Movement of big particles towards the interior of the cell using energy. The cells enclose particles or liquids.
\end{myquote}
{\bfseries
\begin{mydescription}Pinocytosis 
\end{mydescription}
}
\begin{myquote}\item{} (Literally cell drinking) Form in which the cell introduces liquids.
\end{myquote}
{\bfseries
\begin{mydescription}Phagocytosis 
\end{mydescription}
}
\begin{myquote}\item{} Way of eating of the cells. It feeds in this case of big particles or entire microorganisms.
\end{myquote}
{\bfseries
\begin{mydescription}Pseudopods 
\end{mydescription}
}
\begin{myquote}\item{} False feet (the amoeba).
\end{myquote}
{\bfseries
\begin{mydescription}Exocitosis 
\end{mydescription}
}
\begin{myquote}\item{} Movement of materials out of the cell with the use of energy. It throws waste material.
\end{myquote}
{\bfseries
\begin{mydescription}Isotonic 
\end{mydescription}
}
\begin{myquote}\item{} The cytoplasm fluid of the interior of the cells is the same that the outer.
\end{myquote}
{\bfseries
\begin{mydescription}Hypertonic solution 
\end{mydescription}
}
\begin{myquote}\item{} The solutions that have a higher concentration of dissolved particles than the cellular cytoplasm and that therefore water of the cells goes out with osmosis.
\end{myquote}
{\bfseries
\begin{mydescription}Hypotonic 
\end{mydescription}
}
\begin{myquote}\item{} The solutions with a concentration of dissolved particles lower than the cytoplasm of a cell and that therefore do that water enters the cell with osmosis.
\end{myquote}
{\bfseries
\begin{mydescription}Swelling 
\end{mydescription}
}
\begin{myquote}\item{} Pressure of the water inside the vacuole.
\end{myquote}
{\bfseries
\begin{mydescription}Endoplasmic Reticulum 
\end{mydescription}
}
\begin{myquote}\item{} It is the place of the synthesis of the cellular membrane.
\end{myquote}

\subsection{Structure and function of the cell}
\label{47}{\bfseries
\begin{mydescription}Rudolf Virchow 
\end{mydescription}
}
\begin{myquote}\item{} Zoologist, who proposed the postulates of the cellular theory, observes that the living cells could grow and be in two places at the same time, he proposed that all the cells come from other equal cells and proposed 3 postulates:
\end{myquote}

\begin{myenumerate}
\item{} Every living organism is formed from one or more cells
\item{} The smallest organisms are unicellular and these in turn are the functional units of the multicellular organisms.
\item{} All the cells come from preexisting cells.
\end{myenumerate}

\subsection{Common characteristics of all the cells}
\label{48}{\bfseries
\begin{mydescription}Molecular components 
\end{mydescription}
}
\begin{myquote}\item{} Proteins, amino acids, lipids, sweeten, DNA, RNA.
\end{myquote}
{\bfseries
\begin{mydescription}Structural components 
\end{mydescription}
}
\begin{myquote}\item{} Plasmatic membrane, citoplasm, ribosomes.
\end{myquote}
{\bfseries
\begin{mydescription}Robert Hooke 
\end{mydescription}
}
\begin{myquote}\item{} He postuled for the first time the term {\itshape cell}
\end{myquote}
{\bfseries
\begin{mydescription}Prokaryotes 
\end{mydescription}
}
\begin{myquote}\item{} Their genetic material is not enclosed in a membrane ex. Bacterias
\end{myquote}
{\bfseries
\begin{mydescription}Eukaryotes 
\end{mydescription}
}
\begin{myquote}\item{} Their genetic material is contained inside a nucleus closed by a membrane
\end{myquote}

\section{History of cell knowledge}
\label{49}

The optical microscope was first invented in 17th century.  Shortly thereafter scientists began to examine living and dead biological tissues in order to better understand the science of life.  Some of the most relevant discovery milestones of the time period include: 

\begin{myitemize}
\item{}  The invention of the \myhref{http://en.wikipedia.org/wiki/microscope}{microscope}, which allowed scientists for the first time to see biological cells
\item{}  \myhref{http://en.wikipedia.org/wiki/Robert\%20Hooke}{Robert Hooke} in 1665 looked at cork under a microscope and described what he called cork \symbol{34}cells\symbol{34}
\item{}  \myhref{http://en.wikipedia.org/wiki/Anton\%20van\%20Leeuwenhoek}{Anton van Leeuwenhoek} called the single-{}celled organisms that he saw under the microscope \symbol{34}animalcules\symbol{34}
\item{}  \myhref{http://en.wikipedia.org/wiki/Matthias\%20Jakob\%20Schleiden}{Matthias Jakob Schleiden}, a botanist, in 1838 determined that all {\itshape  plants } consist of cells
\item{}  \myhref{http://en.wikipedia.org/wiki/Theodor\%20Schwann}{Theodor Schwann}, a zoologist, in 1839 determined that all {\itshape  animals } consist of cells
\item{}  \myhref{http://en.wikipedia.org/wiki/Rudolf\%20Virchow}{Rudolf Virchow} proposed the theory that all cells arise from previously existing cells
\end{myitemize}



In 1838, the botanist Matthias Jakob Schleiden and the physiologist Theodor Schwann discovered that both plant cells and animal cells had nuclei. Based on their observations, the two scientists conceived of the hypothesis that all living things were composed of cells. In 1839, Schwann published \textquotesingle{}Microscopic Investigations on the Accordance in the Structure and Growth of Plants and Animals\textquotesingle{}, which contained the first statement of their joint cell theory.
\subsection{Cell Theory}
\label{50}

Schleiden and Schwann proposed spontaneous generation as the method for cell origination, but spontaneous generation (also called \myhref{http://en.wikipedia.org/wiki/Abiogenesis}{abiogenesis}) was later disproven.  Rudolf Virchow famously stated \symbol{34}Omnis cellula e cellula\symbol{34}... \symbol{34}All cells only arise from pre-{}existing cells.\symbol{34}  The parts of the theory that did not have to do with the origin of cells, however, held up to scientific scrutiny and are widely agreed upon by the scientific community today.

The generally accepted portions of the modern Cell Theory are as follows: 
(1) The cell is the fundamental unit of structure and function in living things.  (2) All organisms are made up of one or more cells.  (3) Cells arise from other cells through cellular division.  (4) Cells carry genetic material passed to daughter cells during cellular division.  (5) All cells are essentially the same in chemical composition.  (6) Energy flow (metabolism and biochemistry) occurs within cells.
\section{Microscopes}
\label{51}
\begin{myitemize}
\item{}  Allow greater resolution, can see finer detail
\item{}  Eye: resolution of \~{} 100 Î¼m
\item{}  \myhref{http://en.wikipedia.org/wiki/Light\%20microscope}{Light microscope}: resolution of \~{} 200 nm
\item{}  Limited to cells are larger organelles within cells
\item{}  Confocal \myhref{http://en.wikipedia.org/wiki/microscopy}{microscopy}: 2 dimension view
\item{}  \myhref{http://en.wikipedia.org/wiki/Electron\%20microscope}{Electron microscope}: resolution of \~{}0.2 nm
\item{}  Laser tweezers: move cell contents
\end{myitemize}

\section{Cell size}
\label{52}
One may wonder why all cells are so small. If being able to store nutrients is beneficial to the cell, how come there are no animals existing in nature with huge cells? Physical limitations prevent this from occurring. A cell must be able to diffuse gases and nutrients in and out of the cell. A cell\textquotesingle{}s surface area does not increase as quickly as its volume, and as a result a large cell may require more input of a substance or output of a substance than it is reasonably able to perform. Worse, the distance between two points within the cell can be large enough that regions of the cell would have trouble communicating, and it takes a relatively long time for substances to travel across the cell.

That is not to say large cells don\textquotesingle{}t exist. They are, once again, less efficient at exchanging materials within themselves and with their environment, but they are still functional. These cells typically have more than one copy of their genetic information, so they can manufacture proteins locally within different parts of the cell.

{\bfseries Key concepts:}
Cell size:
\begin{myitemize}
\item{}  Is limited by need for regions of cell to communicate
\item{}  Diffuse oxygen and other gases
\item{}  Transport of \myhref{http://en.wikipedia.org/wiki/RNA}{mRNA} and \myhref{http://en.wikipedia.org/wiki/protein}{protein}s
\begin{myitemize}
\item{}  Surface area to volume ratio limited
\end{myitemize}

\item{}  Larger cells typically:
\begin{myitemize}
\item{}  Have extra copies of genetic information
\item{}  Have slower communication between parts of cell
\end{myitemize}

\end{myitemize}

\chapter{Structure of Eukaryotic cells}

\myminitoc
\label{53}
\myhref{http://en.wikipedia.org/wiki/Eukaryote}{Eukaryotic} cells feature membrane delimited nucleii containing two or more linear \myhref{http://en.wikipedia.org/wiki/chromosome}{chromosome}s; numerous membrane-{}bound cytoplasmic organelles: mitochondria, \myhref{http://en.wikipedia.org/wiki/RER}{RER}, \myhref{http://en.wikipedia.org/wiki/SER}{SER}, lysosomes, \myhref{http://en.wikipedia.org/wiki/vacuole}{vacuole}s, \myhref{http://en.wikipedia.org/wiki/chloroplast}{chloroplast}s; ribosomes and a \myhref{http://en.wikipedia.org/wiki/cytoskeleton}{cytoskeleton}. Also, plants, fungi, and some protists have a cell wall.
\section{Structure of the nucleus}
\label{54}
The nucleus is the round object in the cell that holds the genetic information (DNA) of the cell.  It is surrounded by a nuclear envelope and has a nucleolus inside.
\subsection{Nuclear envelope}
\label{55}
The nuclear envelope is a double-{}layered \myhref{http://en.wikibooks.org/wiki/Plasma\%20membrane}{plasma membrane} like the cell membrane, although without membrane proteins.  To allow some chemicals to enter the nucleus, the nuclear envelope has structures called \myhref{http://en.wikibooks.org/wiki/Nuclear\%20pore}{Nuclear pore}s. The nuclear envelope is continuous with the endoplasmic reticulum.
\subsection{Nucleolus}
\label{56}
The nucleolus appears in a microscope as a small dark area within the nucleus.  The nucleolus is the area where there is a high amount of \myhref{http://en.wikibooks.org/wiki/DNA\%20transcription}{DNA transcription} taking place.
\section{Chromatin}
\label{57}
Chromosomes consist of \myhref{http://en.wikipedia.org/wiki/chromatin}{chromatin}. This is made up of strings of DNA, which typically measure centimeters in length if stretched out. This DNA is wound around a \myhref{http://en.wikipedia.org/wiki/histone}{histone} core and organized into \myhref{http://en.wikipedia.org/wiki/nucleosome}{nucleosome}s.

The \myhref{http://en.wikipedia.org/wiki/chromatin}{chromatin} must be uncoiled for \myhref{http://en.wikipedia.org/wiki/gene\%20expression}{gene expression} and \myhref{http://en.wikipedia.org/wiki/replication}{replication}.
Chromosome micrograph
\section{Endoplasmic reticulum}
\label{58}
The \myhref{http://en.wikipedia.org/wiki/endoplasmic\%20reticulum}{endoplasmic reticulum} is a cellular \myhref{http://en.wikipedia.org/wiki/organelle}{organelle} made up of a series of extended folded intracellular membranes. It is continuous with the nuclear membane. 

There are two main types of endoplasmic reticulum:
\begin{myitemize}
\item{}  RER: rough endoplasmic reticulum (site of \myhref{http://en.wikipedia.org/wiki/protein\%20synthesis}{protein synthesis}) associated with ribosomes
\item{}  SER: smooth endoplasmic reticulum (site of \myhref{http://en.wikipedia.org/wiki/lipid\%20synthesis}{lipid synthesis})
\end{myitemize}

\subsection{Rough Endoplasmic Reticulum}
\label{59}

Proteins are directed to the RER by a {\bfseries signal sequence} of a growing \myhref{http://en.wikipedia.org/wiki/polypeptide}{polypeptide}s on the ribosome. This is recognised by a signal recognition particle which brings the ribosome/polypeptide complex to a channel on the RER called a translocon. At the translocon, the signal sequence and ribosome/polypeptide complex interact with the translocon to open it. The signal sequence becomes attached to the translocon. The ribosome can continue to translate the polypeptide into the lumen of the RER. As synthesis continues, 2 processes can happen.

\begin{myenumerate}
\item{}  If the protein is destined to become a membrane bound protein then the protein synthesis will continue until termination. The ribosome can then dissociate, allowing protein folding within the RER lumen to occur and continuation to the golgi apparatus for processing of the polypeptide.
\item{}  If the protein is destined for storage for later secretion after stimulation or for continuous secretion then a protease-{}enzyme which cuts proteins at the peptide bond-{}can cut the signal sequence from the growing polypeptide. Continuation to the golgi etc. can then occur.
\end{myenumerate}


When produced, proteins are then exported to one of several locations. The proteins are either modified for extracellular membrane insertion or secretion. Note, this is in contrast with ribosomes which do not associate with the RER and produce proteins which will become cytosolic enzymes for example.
\subsection{Smooth Endoplasmic Reticulum}
\label{60}

Smooth endoplasmic reticulum produces \myhref{http://en.wikipedia.org/wiki/enzyme}{enzyme}s for lipid and carbohydrate biosynthesis and detoxification
RER
\subsection{Sarcoplasmic Reticulum}
\label{61}
This is a specialised form of endoplasmic reticulum found in some muscle cell types-{}particularly striated, skeletal muscle. Its main function is different from the other 2 types in that is mainly acts as a storage of calcium. This reticulum has voltage gated channels which respond to signals from \textquotesingle{}motor neurones\textquotesingle{} to open and release calcium into the cytoplasm. This can then bring about the next part in muscle contraction. 

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/4.jpg}\end{center}\myfigurewithoutcaption{4}\end{minipage}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt}{\bfseries {\itshape Figure 1 :}}{\itshape  Image of \myhref{http://en.wikipedia.org/wiki/cell\%20nucleus}{nucleus}, endoplasmic reticulum and Golgi apparatus.\newline{}}{\small \begin{myenumerate}\item{} Nucleus.\item{} Nuclear pore.\item{} Rough endoplasmic reticulum (RER).\item{} Smooth endoplasmic reticulum (SER).\item{} Ribosome on the rough ER.\item{} Proteins that are transported.\item{} Transport vesicle.\item{} Golgi apparatus.\item{} Cis face of the Golgi apparatus.\item{} Trans face of the Golgi apparatus.\item{} Cisternae of the Golgi apparatus.\end{myenumerate}}\begin{myenumerate}\item{} {\itshape }\end{myenumerate} 
\end{longtable}

\section{The Golgi apparatus}
\label{62}
The \myhref{http://en.wikipedia.org/wiki/Golgi\%20apparatus}{golgi apparatus} is made up of multiple stacks of bilipid membranes.
\begin{myitemize}
\item{}  Proteins made on the RER are modified and then sorted
\item{}  Formation of secretory vesicles
\item{}  Formation of lysosomes (intracellular digestion)
\end{myitemize}


Other membrane-{}bound cytoplasmic organelles include:
\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/Microbody}{Microbodies} (generic term)
\item{}  Glyoxysome (transforms fat into carbohydrate in plants)
\item{}  \myhref{http://en.wikipedia.org/wiki/Peroxisome}{Peroxisome} (uses oxidative metabolism to form hydrogen peroxide and is destroyed by \myhref{http://en.wikipedia.org/wiki/catalase}{catalase})
\end{myitemize}

\section{Ribosomes}
\label{63}
Ribosomes are the site of protein synthesis. Ribosomes themselves are synthesized in the cell \myhref{http://en.wikipedia.org/wiki/nucleoli}{nucleoli} and are structured as two subunits, the large and the small. These parts are composed of RNA and protein.

Prokaryotic and eukaryotic ribosomes are different, the eukaryotic ones being larger and more complicated. 
\section{DNA-{}containing organelles}
\label{64}
{\bfseries Mitochondria}
\begin{myitemize}
\item{}  Double membrane
\item{}  Aerobic metabolism, internal membrane
\item{}  DNA, ribosomes
\item{}  Give rise to new mitochondria
\end{myitemize}

{\bfseries \myhref{http://en.wikipedia.org/wiki/Chloroplast}{Chloroplast}}
\begin{myitemize}
\item{}  Double membrane
\item{}  Photosynthesis, internal membrane
\item{}  DNA, ribosomes
\item{}  Give rise to new chloroplasts
\end{myitemize}

{\bfseries \myhref{http://en.wikipedia.org/wiki/Centriole}{Centriole}s}
\begin{myitemize}
\item{}  Microtubule organizing centers
\begin{myitemize}
\item{}  Animal cells and many protists
\item{}  Pair constitutes the centrosome
\item{}  Give rise to flagellum during spermatogenesis
\end{myitemize}

\item{}  Consist of 9 triplet microtubules
\item{}  \myhref{http://en.wikipedia.org/wiki/mitosis}{Mitosis}, \myhref{http://en.wikipedia.org/wiki/meiosis}{meiosis}
\end{myitemize}

\section{Cytoskeleton}
\label{65}

Cytoskeleton is a collective term for different filaments of proteins that can give physical shape within the cell and are responsible for the \textquotesingle{}roads\textquotesingle{} which organelles can be carried along.  

\begin{myitemize}
\item{}  Gives the cell shape
\item{}  Anchors other organelles
\item{}  Vital to intracellular transport of large molecules
\end{myitemize}


The cytoskeleton is composed of 3 main types of filaments:
\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/Actin}{Actin} filaments (7 nm)
\item{}  \myhref{http://en.wikipedia.org/wiki/Microtubule}{Microtubule}s: (25 nm) polymer of tubulin; 13/ring. 
\item{}  \myhref{http://en.wikipedia.org/wiki/Intermediate\%20Filament}{Intermediate Filament}s
\end{myitemize}


Both actin and microtubules can have associated motor proteins.
\subsection{Intermediate Filaments}
\label{66}

These are rope like filaments, 8-{}10nm in diameter and tend to give the structural stability to cells. Examples inculude Vimentin, neurofilaments and keratin. It is keratin which priniciply makes up hair, nails and horns.
\subsection{Actin Filaments}
\label{67}
\paragraph{Growth}
{$\text{ }$}\newline\label{68}
These filaments are 2-{}stranded and composed of dimeric subunits called G-{}Actin. They contain a GTP molecule in order to bind (polymerise). As GTP is hydrolysed then the structure becomes unstable and depolymerisation occurs. The growth of actin filaments is concentration dependant-{}that is, the higher the concentration of free G-{}actin, the greater the polymerisation. The are also polar, having a + and a -{} end (not related to charge) and polymerisation tends to happen faster at the + end.

Cilia and flagella are threads of microtubules that extend from the exterior of cells and used to move single celled organisms as well as move substances away from the surface of the cell. motor proteins-{}move, wave motion





\label{69}
\LaTeXNullTemplate{}\chapter{Membranes}
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\label{70}\section{Biological membranes}
\label{71}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/5.png}
\end{center}
\raggedright{}\myfigurewithcaption{5}{Plasma membrane bilayer}
\end{minipage}\vspace{0.75cm}


Biological membranes surround cells and serve to keep the insides separated from the outsides. They are formed of \myhref{http://en.wikibooks.org/wiki/lipid\%20bilayer}{phospholipid bilayer}s, which by definition are a double layer of \myhref{http://en.wikibooks.org/wiki/Fatty\%20acid}{fatty acid} molecules (mostly \myhref{http://en.wikibooks.org/wiki/phospholipid}{phospholipid}s, lipids containing lots of phosphorus).  

\myhref{http://en.wikibooks.org/wiki/Proteins}{Proteins} serve very important functions in cellular membranes. They are {\bfseries active transports} in and out of the cell, acting as gatekeepers. They relay {\bfseries signals} in and out of the cell. Proteins are the {\bfseries site of many enzymatic reactions} in the cell, and play a role in {\bfseries regulation of cellular processes.}
\section{Phospholipid}
\label{72}
Phospholipid bilayer
\begin{myitemize}
\item{}  basis of biological membranes and cellular organisms
\item{}  contains a charged, hydrophilic (attracted to water) head and two hydrophobic (repelled by water) hydrocarbon tails
\item{}  In presence of water, phospholipids form bilayer
\begin{myitemize}
\item{}  maximize hydrogen bonds between water
\item{}  creates barrier to passage of materials
\item{}  fluid mosaic model shows horizontal (common) and \symbol{34}flip-{}flop\symbol{34} (rare) movement of phospholipids
\end{myitemize}

\end{myitemize}

\section{Fluid mosaic model}
\label{73}
\begin{myitemize}
\item{}  Current model of membrane
\item{}  Phospholipid bilayer
\begin{myitemize}
\item{}  Phospholipids
\end{myitemize}

\item{}  Move freely in lipid layer, but rarely switch layers
\item{}  Different phospholipids in each layer in different organelles
\begin{myitemize}
\item{}  Glycolipids
\item{}  Sterols (cholesterol in animals)
\end{myitemize}

\item{}  Transmembrane proteins \symbol{34}float\symbol{34} in fluid lipid bilayer
\begin{myitemize}
\item{}  also called intrinsic, integral proteins
\end{myitemize}

\item{}  Exterior (extrinsic, peripheral) proteins
\end{myitemize}
\section{Membrane proteins}
\label{74}
\begin{myitemize}
\item{}  Transport channels
\item{}  Enzymes
\item{}  Cell surface receptors
\item{}  Cell surface identity markers
\item{}  Cell adhesion proteins
\item{}  Attachments to cytoskeleton
\end{myitemize}

Integral membrane proteins
\begin{myitemize}
\item{}  Anchoring to membrane
\begin{myitemize}
\item{}  Protein has attached phosphatidylinositol (GPI) linkage, anchors protein in outer layer (no picture)
\item{}  Protein has one or more hydrophobic transmembrane domains
\end{myitemize}

\item{}  -{}helix
\item{}  -{}sheet
\end{myitemize}




{\bfseries Channel protein}
Transport across membranes{\bfseries }
{\bfseries * Diffusion}
\begin{myitemize}
\item{} 
\begin{myitemize}
\item{}  From higher concentration to lower concentration
\item{}  Membranes are selectively permeable
\end{myitemize}

\item{}  Ions diffuse through membrane channels
\begin{myitemize}
\item{}  Selective
\item{}  Movement determined by diffusion and voltage differences
\end{myitemize}

\item{}  {\bfseries Facilitated diffusion}
\begin{myitemize}
\item{}  Carrier protein, physically binds transported molecule
\end{myitemize}

\item{} {\bfseries  Osmosis}
\item{}  Diffusion of water down concentration gradient
\item{}  In cell: various solutes (amino acids, ions, sugars, etc.)
\begin{myitemize}
\item{}  interact with water, e.g., hydration shells
\end{myitemize}

\item{}  Water moves through aquaporin channels into cell
\item{}  Depends upon the concentration of all solutes in solution
\begin{myitemize}
\item{}  Hyperosmotic solution: higher concentration of solutes
\item{}  Hypoosmotic solution: lower concentration of solutes
\item{}  Isoosmotic solution: solute concentrations equal
\end{myitemize}

\item{}  Water moves from hypoosmotic solution to hyperosmotic solution
\end{myitemize}

Osmotic pressure
{\bfseries Bulk transport}
\begin{myitemize}
\item{}  Endocytosis: energy requiring
\begin{myitemize}
\item{}  Phagocytosis
\end{myitemize}

\item{}  Solid material, typically food
\begin{myitemize}
\item{}  Pinocytosis
\end{myitemize}

\item{}  Primarily liquid
\end{myitemize}

{\bfseries ** Receptor-{}mediated endocytosis}
\begin{myitemize}
\item{}  Pits on cell surface coated with clathrin and receptors
\item{}  Bind specific proteins
\item{}  Exocytosis
\begin{myitemize}
\item{}  Discharge of materials from vesicle at cell surface
\end{myitemize}

\end{myitemize}

\section{Receptor-{}mediated endocytosis}
\label{75}
Active transport
\begin{myitemize}
\item{}  Energy required (usually ATP)
\item{}  Highly selective
\item{}  Works against concentration gradient
\item{}  Many examples, e.g., Na\textsuperscript{+}/K\textsuperscript{+} pump
\end{myitemize}

Cotransport (coupled transport)
\begin{myitemize}
\item{}  Does not use ATP directly
\item{}  Molecule is transported in connection with another molecule that is moving down a concentration gradient
\begin{myitemize}
\item{}  Example: Na\textsuperscript{+} gradient is established by a Na\textsuperscript{+} pump, with higher concentration on outside of cell. Cotransport channel carries Na+ and another molecule (e.g. glucose) into cell
\end{myitemize}

\item{}  May involve proton (H\textsuperscript{+}) pumps (chemiosmosis -{} ATP production)
\end{myitemize}


{\itshape This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the Cleveland State University.}
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\label{77}
with the environment 
with each other 


\section{Cell signaling}
\label{78}
\begin{myitemize}
\item{}  Signaling requires 
\begin{myitemize}
\item{}  Signal 
\item{}  Cell receptor (usually on surface) 
\end{myitemize}

\item{}  Signaling is important in: 
\begin{myitemize}
\item{}  Response to environmental stimuli 
\item{}  Sex 
\item{}  Development 
\end{myitemize}

\item{}  Major area of research in biology today 
\end{myitemize}

\subsection{Types of signaling}
\label{79}
\begin{myitemize}
\item{}  Direct contact (e.g., gap junctions between cells) 
\item{}  Paracrine:  Diffusion of signal molecules in extracellular fluid; highly local 
\item{}  Endocrine: Signal (hormone) molecule travels through circulatory system 
\item{}  Synaptic: neurotransmitters
\end{myitemize}

\subsubsection{Types of signal molecules}
\label{80}
\begin{myitemize}
\item{}  Hormones: chemically diverse 
\begin{myitemize}
\item{}  Steroid 
\item{}  Polypeptide 
\item{}  Vitamin/amino acid derived 
\end{myitemize}

\item{}  Cell surface proteins/glycoproteins 
\item{}  Ca\textsuperscript{2+}, NO 
\item{}  Neurotransmitter 
\begin{myitemize}
\item{}  Several hundred types 
\item{}  Some are also hormones e.g. Estrogen, progesterone
\end{myitemize}

\end{myitemize}

\subsubsection{Receptor molecules}
\label{81}
\begin{myitemize}
\item{}  Intracellular 
\begin{myitemize}
\item{}  Protein that binds signal molecule in cytoplasm 
\item{}  Bound receptor may act as: 
\end{myitemize}

\item{}  Gene regulator 
\item{}  Enzyme 
\item{}  Cell surface 
\begin{myitemize}
\item{}  Gated ion channels (neurotransmitter receptor) 
\item{}  Enzymic receptors 
\item{}  G protein-{}linked receptors
\end{myitemize}

\end{myitemize}
\paragraph{Cell surface protein}
{$\text{ }$}\newline\label{82}
\begin{myitemize}
\item{}  Tissue identity 
\begin{myitemize}
\item{}  glycolipids 
\item{}  MHC proteins 
\end{myitemize}

\item{}  Immune systems 
\begin{myitemize}
\item{}  distinguish self from not-{}self 
\end{myitemize}

\item{}  Intercellular adhesion 
\begin{myitemize}
\item{}  permanent contact 
\item{}  help form sheets of cells, tissues 
\item{}  may permit signaling 
\end{myitemize}

\end{myitemize}
\subparagraph{Example: G proteins}
{$\text{ }$}\newline\label{83}
\begin{myitemize}
\item{}  Transmembrane surface receptor binds signal molecule 
\item{}  Conformational change allows binding of G protein on cytoplasmic side 
\item{}  G protein binds GTP, becomes activated 
\item{}  G protein activates intracellular signal cascade 
\begin{myitemize}
\item{}  Change  in gene expression 
\item{}  Secrection 
\item{}  Many other possible consequences
\end{myitemize}

\end{myitemize}

\section{Communicating junctions}
\label{84}
\begin{myitemize}
\item{}  Gap junctions 
\begin{myitemize}
\item{}  animals 
\item{}  small molecules and ions may pass 
\end{myitemize}

\item{}  Plasmodesmata 
\begin{myitemize}
\item{}  plants 
\item{}  lined with plasma membrane 
\item{}  permit passage of water, sugars, etc. 
\end{myitemize}

\end{myitemize}

\subsection{Gap junctions}
\label{85}


{\itshape This text is based on notes very generously donated by Dr. Paul Doerder, Ph.D., of the Cleveland State University.}
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\label{87}\section{Energy}
\label{88}
\begin{myitemize}
\item{}  The capacity to do work. 
\begin{myitemize}
\item{}  Kinetic energy: energy of motion (ex. jogging).
\item{}  Potential energy: stored energy (ex. a lion that is about to leap on its prey).
\end{myitemize}

\item{}  Many forms of energy: e.g., 
\begin{myitemize}
\item{}  Heat 
\item{}  Sound 
\item{}  Electric current 
\item{}  Light 
\item{}  All convertible to heat 
\end{myitemize}

\item{}  Most energy for biological world is from sun 
\item{}  Heat (energy of random molecular motion, thermal energy) 
\begin{myitemize}
\item{}  Convenient in biology 
\item{}  All other energy forms can be converted to heat 
\item{}  Thermodynamics: study of thermal energy 
\end{myitemize}

\item{}  Heat typically measured in kilocalories 
\begin{myitemize}
\item{}  Kcal: 1000 calories 
\item{}  1 calorie: amount of heat required to raise the temperature of one gram of water one degree Celsius (Â°C) 
\end{myitemize}

\item{}  Heat plays major role in biological systems 
\begin{myitemize}
\item{}  Ecological importance 
\item{}  Biochemical reactions
\end{myitemize}

\end{myitemize}

\section{Oxidationâ��Reduction}
\label{89}
\begin{myitemize}
\item{}  Energy flows into biological world from sun 
\item{}  Light energy is captured by photosynthesis 
\begin{myitemize}
\item{}  Light energy raises electrons to higher energy levels 
\item{}  Stored as potential energy in covalent C-{}H bonds of sugars 
\end{myitemize}

\item{}  Strength of covalent bond is measured by amount of energy required to break it 
\begin{myitemize}
\item{}  98.8 kcal/mole of C-{}H bonds 
\end{myitemize}

\item{}  In chemical reaction, energy stored in covalent bonds may transfer to new bonds.  When this involves transfer of electrons, it is oxidationâ��reduction reaction 
\item{}  Always take place together 
\begin{myitemize}
\item{}  Electron lost by atom or molecule through oxidation is gained by another atom or molecule through reduction 
\item{}  Potential energy is transferred from one molecule to another (but never 100\%) 
\end{myitemize}

\item{}  Often called redox reactions 
\begin{myitemize}
\item{}  Photosynthesis 
\item{}  Cellular Respiration
\item{}  Chemiosynthesis
\item{}  Autotrophs
\item{}  Heterotrophs
\end{myitemize}

\end{myitemize}

\section{NAD\textsuperscript{+}}
\label{90}
\begin{myitemize}
\item{}  Common electron acceptor/donor in redox reactions 
\item{}  Energetic electrons often paired with H\textsuperscript{+}
\end{myitemize}

\section{Free energy}
\label{91}
\begin{myitemize}
\item{}  Energy required to break and subsequently form other chemical bonds 
\begin{myitemize}
\item{}  Chemical bonds: sharing of electrons, tend to hold atoms of molecule together 
\item{}  Heat, by increasing atomic motion, makes it easier to break bonds (entropy) 
\end{myitemize}

\item{}  Energy available to do work in a system 
\item{}  In cells, G = H -{} TS
\begin{myitemize}
\item{}  G = Gibbsâ�� free energy 
\item{}  H =  H (enthalpy) energy in moleculeâ��s chemical bonds 
\item{}  TS (T, temperature in Â°K; S, entropy) 
\end{myitemize}

\item{}  Chemical reactions break and make bonds, producing changes in energy 
\item{}  Under constant conditions of temperature, pressure and volume, {\mbox{$\Delta$}}G = {\mbox{$\Delta$}}H -{} T{\mbox{$\Delta$}}S
\item{}  {\mbox{$\Delta$}}G, change in free energy 
\begin{myitemize}
\item{}  If positive (+), H is higher, S is lower, so there is more free energy; endergonic reaction, does not proceed spontaneously; require input of energy (e.g., heat) 
\item{}  If negative (â��), H is lower, S is higher.  Product has less free energy; exergonic; spontaneous
\end{myitemize}

\end{myitemize}


===Activation energy =       ==
\begin{myitemize}
\item{}  Reactions with â��{\mbox{$\Delta$}}G often require activation energy 
\begin{myitemize}
\item{}  e.g., burning of glucose 
\item{}  Must break existing bonds to get reaction started 
\end{myitemize}

\item{}  Catalysts lower activation energy
\end{myitemize}

\section{Enzymes}
\label{92}
\begin{myitemize}
\item{}  Biological catalysts 
\begin{myitemize}
\item{}  Protein 
\item{}  RNA (ribozyme) 
\end{myitemize}

\item{}  Stabilizes temporary association between reactants (substrates) to facilitate reaction 
\begin{myitemize}
\item{}  Correct orientation 
\item{}  Stressing bonds of substrate 
\end{myitemize}

\item{}  Lower activation energy 
\item{}  Not consumed (destroyed) in reaction 
\end{myitemize}

\subsection{Carbonic anhydrase}
\label{93}
\begin{myitemize}
\item{}  Important enzyme of red blood cells 
\item{}  CO\textsubscript{2} + H\textsubscript{2}O {\mbox{$\rightarrow$}} H\textsubscript{2}CO\textsubscript{3} -{}>{} HCO\textsubscript{3} + H\textsuperscript{+} 
\item{}   Carbonic anhydrase catalyzes 1st reaction 
\begin{myitemize}
\item{}  Converts water to hydroxyl 
\item{}  Orients the hydroxyl and CO\textsubscript{2}
\end{myitemize}

\end{myitemize}

\subsection{Enzyme mechanism}
\label{94}
\begin{myitemize}
\item{}  One or more active sites which bind substrates (reactants) 
\begin{myitemize}
\item{}  Highly specific 
\end{myitemize}

\item{}  Binding may alter enzyme conformation, inducing better fit
\end{myitemize}

\subsection{Factors affecting enzyme activity}
\label{95}
\begin{myitemize}
\item{}  Substrate concentration 
\item{}  Product concentration 
\item{}  Cofactor concentration 
\item{}  Temperature 
\item{}  pH 
\item{}  Inhibitors 
\begin{myitemize}
\item{}  Competitive: bind to active site 
\item{}  Noncompetitive: bind to 2nd site, called allosteric site; changes enzyme conformation 
\end{myitemize}

\item{}  Activators 
\begin{myitemize}
\item{}  Bind to allosteric sites, increase enzyme activity 
\end{myitemize}

\end{myitemize}

\subsubsection{Cofactors}
\label{96}
\begin{myitemize}
\item{}  Required by some enzymes 
\item{}  Positively charged metal ions 
\begin{myitemize}
\item{}  e.g., ions of \myhref{http://en.wikibooks.org/wiki/Zinc}{Zn}, Mo, Mg, Mn
\item{}  Draw electrons away from substrate (stress chemical bonds) 
\end{myitemize}

\item{}  Non-{}protein organic molecules (coenzymes) 
\begin{myitemize}
\item{}  E.g., NAD\textsuperscript{+}, NADP\textsuperscript{+}, etc. 
\item{}  Major role in oxidation/reduction reactions by donating or accepting electrons
\end{myitemize}

\end{myitemize}

\section{ATP}
\label{97}
\begin{myitemize}
\item{}  Adenosine triphosphate 
\item{}  Major energy currency of cells, power endergonic reactions 
\item{}  Stores energy in phosphate bonds 
\begin{myitemize}
\item{}  Highly negative charges, repel each other 
\end{myitemize}

\item{}  Makes these covalent bonds unstable 
\begin{myitemize}
\item{}  Low activation energy 
\end{myitemize}

\item{}  When bonds break, energy is transferred 
\item{}  ATP {\mbox{$\rightarrow$}} ADP + Pi + 7.3 kcal/mole
\end{myitemize}

\section{Biochemical pathways}
\label{98}
\begin{myitemize}
\item{}  Metabolism: sum of chemical reactions in cell/organism 
\item{}  Many anabolic and catabolic reactions  occur in sequences (biochemical pathways) 
\item{}  Often highly regulated 
\end{myitemize}

Evolution of biochemical pathways 
\begin{myitemize}
\item{}  Protobionts or 1st cells likely used energy rich substrates from environment 
\item{}  Upon depletion of a substrate, selection would favor catalyst which converts another molecule into the depleted molecule 
\item{}  By iteration, pathway evolved backward
\end{myitemize}


{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}
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\label{100}
Glucose + O\textsubscript{2} {\mbox{$\rightarrow$}} CO\textsubscript{2} + H\textsubscript{2}O + ATP \section{Energy}
\label{101}
\begin{myitemize}
\item{}  Energy is primarily in C-{}H bonds (C-{}O too) 
\item{}  Chemical energy drives metabolism 
\begin{myitemize}
\item{}  Autotrophs: harvest energy through photosynthesis or related process (plants, algae, some bacteria) 
\item{}  Heterotrophs: live on energy produced by autotrophs (most bacteria and protists, fungi, animals) 
\end{myitemize}

\item{}  Digestion: enzymatic breakdown of polymers into monomers 
\item{}  Catabolism: enzymatic harvesting of energy 
\item{}  Respiration: harvesting of high energy electrons from glucose 
\end{myitemize}
\section{Respiration}
\label{102}
\begin{myitemize}
\item{}  Transfer of energy from high energy electrons of glucose to ATP 
\item{}  Energy depleted electron (with associated H\textsuperscript{+}) is donated to acceptor molecule 
\begin{myitemize}
\item{}  Aerobic respiration: oxygen accepts electrons, forms water 
\item{}  Anaerobic respiration: inorganic molecule accepts hydrogen/electron 
\item{}  Fermentation: organic molecule accepts hydrogen/electron
\end{myitemize}

\end{myitemize}

\section{Respiration of glucose}
\label{103}
\begin{myitemize}
\item{}  C\textsubscript{6}H\textsubscript{12}O\textsubscript{6} + 6 O\textsubscript{2} {\mbox{$\rightarrow$}} 6 CO\textsubscript{2} + 6 H\textsubscript{2}O + energy 
\item{}  {\mbox{$\Delta$}}G = -{}720 kcal/mole under cellular conditions 
\item{}  Largely from the 6 C-{}H bonds 
\item{}  Same energy whether burned or catabolized 
\item{}  In cells, some energy produces heat, most is transferred to ATP
\end{myitemize}

\section{Alternative anaerobic respiration}
\label{104}
\begin{myitemize}
\item{}  Methanogens (Archaebacteria). 
\begin{myitemize}
\item{}  CO\textsubscript{2} is electron acceptor, forming CH\textsubscript{4} 
\end{myitemize}

\item{}  Sulfur bacteria 
\begin{myitemize}
\item{}  SO\textsubscript{4} reduced to H\textsubscript{2}S 
\item{}  Formation of H\textsubscript{2}S set stage for evolution of photosynthesis (H\textsubscript{2}S as electron donor before H\textsubscript{2}O) 
\item{}  About 2.7 by, based on ratio of 32S/34S, where only biological processes produce 32S enrichment
\end{myitemize}

\end{myitemize}

\section{Glycolysis overview}
\label{105}
Glycolysis accounting 
\begin{myitemize}
\item{}  Oxidation 
\begin{myitemize}
\item{}  Two electrons (one proton) are transferred from each G3P to NAD\textsuperscript{+} forming NADH 
\end{myitemize}

\end{myitemize}

2NADH 
\begin{myitemize}
\item{}  Substrate level phosphorylation 
\begin{myitemize}
\item{}  G3P to pyruvate forms 2 ATP molecules 
\end{myitemize}

\end{myitemize}
\\
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Summary: The net input of glycolysis is 2 ATP molecules which are used to split one glucose molecule.  The net yield of this step is 2 ATP and 2 pyruvate.
\section{Regeneration of NAD\textsuperscript{+}}
\label{106}
\begin{myitemize}
\item{}  Reduction of NAD\textsuperscript{+} to NADH can deplete NAD\textsuperscript{+} supply; it must be regenerated 
\item{}  Two pathways, coupled to fate of pyruvate 
\begin{myitemize}
\item{}  With oxygen: enter electron transport chain, forming water (and ATP) 
\item{}  Without oxygen: fermentation 
\end{myitemize}

\item{}  lactate 
\item{}  ethanol
\end{myitemize}

\section{Alcohol fermentation}
\label{107}
\section{Lactate formation}
\label{108}
Either \myhref{http://en.wikipedia.org/wiki/Lactate}{lactic acid} or alcohol can be formed as a result of anaerobic respiration in cells.
\section{Krebs cycle: overview}
\label{109}
\begin{myitemize}
\item{}  Matrix of mitochondrion 
\item{}  Priming steps 
\begin{myitemize}
\item{}  Joining of acetyl-{}CoA to oxaloacetate 
\item{}  Isomerization reactions 
\end{myitemize}

\item{}  Energy extraction steps in Krebs cycle 
\begin{myitemize}
\item{}  Per glucose 
\end{myitemize}

\item{}  6 NADH 
\item{}  2 FADH\textsubscript{2} 
\item{}  2 ATP (from GTP) 
\item{}  4 CO\textsubscript{2}
\end{myitemize}

\section{ATP production}
\label{110}
\begin{myitemize}
\item{}  Chemiosmosis (Mitchell) 
\item{}  H\textsuperscript{+} (from NADH and FADH\textsubscript{2}) is pumped against a gradient into the intermembranal space of the mitochondrion (creates voltage potential) 
\item{}  Diffusion back into matrix through ATP synthase channels drives synthesis of ATP (ADP + Pi {\mbox{$\rightarrow$}} ATP) 
\item{}  ATP exits mitochondrion by facilitated transport
\end{myitemize}

\section{Evolution of aerobic respiration}
\label{111}
\begin{myitemize}
\item{}  Preceded by evolution of photosynthesis (O2 needed; also, prior evolution of electron transport and chemiosmosis) 
\item{}  High efficiency of ATP production compared to glycolysis 
\begin{myitemize}
\item{}  Fostered evolution of heterotrophs 
\item{}  Fostered evolution of mitochondria by endosymbiosis in eukaryotes
\end{myitemize}

\end{myitemize}
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\label{113}

\begin{center}
 {\bfseries 6 CO\textsubscript{2} + 6 H\textsubscript{2}O {\mbox{$\rightarrow$}} C\textsubscript{6}H\textsubscript{12}O\textsubscript{6} + 6 O\textsubscript{2}}
\end{center}


\begin{myitemize}
\item{}  One of most important reactions in history of life: 
\begin{myitemize}
\item{}  source of atmospheric O\textsubscript{2} 
\item{}  ultimately led to aerobic respiration and eukaryotes 
\end{myitemize}

\item{}  Responsible for bulk of glucose production 
\item{}  Early experiments showed that mass of plant must be derived from substances in the air, not the soil 
\item{}  Experiments with isotopes showed that liberated oxygen comes from water 
\item{}  Experiments also showed that light is essential but that some reactions (e.g., reduction of CO\textsubscript{2}) continue in the dark 
\item{}  Plants do two big, important things during photosynthesis: gain energy (absorb light) and build sugar (glucose).  
\item{}  Photosynthesis can be divided into two series of chemical reactions: the light (light-{}dependent) reactions and the dark (light-{}independent) reactions.  In light reactions, light is absorbed; in dark reactions, sugar is built.
\item{}  Occurs when plants, algae, and autotrophic bacteria absorb light energy and build glucose.  
\end{myitemize}

\section{Light Reactions}
\label{114}
\begin{myitemize}
\item{}  Part of the electromagnetic spectrum
\item{}  Consists of units of energy called photons 
\item{}  Photons at UV end of spectrum have more energy than those at the red end 
\item{} Occur on the surface of thylakoid disks
\item{}  Chlorophyll and other plant pigments differentially absorb photons 
\begin{myitemize}
\item{}  Chlorophyll a: light to chemical energy 
\item{}  Chlorophyll b: accessory chlorophyll 
\item{}  Chlorophylls absorb primarily blue and red (green reflected back, hence the green color of plants) 
\end{myitemize}

\end{myitemize}

\subsection{Accessory pigments}
\label{115}
\begin{myitemize}
\item{}  Chlorophyll is a major light gathering pigment 
\begin{myitemize}
\item{}  Absorbs light with considerable efficiency (i.e., retaining energy) 
\end{myitemize}

\item{}  Accessory pigments 
\begin{myitemize}
\item{}  Chlorophyll b 
\item{}  Carotenoinds 
\end{myitemize}

\item{}  capture light of wavelengths not captured by chlorophylls 
\item{}  Confer other colors to plant leaves (autumn colors too) 
\end{myitemize}

Photosynthetic steps 
\begin{myitemize}
\item{}  Primary photoevent: light photon captured by photosystem and energy transferred to electron donated by water 
\item{}  Electron transport: excited electron is shuttled along imbedded series of electron carriers to proton pump and electron is transferred to acceptor 
\item{}  Chemiosmosis: transport of protons back into chloroplast drives synthesis of ATP
\end{myitemize}

\subsection{The Even More Detailed Light Reactions}
\label{116}

{\bfseries What the Light Reactions Do:}

The light reactions of photosynthesis occur in chloroplasts in and on the thylakoid disks.  During the light reactions, light energy charges up ATP molecules.  More specifically, light turns the chloroplast into an acid battery, and this battery charges up ATP.

{\bfseries How the \symbol{34}Chloroplast-{}Battery\symbol{34} Charges ATP:}

The {\bfseries stroma} is the fluid inside of the chloroplasts, and it carries a negative charge.  This means that it contains about a \symbol{34}gazillion\symbol{34} extra electrons.  The solvent of stroma is water.

The fluid inside the thylakoid disks is positively charged because it contains a lot of hydrogen (H+) ions.  The pH here is low, making the fluid very acidic.  The solvent of thylakoid disk fluid is water.

A chloroplast acts like a battery, because it has separated a strong positive charge and a strong negative charge in two different compartments.  Energy is released when H+ ions (free protons) flow from the inside of a thylakoid disk to the stroma.  This is electrical energy, since it is a flow of charged particles.

The protons pass through special channels (made of protein) in the thylakoid membrane; this reaction is \textquotesingle{}exothermic.\textquotesingle{}  The energy that is given off is used to fuel this reaction (Pi is the phosphate ion):\\
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The proton can go to the negative stroma, but only if it uses its energy to charge up ATP.  Since one reaction wants to go, and the other one doesn\textquotesingle{}t, and since the first reaction releases energy and the second one absorbs energy, the two reactions are known to be \textquotesingle{}coupled\textquotesingle{} together so that the first fuels the second.  Of course, a special enzyme must be involved for this to happen.

{\bfseries Chlorophyll Molecules on a Thylakoid Disk:}

Hundreds of chlorophyll molecules cover the surface of a thylakoid disk, making the disk green.  The nonpolar \symbol{34}tails\symbol{34} of the chlorophyll molecule are embedded in the membrane of the thylakoid.
\section{â��Darkâ�� reactions}
\label{117}
\begin{myitemize}
\item{}  ATP drives endergonic reactions 
\item{}  NADPH provides hydrogens for reduction of CO\textsubscript{2} to carbohydrate (C-{}H bonds) 
\item{} Occur in the stroma
\item{} First step in carbon fixation 
\end{myitemize}

\subsection{The Detailed Dark Reactions}
\label{118}

{\bfseries What the Dark Reactions Do:}

The dark reactions build sugar from carbon dioxide gas (CO2), water (H2O), and energy from ATP molecules that were charged up during the light reactions.  The dark reactions occur in the stroma of a chloroplast.  Dark reactions usually occur in the light, but they don\textquotesingle{}t have to.  They\textquotesingle{}ll occur in the dark until the chloroplast\textquotesingle{}s supply of ATP runs out (usually about 30 seconds).

{\bfseries The Calvin Cycle:}

The Calvin Cycle is the fancy name for the metabolic pathway that builds sugar.  This means that it involves a whole lot of chemical reactions, and it uses a lot of different enzymes to catalyze the reactions.

Carbon dioxide gas is stable, therefore the bonds that hold the carbon and oxygen atoms are strong.  Therefore it takes a lot of energy to break the bonds and separate the carbon atoms from the oxygen atoms.  The energy needed to do this comes from ATP molecules.

When inorganic carbon (like from CO2) is being added to an organic molecule (such as sugar), this is called carbon fixation.

It takes 2 complete turns of the Calvin Cycle to make a glucose molecule.  


{\itshape Some portions of this text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}  The detailed portions are not provided by Dr. Doerder.
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How cells divide\section{Prokaryote cell division}
\label{120}
\begin{myitemize}
\item{}  Binary fission 
\begin{myitemize}
\item{}  Doubling of cell contents, including DNA 
\item{}  Fission to divide contents 
\end{myitemize}

\item{}  Segregation of replicated genomes by growth of membrane between attachment points 
\item{}  Partitioning of cytoplasmic components 
\item{}  Escherichia coli 
\begin{myitemize}
\item{}  Capable of cell division every 20 minutes under optimal conditions (DNA in continuous state of replication) 
\item{}  Model organism of bacterial cell division
\end{myitemize}

\end{myitemize}

\section{Bacterial DNA replication}
\label{121}
\begin{myitemize}
\item{}  Replication follows rules of base pairing, with each polynucleotide chain serving as template for synthesis of its complement. 
\item{}  Genetic evidence showed that the bacterial chromosome is circular long before there was corroborating physical evidence. 
\end{myitemize}

Eukaryotic chromosomes 
\begin{myitemize}
\item{}  Discovered by Walther Fleming in 1882 in dividing cells of salamander larvae, following improvements in microscopes and staining technology 
\begin{myitemize}
\item{}  He called division mitosis (mitos = â��threadâ��) 
\end{myitemize}

\item{}  Chromosome number is constant in a species 
\begin{myitemize}
\item{}  Ranges from 2 to >{}500 (46 in human somatic cells) 
\item{}  Homologous pairs, one contributed by each parent 
\item{}  Change in number is cause and consequence of speciation 
\end{myitemize}

\item{}  Chromosome constancy and their precise division in mitosis and meiosis led biologists to postulate that they were carriers of hereditary information 
\end{myitemize}

\section{Chromosome number}
\label{122}
\begin{myitemize}
\item{}  1N = number of chromosomes in gamete 
\item{}  1N = haploid chromosome number 
\item{}  2N = number of chromosomes in somatic cells (cells that are not egg or sperm) 
\item{}  2N = diploid 
\item{}  Deviations from N or 2N are usually lethal in animals 
\end{myitemize}

Chromosome numbers 
\section{Eukaryotic chromosomes}
\label{123}
\begin{myitemize}
\item{}  Consist of chromatin 
\begin{myitemize}
\item{}  DNA and associated proteins, mainly histones 
\item{}  Nucleosomal organization 
\item{}  Euchromatin: unwound chromatin, in basic nucleosomal configuration; genes available for expression 
\item{}  Heterochromatin: highly condensed except during replication 
\end{myitemize}

\item{}  Karyotype: array of chromosomes an individual possesses 
\begin{myitemize}
\item{}  Clinical importance (Down syndrome; cancer) 
\item{}  Evolutionary importance (speciation)
\end{myitemize}

\end{myitemize}

\section{Chromosome organization}
\label{124}
\section{Human karyotype stained by chromosome painting}
\label{125}
\section{Chromosomes}
\label{126}
\begin{myitemize}
\item{}  Homologous pairs 
\begin{myitemize}
\item{}  Inherited one from each parent 
\item{}  Identical in length and position of centromere 
\item{}  Contain identical or similar genes 
\item{}  Homologous pair = homologs 
\end{myitemize}

\item{}  Morphology 
\begin{myitemize}
\item{}  After replication, consist of two sister chromatids attached to a centromere 
\end{myitemize}

\end{myitemize}

\section{Human chromosomes}
\label{127}
\begin{myitemize}
\item{}  Diploid number = 2n = 46 = 23 pairs of homologs 
\item{}  Haploid number = 23 (gametes) 
\item{}  Each replicated chromosome contains 2 sister chromatids = 92 chromatids 
\end{myitemize}

Cell cycle 
\begin{myitemize}
\item{}  Growth and division cycle of cells 
\item{}  Precisely controlled by biochemical and gene activity, except in cancer 
\item{}  Phases 
\begin{myitemize}
\item{}  G1: primary growth phase 
\item{}  S:  DNA replication; chromosome replication 
\item{}  G2: second growth phase; preparation for mitosis 
\item{}  M: mitosis; nuclear division 
\item{}  C: cytoplasmic division 
\end{myitemize}

\end{myitemize}

\section{Mitotic cell cycle}
\label{128}
\begin{myitemize}
\item{}  Cells exiting the cell cycle are said to be in G0 
\item{}  Cell cycle time varies with stages of life cycle and development, with G1 the most variable 
\item{}  DNA replication occurs during S phase of the cell cycle following G1.
\end{myitemize}
\\
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\section{Replicated human chromosomes}
\label{129}
\section{Mitosis}
\label{130}
\begin{myitemize}
\item{}  Nuclear division 
\begin{myitemize}
\item{}  equational division of replicated chromosomes 
\item{}  chromatids move to opposite poles 
\end{myitemize}

\item{}  Continuous process 
\begin{myitemize}
\item{}  prophase 
\item{}  metaphase 
\item{}  anaphase 
\item{}  telophase 
\end{myitemize}

\item{}  Driven by motors and microtubules 
\item{}  No change in chromosome number 
\begin{myitemize}
\item{}  N {\mbox{$\rightarrow$}} N by mitosis 
\item{}  2N {\mbox{$\rightarrow$}} 2N by mitosis 
\end{myitemize}

\item{}   May be accompanied by cytokinesis 
\end{myitemize}

Kinetochore 
Microtubules attach to kinetochores. 
Metaphase 
\begin{myitemize}
\item{}  Momentary alignment of chromosomes in center of cell 
\end{myitemize}

Anaphase 
\section{Plant mitosis}
\label{131}
\begin{myitemize}
\item{}  Similar to animal mitosis 
\item{}  New cell wall formed between cells from membrane partition 
\end{myitemize}

Cell cycle control 
\begin{myitemize}
\item{}  Cell cycle events are regulated by protein complexes and checkpoints 
\item{}  Discovered by microinjection of proteins in to eggs, by mutational analysis and by techniques of molecular biology 
\end{myitemize}

Molecular control of cell cycle: Cdk and cyclin 
\begin{myitemize}
\item{}  Cyclin dependent protein kinase (Cdk) 
\begin{myitemize}
\item{}  Phosphorylate serine/threonine of target regulatory proteins 
\item{}  Function only when bound to cyclin 
\end{myitemize}

\item{}  Cyclin: short-{}lived proteins that bind to cdks 
\end{myitemize}

\section{Controlling the cell cycle}
\label{132}
\begin{myitemize}
\item{}  External signals initiate cell division in multicellular organisms 
\item{}  Growth factors: extracellular regulatory signals 
\begin{myitemize}
\item{}  Usually soluble; bind to cell surface receptor 
\item{}  Sometimes membrane bound, requiring cell-{}cell contact with receptor 
\item{}  E.g., upon wound, platelets release PDGF which stimulates fibroblasts to enter cell cycle (exit G0), to heal wound 
\end{myitemize}

\end{myitemize}

\section{Cancer}
\label{133}
\begin{myitemize}
\item{}  Unregulated cell proliferation 
\item{}  Cancer cells have numerous abnormalities 
\begin{myitemize}
\item{}  >{}46 chromosomes 
\item{}  Mutations in proto-{}oncogenes 
\end{myitemize}

\item{}  Encode proteins stimulating the cell cycle 
\item{}  May be regulated by phosphorylation 
\item{}  Often over expressed in cancer cells 
\begin{myitemize}
\item{}  Mutations in tumor-{}suppressor genes 
\end{myitemize}

\item{}  Encode proteins inhibiting the cell cycle 
\begin{myitemize}
\item{}  Often bind to products of proto-{}oncogenes 
\end{myitemize}

\item{}  May be regulated by phosphorylation
\end{myitemize}

\section{Mutations and cancer}
\label{134}

{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}
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\label{136}\section{Sexual}
\label{137}
\begin{myitemize}
\item{}  Exclusively eukaryotes 
\item{}  Fusion of two haploid genomes 
\begin{myitemize}
\item{}  Fertilization (= syngamy) 
\item{}  Forms new individuals in multicellular organisms as result of fusion of egg and sperm 
\end{myitemize}

\item{}  Plants 
\item{}  Animals 
\item{}  Meiosis yields haploid genomes at some point in life cycle
\end{myitemize}

\section{Sexual life cycle}
\label{138}
Typical animal life cycle 
\begin{myitemize}
\item{}  Meiosis occurs in germ line cells in gonads producing haploid gametes 
\item{}  All other cells are somatic cells 
\item{} Alternation of generations
\item{} Sexual intercourse
\end{myitemize}

\section{Meiosis}
\label{139}
\begin{myitemize}
\item{}  Gives rise to genetic variation
\item{}  Reduction division: 2n to n 
\item{}  Preceded by one round of DNA (chromosome) replication 
\item{}  Two rounds of nuclear (\& usually cell) division 
\begin{myitemize}
\item{}  Meiosis I 
\end{myitemize}

\item{}  Synapsis of homologs 
\item{}  Segregation of homologs 
\item{}  Reduction division, 2n to n 
\begin{myitemize}
\item{}  Meiosis II 
\end{myitemize}

\item{}  No chromosome replication 
\item{}  Segregation of sister chromatids 
\item{}  Formation of 4 haploid (n) cells
\item{}  Two nuclear divisions, usually 2 cell divisions, only one round of replication 
\item{}  Meiosis I 
\begin{myitemize}
\item{}  Prophase: synapsis and crossing over 
\item{}  Metaphase 
\item{}  Anaphase: chromosome segregation 
\item{}  Telophase 
\end{myitemize}

\item{}  Meiosis II (mitosis-{}like) 
\begin{myitemize}
\item{}  Prophase 
\item{}  Metaphase 
\item{}  Anaphase: sister chromosome segregation 
\item{}  Telophase
\end{myitemize}

\end{myitemize}

\section{Prophase I: synapsis}
\label{140}
\begin{myitemize}
\item{}  Complete alignment of replicated homologs 
\item{}  Synapsis occurs throughout the entire length of a pair of homologs 
\item{}  Key to chromosome segregation 
\item{}  Synapsis, crossing over 
\item{}  Subdivided into 5 continuous stages 
\end{myitemize}

\section{Crossing over}
\label{141}
\begin{myitemize}
\item{}  Reciprocal, physical exchange between nonsister chromatids 
\item{}  Type of recombination; mixes maternal and paternal genes 
\item{}  Visual evidence: chiasmata 
\end{myitemize}

\section{Microtubules and anaphase I}
\label{142}
\begin{myitemize}
\item{}  During prophase microtubules attach to kinetochores on one side of centromere 
\item{}  The metaphase checkpoint insures proper attachment 
\item{}  A phosphorylation event initiates motor activity and anaphase 
\end{myitemize}

\section{Meiosis II}
\label{143}
\begin{myitemize}
\item{}  Cytologically similar to mitosis 
\begin{myitemize}
\item{}  No preceding DNA replication 
\item{}  Chromatids segregate and move to opposite poles as chromosomes 
\item{}  4 haploid cells produced 
\end{myitemize}

\item{}  In animals, these cells differentiate into gametes 
\item{}  In plants and many other organisms, these cells divide by mitosis, followed some time later by gamete formation 
\end{myitemize}

\section{Evolution of sex}
\label{144}
\begin{myitemize}
\item{}  Asexual reproduction: all offspring genetically identical to parent 
\item{}  Sex: recombination destroys advantageous combinations 
\item{}  So why sex? 
\begin{myitemize}
\item{}  Many hypotheses 
\item{}  Effect repair of genetic damage? 
\end{myitemize}

\item{}  Much pachytene repair as well as gene conversion 
\item{}  Some protists form diploid cells in response to stress 
\begin{myitemize}
\item{}  Recombination breaks up combinations of genes favoring parasites, thus reducing parasitism? 
\end{myitemize}

\end{myitemize}

\section{Consequences of sex}
\label{145}
\begin{myitemize}
\item{}  Recombination: generates genetic diversity 
\begin{myitemize}
\item{}  Crossing over 
\item{}  Independent assortment 
\end{myitemize}

\item{}  Random fertilization 
\begin{myitemize}
\item{}  Qualities of gamete usually do NOT reflect qualities of genes enclosed in gamete 
\end{myitemize}

\end{myitemize}


{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}
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\label{148} 
\myhref{http://en.wikibooks.org/wiki/Charles\%20Darwin}{Charles Darwin}, for all he contributed to the science of biology, never knew about the mechanism by which living things inherit traits from previous generations, or how new traits arise.  

As any schoolchild can tell you, this mechanism of interitance has since been found to be {\bfseries \myhref{http://en.wikipedia.org/wiki/DNA}{DNA}}, or deoxyribonucleic acid. DNA allows for stable inheritance of traits: the code in each strand of DNA is replicated precisely through the pairing of basic units along each strand. The error rate in this replication is amazingly low; not even one base pair in a million matches out of sequence.

However, when even one base pair is added to a new strain of DNA in an order differently than in the parent chain, it can be the basis of a {\bfseries mutation}. 
These changes in DNA sequences are the microscopic origin of changes in traits of all studied living things. Even the smallest difference in a strand of DNA can result in a change in traits that can cost the life of the organism. Mutations can produce proteins with a new or altered function. In humans, the example of \myhref{http://en.wikipedia.org/wiki/Sickle\%20cell\%20anaemia}{Sickle cell anemia} is commonly given as its origin is a difference of only one base pair in a section of DNA that encodes red blood cells.

Individual sequences of DNA that encode for specific proteins are called {\bfseries genes} and are the units of heredity. Each one has a set \myhref{http://en.wikipedia.org/wiki/nucleotide}{nucleotide}, and together all of the genes (and some  sequence of DNA that apparently do not code for any biologically important functions) together make up the entire {\bfseries \myhref{http://en.wikipedia.org/wiki/chromosome}{chromosome}}
\section{Mendel}
\label{149}
\begin{myitemize}
\item{}  Discovered principle of genetic segregation via numerous experiments utilizing pea plants
\item{}  Inferred the existence of genes through segregation of phenotypes 
\item{}  Used quantitative methods: counted; ratios
\item{}  Work is model of scientific method
\item{}  In particular, observed the F2 progeny, which lead to the discovery of dominant and recessive traits
\item{}  Published work in 1866, went unnoticed 
\item{}  In 1900 his scientific paper was â��rediscoveredâ�� 
\item{}  Mendel is acknowledged as founder of Genetics 
\begin{myitemize}
\item{}  still used alphabet letters to designate genes 
\item{}  still refer to dominant and recessive genes 
\item{}  still refer to segregation of alleles in meiosis 
\item{}  principle of segregation applies to all sexually reproducing organisms; Mendelâ��s results were immediately applied to humans in 1900
\end{myitemize}

\end{myitemize}
\section{Mendelâ��s experiments}
\label{150}
\begin{myitemize}
\item{}  1856, began experiments with the garden pea, Pisum sativum 
\item{}  1865, presented results to the Bruno natural history society, which he helped found 
\item{}  1866, published his results in proceedings of the society 
\item{}  Naegeli encouraged Mendel to reproduce results in another species, which failed because the species did not undergo true fertilization
\item{}  discrete traits in Pisum sativum
\begin{myitemize}
\item{}  pure-{}breeding lines
\item{}  dominant/recessive alleles
\end{myitemize}

\item{}  alleles are two alternate versions of a gene
\begin{myitemize}
\item{}  gametes contain hybridized chromosomes that are formed during meiosis
\item{}  homozygous has two of the same allele
\item{}  heterozygous has two different alleles
\end{myitemize}

\item{}  reciprocal F1 crosses (all exhibiting dominant phenotypes); F2; F3 
\item{}  counted offspring, noted ratios 
\item{}  inferred genotypes from phenotypes 
\item{}  tested hypotheses with testcrosses 
\item{}  attempted to repeat with another species
\end{myitemize}

\section{Mendelâ��s seven pairs of traits}
\label{151}
\begin{myenumerate}
\item{}  Seed form (round or wrinkled)
\item{}  Cotyledon color (green or yellow)
\item{}  Seed coat color (white or colored)
\item{}  Pod form (inflated or constricted)
\item{}  Pod color (green or yellow)
\item{}  Flower position (axial or terminal)
\item{}  Plant heights (tall or short)
\end{myenumerate}

\section{Locus}
\label{152}
\begin{myitemize}
\item{} The location of a specific gene within a chromosome
\end{myitemize}

\section{Modern Y chromosome}
\label{153}
Y-{}chromosome is the most evolved chromosome. Generally it is thought that if Y-{} chromosome is present in an individual then he will be male. But if mutation occurs at sex determining region or zinc factor then it will not code for testis determining factor, and results in normal female. This type of female\textquotesingle{}s frequency is 1/250000.
\section{Chromosome phenomena}
\label{154}
\begin{myitemize}
\item{}  X-{}chromosome inactivation 
\begin{myitemize}
\item{}  Barr bodies 
\end{myitemize}

\item{}  Nondisjunction: failure of chromosome segregation at meiosis or mitosis 
\begin{myitemize}
\item{}  Results in 2N Â± 1 chromosome number 
\end{myitemize}

\item{}  Trisomy 2N + 1 
\begin{myitemize}
\item{}  Usually lethal. Trisomy 21 (Down) exception 
\end{myitemize}

\item{}  Monosomy 2N ** 1 
\begin{myitemize}
\item{}  Lethal except XO 
\item{}  Usually maternal origin in humans 
\end{myitemize}

\end{myitemize}
\section{X-{}chromosome inactivation}
\label{155}
In females, one X-{}chromosone is randomly switched off forming a Barr body.
\section{Barr body}
\label{156}
Dense region in the nucleus formed by the inactive X-{}chromosome.
\section{Human genetic disorders}
\label{157}

{\bfseries Down\textquotesingle{}s Syndrome(Mongolism)}

Down\textquotesingle{}s Syndrome is usually produced  by the nondisjunction of chromosome 21 during oogenesis and sometimes during spermatogenesis. The individual suffering from this type of syndrome has 47 chromosomes instead of the normal 46. The extra chromosome is not a sex chromosome but an autosome.

Most cases of mongolism were found to occur
in children born by women in their forties. The affected
children, called mongoloids, show mental retardation 
and have a shorter life expectancy. Their most prominent
feature is the Mongolian folds in their eyes; hence, 
the term mongolism.

{\bfseries Klinefelter\textquotesingle{}s Syndrome}

When an XY-{}bearing sperm unites with an X-{}bearing 
egg, the resulting condition is called Klinefelter\textquotesingle{}s 
Syndrome, or sexually undeveloped male. Individuals 
having the syndrome show the following characteristics:
\begin{myitemize}
\item{}     testes are small
\item{}     sperms are never produced
\item{}     breasts are enlarged
\item{}     body hair is sparse
\item{}     individuals are mentally defective
\end{myitemize}


The same abnormal meiotic division may occur in
females. They produce eggs with XX or no sex chromosomes.
Such egg, when fertilized by a Y-{}bearing sperm, will not 
develop (YO). This is because YO is lethal-{}-{}it wil cause 
death to the offspring.
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\label{159}\section{DNA}
\label{160}
DNA stands for {\itshape Deoxyribose Nucleic Acid}. That is, a nucleic acid with two sugars. DNA is the hereditary material of cells and is considered the blueprint of life. DNA is found in all kingdoms of life. Even most viruses have DNA. A molecule of DNA is chemically stable (it does not have a 2-{}prime alcohol group.)

When someone says DNA, they may be referring to one\textquotesingle{}s genetic material on multiple levels: They may be speaking about a single deoxyribose nucleic acid molecule, a section of a double helix, a section of a chromosome, or one\textquotesingle{}s entire hereditary composition.

\begin{myitemize}
\item{}  antiparallel
\item{}  Double helix 
\begin{myitemize}
\item{}  Semiconservative replication 
\item{}  Sequence of nucleotides encodes functional RNA or polypeptide
\end{myitemize}

\end{myitemize}

\section{Historical perspective}
\label{161}
\begin{myitemize}
\item{}  Mitosis and meiosis 
\begin{myitemize}
\item{}  Regular distribution of chromosomes suggested that they contain hereditary information 
\item{}  Bridges/Morgan, using Drosophila melanogaster showed that genes are on chromosomes (1910s) 
\end{myitemize}

\item{}  Hammerling: nucleus contains hereditary information (1930s) 
\item{}  Griffith: transformation of bacteria (1928) 
\item{}  Avery, MacLeod, McCarty:  transforming substance is DNA (1944) 
\item{}  Hershey, Chase: DNA is hereditary material of viruses (1952) 
\item{}  Rosalind Franklin
\item{}  Watson and Crick: structure of DNA (1953)
\end{myitemize}

\section{Hershey-{}Chase Experiment}
\label{162}
The Hershey and Chase experiment was one of the leading suggestions that DNA was a genetic material.  Hershey and Chase used phages, or viruses, to implant their own DNA into a bacterium.  They did two experiments marking either the DNA in the phage with a radioactive phophorus or the protein of the phage with radioactive sulfur.  With the bacteria that was infected by the phages with radioactive DNA the DNA in the bacteria was radioactive.  In the bacteria that was infected with the radioactive protein the bacteria was radioactive, not the DNA.  This proves that DNA is a genetic material and it is passed on in viruses.
\section{DNA/RNA components}
\label{163}
\begin{myitemize}
\item{}  Miescher: discovered DNA, 1869 
\end{myitemize}
\subsection{Structure of DNA}
\label{164}
DNA is in a double helix structure made up of nucleotides.  The \symbol{34}backbone\symbol{34} of the double helix is composed of phosphates connected to a five carbon sugar called {\itshape deoxyribose}, . The \symbol{34}rungs\symbol{34} are composed of nitrogenous bases, Purines and Pyrimidines. Purines contain  Adenine(A) and Guanine(G) and have two rings in their structures. Pyrimidines contain Cytosine(C) and Thymine (T) and have one ring in their structures.
\section{Chemical structure of DNA}
\label{165}
\begin{myitemize}
\item{}  Polynucleotide 
\begin{myitemize}
\item{}  Phosphodiester bonds between nucleotides 
\item{}  5â��-{}pGpTpCpGpTpApApTp-{}OH 3â�� 
\end{myitemize}

\item{}  Chargaffâ��s rules, in DNA: equimolar amounts 
\begin{myitemize}
\item{}  A = T 
\item{}  G = C
\end{myitemize}

\end{myitemize}

\section{3D structure of DNA}
\label{166}
\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/James_D._Watson}{ James Watson} and \myhref{http://en.wikipedia.org/wiki/Francis_Crick}{ Francis Crick} (\myhref{http://en.wikipedia.org/wiki/1953}{ 1953}) 
\begin{myitemize}
\item{}  Nucleotide 
\item{}  Keto and amino forms of bases 
\item{}  Chargaffâ��s rules 
\item{}  X-{}ray crystallographic data (\myhref{http://en.wikipedia.org/wiki/Rosalind_Franklin}{ Rosalind Franklin})
\end{myitemize}

\end{myitemize}

\section{Franklin}
\label{167}
\begin{myitemize}
\item{}  X-{}ray diffraction of DNA crystals 
\item{}  revealed regular pattern explained by antiparallel double helix 
\end{myitemize}

DNA model 
\begin{myitemize}
\item{}  Double helix of polynucleotides 
\begin{myitemize}
\item{}  antiparallel 
\item{}  3â��-{}5â�� phosphodiester bonds 
\end{myitemize}

\item{}  Base pairs held by hydrogen bonds 
\begin{myitemize}
\item{}  AT 
\item{}  GC 
\end{myitemize}

\item{}  There are about 10 base pairs per turn of helix 
\item{}  model has predictive power 
\begin{myitemize}
\item{}  mode of DNA replication 
\item{}  encoding of genetic information
\end{myitemize}

\end{myitemize}

\section{DNA replication}
\label{168}
\begin{myitemize}
\item{}  Conservative model 
\begin{myitemize}
\item{}  One double helix of both old strands 
\item{}  One double helix of two new strands 
\end{myitemize}

\item{}  Dispersed 
\begin{myitemize}
\item{}  Each strand mixture of old new 
\end{myitemize}

\item{}  Semiconservative 
\begin{myitemize}
\item{}  Meselson-{}Stahl experiment confirmed its viability over the previous two
\begin{myitemize}
\item{}  grew {\itshape E. coli} bacterium in a culture containing 15N (a heavy isotope of nitrogen)
\item{}  bacterium assimilated the 15N into their DNA
\item{}  a similar process was then done using 14N, a lighter isotope
\item{}  following centrifugation, the densities were observed to be that of combined in the middle, and 14N on top, thereby confirming the semiconservative model
\end{myitemize}

\end{myitemize}

\end{myitemize}

\section{DNA replication}
\label{169}
\begin{myitemize}
\item{}  Semiconservative 
\item{}  New nucleotides added to 3â�� â��OH 
\item{}  Replication fork 
\begin{myitemize}
\item{}  Replication complex 
\end{myitemize}

\item{}  DNA polymerase 
\item{}  Associated enzymes/proteins 
\begin{myitemize}
\item{}  Energy from phosphate bonds of triphosphate nucleotide substrates (dNTP) 
\end{myitemize}

\end{myitemize}
\section{DNA polymerases}
\label{170}
\begin{myitemize}
\item{}  Prokaryotes, E. coli 
\begin{myitemize}
\item{}  3 DNA polymerases 
\item{}  III is main enzyme for DNA replication 
\item{}  \~{}1000 nt/sec 
\end{myitemize}

\item{}  Eukaryotes 
\begin{myitemize}
\item{}  6 DNA polymerases 
\end{myitemize}

\item{}  Add nucleotide to 3â�� â��OH end 
\item{}  All require primer, i.e., free 3â�� â��OH 
\end{myitemize}
\section{DNA replication complex}
\label{171}
\begin{myitemize}
\item{}  Helicase \symbol{34}unzips\symbol{34} the DNA double helix
\item{}  Primase: synthesize RNA primer 
\item{}  Single-{}strand binding proteins 
\item{}  DNA gyrase (topoisomerase) 
\end{myitemize}


\begin{myitemize}
\item{}  DNA polymerase III 
\item{}  DNA polymerase I (remove primer, fill gaps)
\end{myitemize}

\section{DNA replication}
\label{172}
\begin{myitemize}
\item{}  5â�� {\mbox{$\rightarrow$}} 3â�� replication 
\begin{myitemize}
\item{}  Nucleotide addition at 3â�� â��OH 
\item{}  No exceptions 
\end{myitemize}

\item{}  New strands are oriented in opposite direction due to 5â�� {\mbox{$\rightarrow$}} 3â�� constraint 
\begin{myitemize}
\item{}  Leading strand: continuous replication 
\item{}  Lagging strand: discontinuous replication 
\begin{myitemize}
\item{}  contains multiple Okazaki fragments
\end{myitemize}

\end{myitemize}

\item{}  Joined by DNA ligase
\end{myitemize}

\section{DNA replication fork}
\label{173}
\begin{myitemize}
\item{}  primer required by all DNA polymerases 
\end{myitemize}
\section{Replication units}
\label{174}\section{Replicon}
\label{175}
A region of DNA that is replicated from a single origin.
\section{What is gene?}
\label{176}
\begin{myitemize}
\item{}  Garrod 
\begin{myitemize}
\item{}  â��inborn errors of metabolismâ�� 
\item{}  Alkaptonuria: enzyme deficiency 
\end{myitemize}

\item{}  Beadle and Tatum 
\begin{myitemize}
\item{}  One gene one enzyme 
\item{}  Genetic and biochemical analysis in Neurospora 
\end{myitemize}

\item{}  Today:  gene is sequence of nucleotides encoding functional RNA molecule or the amino acid sequence of a polypeptide
\end{myitemize}


{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}
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\label{178}
Flow of genetic information 
\begin{myitemize}
\item{}  DNA {\mbox{$\rightarrow$}} mRNA {\mbox{$\rightarrow$}} polypeptide 
\item{}  Transcription: DNA {\mbox{$\rightarrow$}} mRNA 
\begin{myitemize}
\item{}  RNA polymerase 
\item{}  Nucleus in eukaryotes 
\item{}  Transcription also makes rRNA and tRNA 
\end{myitemize}

\item{}  Translation: mRNA {\mbox{$\rightarrow$}} polypeptide 
\begin{myitemize}
\item{}  Ribosomes: protein and rRNA 
\item{}  Genetic code and tRNA
\end{myitemize}

\end{myitemize}

\section{â��Central Dogmaâ��}
\label{179}
\section{The Genetic Code}
\label{180}
\begin{myitemize}
\item{}  Triplet codon 
\begin{myitemize}
\item{}  64 triplet codons (43) 
\item{}  Experimentally deciphered in 1961 
\end{myitemize}

\item{}  Nearly universal 
\begin{myitemize}
\item{}  Implies common ancestor to all living things 
\item{}  Minor exceptions: certain ciliates, mitochondria, chloroplasts 
\end{myitemize}

\item{}  Still evolving 
\end{myitemize}

\section{Transcription}
\label{181}
\begin{myitemize}
\item{}  RNA polymerase 
\begin{myitemize}
\item{}  NTP substrates 
\item{}  Synthesizes single stranded RNA complementary to template strand of DNA 
\item{}  New nucleotides to 3â�� end 
\end{myitemize}

\item{}  Begins at promoter site 
\begin{myitemize}
\item{}  no primer necessary 
\end{myitemize}

\item{}  Ends at terminator site 
\item{}  Much posttranscriptional modification in eukaryotes 
\end{myitemize}
\section{Transcription bubble}
\label{182}
Promoter site 
\begin{myitemize}
\item{}  Prokaryotes 
\begin{myitemize}
\item{}  -{}10 nt, TATA box 
\item{}  -{}35 nt, additional signal 
\end{myitemize}

\item{}  Eukayotes 
\begin{myitemize}
\item{}  -{}25, TATAAA box 
\item{}  Additional signals upstream 
\end{myitemize}

\item{}  Promoters may be strong or weak 
\item{}  In eukaryotes, access to promoter depends upon state of chromatin coiling 
\end{myitemize}
\section{Eukaryote mRNA}
\label{183}
\begin{myitemize}
\item{}  Synthesized as pre-{}mRNA, processed in nucleus 
\item{}  5â�� end: GTP cap placed in inverted position 
\begin{myitemize}
\item{}  Essential for ribosome recognition 
\end{myitemize}

\item{}  3â�� end: poly-{}A tail; non-{}templated addition of \~{}50-{}250 A nucleotides; stability 
\item{}  Introns: intervening sequences removed 
\end{myitemize}
\section{Translation}
\label{184}
\begin{myitemize}
\item{}  Requires: 
\begin{myitemize}
\item{}  mRNA 
\item{}  tRNA 
\item{}  ribosomes 
\item{}  translation factors (various proteins) 
\end{myitemize}

\item{}  In prokaryotes, takes place on growing mRNA 
\item{}  In eukaryotes, in cytoplasm on free ribosomes and RER 
\item{}  AUG start codon to stop codon 
\end{myitemize}
\section{Translation in bacteria}
\label{185}
tRNA 
\begin{myitemize}
\item{}  Transfer RNA 
\item{}  Two important parts 
\begin{myitemize}
\item{}  Anticodon 
\end{myitemize}

\item{}  Hydrogen bonds with mRNA codon 
\begin{myitemize}
\item{}  3â�� end 
\end{myitemize}

\item{}  Accepts amino acid (using energy of ATP) 
\item{}  Aminoacyl-{}tRNA synthetase 
\end{myitemize}
\section{Aminoacyl tRNA synthase}
\label{186}
\begin{myitemize}
\item{}  Enzyme used to bind amino acid from the cytoplasm to tRNA, which then transfers that amino acid to the ribosome for polypeptide formation
\end{myitemize}
\section{Ribosome structure}
\label{187}
\section{Large ribosome subunit}
\label{188}\section{Translation}
\label{189}
\begin{myitemize}
\item{}  Initiation complex 
\begin{myitemize}
\item{}  Small ribosomal subunit 
\item{}  mRNA 
\item{}  fMet-{}tRNA (prokaryotes only; met-{}tRNA in eukaryotes) 
\item{}  Initiation factors 
\end{myitemize}

\item{}  Elongation 
\begin{myitemize}
\item{}  Ribosome 
\item{}  mRNA 
\item{}  tRNAs 
\item{}  Elongation factors 
\end{myitemize}

\end{myitemize}
\section{Initiation complex}
\label{190}\section{Elongation, translocation}
\label{191}
\begin{myitemize}
\item{}  incoming tRNA enters the A site 
\item{}  rRNA catalyzes peptide bond formation.  Note that growing peptide is attached to what was incoming tRNA at P site after translocation. 
\item{}  empty tRNA leaves via E site; recycled 
\item{}  A site ready for next charged tRNA 
\end{myitemize}


\section{Introns/exons}
\label{192}
\begin{myitemize}
\item{}  In eukaryotes, coding regions of gene may be interrupted by introns, noncoding regions of DNA (RNA) 
\item{}  Introns 
\begin{myitemize}
\item{}  22-{} >{}10,000 nt in length 
\item{}  5â�� GU {\mbox{$\ldots$}} 3â�� AG removal sequence 
\item{}  Not essential to genes 
\item{}  May constitute >{}90\% of gene 
\end{myitemize}

\item{}  removed from pre-{}mRNA to form mRNA 
\item{}  Exon: often codes for functional domain of protein 
\begin{myitemize}
\item{}  translatable mRNA
\end{myitemize}

\end{myitemize}


{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}
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\label{194}
\begin{myitemize}
\item{}  Not all genes are expressed in a cell 
\item{}  Gene expression can be turned on and off 
\item{}  Multiple levels of regulation gene function 
\begin{myitemize}
\item{}  Transcription initiation 
\end{myitemize}

\item{}  State of chromatin 
\item{}  Transcription factors 
\begin{myitemize}
\item{}  Post-{}transcriptional 
\end{myitemize}

\item{}  mRNA processing 
\item{}  mRNA half-{}life 
\item{}  Translational 
\item{}  Post-{}translational 
\begin{myitemize}
\item{}  Protein modification 
\end{myitemize}

\end{myitemize}
\section{Transcriptional control}
\label{195}
\begin{myitemize}
\item{}  State of chromatin 
\begin{myitemize}
\item{}  Euchromatin: transcriptionally active 
\item{}  Heterochromatin: transcriptionally inactive 
\item{}  Chemical modification of histones 
\item{}  Methylation of bases 
\end{myitemize}

\item{}  Transcription factors 
\begin{myitemize}
\item{}  Bind to DNA at promoter or other regulatory sites (enhancers) 
\end{myitemize}

\item{}  Recognize base sequence through major and minor grooves 
\begin{myitemize}
\item{}  Recruit RNA polymerase 
\end{myitemize}

\end{myitemize}
\section{DNA grooves}
\label{196}
Categories of transcription factors in eukaryotes 
\begin{myitemize}
\item{}  Helix-{}turn-{}helix 
\begin{myitemize}
\item{}  Two small \symbol{34}-{}helices 
\item{}  Fit into DNA groove 
\end{myitemize}

\item{}  Homeodomain 
\begin{myitemize}
\item{}  Highly conserved helical domains 
\item{}  \~{}60 amino acids 
\end{myitemize}

\item{}  Zinc finger motif 
\begin{myitemize}
\item{}  Zn atom bound 
\end{myitemize}

\item{}  Leucine zipper 
\begin{myitemize}
\item{}  dimer 
\end{myitemize}

\end{myitemize}
\section{Regulatory proteins}
\label{197}
\begin{myitemize}
\item{}  Activity may depend upon allosteric binding of small molecules 
\begin{myitemize}
\item{}  cAMP 
\item{}  Co-{}repressors 
\item{}  Inhibitors 
\end{myitemize}

\item{}  Binding to promoter region may â��bendâ�� DNA, making it accessible to other regulatory proteins 
\end{myitemize}
\section{Lac operon of E. coli}
\label{198}
\begin{myitemize}
\item{}  Single promoter region for cluster of genes 
\item{}  Regulated and transcribed as a single unit 
\item{}  Operons typical in prokaryotes 
\item{}  Repressor: turns OFF gene expression 
\end{myitemize}

lac repressor 
\begin{myitemize}
\item{}  Turns off transcription by blocking access by RNA polymerase 
\item{}  repressor in activated by allosteric binding of lactose 
\end{myitemize}

Regulation in eukaryotes 
\begin{myitemize}
\item{}  Both proximal (promoter) and distal (enhancer) to gene 
\item{}  Typically transcription unit encodes a single polypeptide 
\item{}  Promoter 
\begin{myitemize}
\item{}  TATA box 
\item{}  Other elements (regulatory sequences) may be present 
\end{myitemize}

\item{}  Enhancers 
\begin{myitemize}
\item{}  Work upstream, downstream, close, far from gene 
\item{}  Bend DNA
\end{myitemize}

\end{myitemize}

\section{Alternative splicing}
\label{199}
\begin{myitemize}
\item{}  Single transcript gives rise to 2 or more mature mRNAs 
\begin{myitemize}
\item{}  encode different polypeptides with shared domains 
\item{}  tissue and developmentally specific
\end{myitemize}

\end{myitemize}


{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}
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\label{201} 

A mutation is a permanent change to an organism\textquotesingle{}s genetic material (\myhref{http://en.wikipedia.org/wiki/DNA}{DNA} or RNA).  Mutations are a rare but significant biological process, since they provide the variation on which \myhref{http://en.wikibooks.org/wiki/General\%20Biology\%2FEvolution}{evolution} acts and are also the source of cancer.

An organism\textquotesingle{}s genetic material is made up of polymers (chains) of four different \myhref{http://en.wikipedia.org/wiki/nucleotide}{nucleotides}, like a recipe book written in a language of only four letters.  A mutation event is when the order of the nucleotides in DNA change, usually when the DNA is being copied.

Mutations come in a number of forms:\section{Point Mutations}
\label{202}
Point mutations are all mutations which involve a single nucleotide.  These come in the form of substitutions, insertions and deletions:
\section{Substitution}
\label{203}
Substitution Mutations: In substitution mutations, a nitrogenous base of a triplet codon of DNA is replaced by another nitrogen base or some derivative of the nitrogen base, changing the codon. The altered codon codes for a different amino acid substitution.The substitution mutations are of two types:


1.Transitions: It is the replacement of one purine in a polynucleotide chain by another purine(A by G or C by A) or one pyrimidine by another pyrimidine(T by C or C by T)

2.Transversions:A base pair substitution involving the substitution of a purine by pyrimidine  or pyrimidine by a purine is called transversion.
\subsection{Insertion}
\label{204}
\subsection{Deletion}
\label{205}
\section{Larger mutations}
\label{206}
Larger mutations which involve more than one nucleotide also include insertions and deletions, but can also include inversions, rearrangement of nucleotides and duplication of entire genes:
\subsection{Inversion}
\label{207}
\subsection{Rearrangement}
\label{208}
\subsection{Gene/Exon Duplications}
\label{209}
\subsubsection{Transposition}
\label{210}
\subsubsection{Retrotransposition}
\label{211}
\section{Chromosomal mutations}
\label{212}
Chromosomal mutations involve changes to entire chromosomes.  These mutations are particularly rare:
\subsection{Translocation}
\label{213}
\subsection{Fusion}
\label{214}
\subsection{Fission}
\label{215}
\subsection{Segmental Duplication}
\label{216}
\subsection{Chromosomal Duplication}
\label{217}
\subsection{Genome Duplication}
\label{218}
\section{Causes of mutations}
\label{219}
\section{Effects of mutations}
\label{220}
Mutations can have a variety of different effects depending on the type of mutation, the significance of the piece of genetic material affected and whether the cells affected are germ-{}line cells.  Only mutations in germ-{}line cells can be passed on to children, while mutations elsewhere can cause cell-{}death or cancer.

Mutations can be classified by their effects:
\subsection{Silent Mutation}
\label{221}

Silent Mutations are DNA mutations that do not result in a change to the amino acid sequence or a protein. They may occur in a non-{}coding region (outside of a gene or within an intron), or they may occur within an exon in a manner that does not alter the final amino acid chain.
\subsection{Frameshift}
\label{222}
\subsection{Missense Mutation}
\label{223}

Missense mutations are types of point mutations where a single nucleotide is changed to cause substitution of a different amino acid. This in turn can render the resulting protein nonfunctional. Such mutations are responsible for diseases such as Epidermolysis bullosa.
\subsection{Nonsense Mutation}
\label{224}
\section{Further reading}
\label{225}\subsection{Books}
\label{226}
\begin{myitemize}
\item{}  Jones, S. 1993. {\itshape The Language of the Genes}. Harper Collins ISBN 0006552439.
\end{myitemize}
\subsection{Websites}
\label{227}
\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/Mutation}{Wikipedia: Mutation}
\item{}  \myplainurl{http://www.evowiki.org/Mutation}
\end{myitemize}

\section{Original notes}
\label{228}

\begin{myitemize}
\item{}  â��Rareâ�� change in nucleotide sequence 
\begin{myitemize}
\item{}  Somatic vs germline 
\end{myitemize}

\item{}  only those in germline are heritable 
\begin{myitemize}
\item{}  Point mutation 
\end{myitemize}

\item{}  Single nucleotide change 
\begin{myitemize}
\item{}  Change in gene position 
\end{myitemize}

\item{}  Transposition 
\item{}  Chromosomal rearrangement 
\item{}  Mutagenic agents 
\item{}  Raw material for evolutionary change 
\end{myitemize}
\section{Point mutation}
\label{229}
\begin{myitemize}
\item{}  Ionizing radiation 
\begin{myitemize}
\item{}  UV light induces thymine dimers 
\end{myitemize}

\item{}  Reparable 
\item{}  Error during DNA synthesis 
\item{}  Movement of transposons 
\begin{myitemize}
\item{}  McClintock 
\end{myitemize}

\item{}  Chemical mutagens 
\item{}  May alter 
\begin{myitemize}
\item{}  Properties of promoter, enhancer 
\item{}  Amino acid sequence of polypeptide
\end{myitemize}

\end{myitemize}
\section{Acquisition of genetic variability}
\label{230}
\begin{myitemize}
\item{}  Mutation 
\item{}  Sex (fusion of genomes) 
\item{}  Recombination 
\begin{myitemize}
\item{}  Crossing over 
\end{myitemize}

\item{}  Reciprocal (may result in gene conversion) 
\item{}  Unequal (gives rise to gene families) 
\begin{myitemize}
\item{}  Independent segregation 
\end{myitemize}

\item{}  Transposition by transposons 
\item{}  Conjugation in bacteria 
\begin{myitemize}
\item{}  One way transfer from donor to recipient 
\end{myitemize}

\end{myitemize}
\section{Eukaryote genome}
\label{231}
\begin{myitemize}
\item{}  Thousands of transposons 
\item{}  Millions of transposon derived elements 
\begin{myitemize}
\item{}  LINES, SINES 
\end{myitemize}

\item{}  Above may constitute largest portion of genome 
\item{}  Pseudogenes 
\item{}  Tandem clusters (rRNA genes; nucleolus) 
\item{}  Multigene families 
\item{}  Single-{}copy genes (one copy per 1n) 
\end{myitemize}
\section{Barbara McClintock}
\label{232}
\begin{myitemize}
\item{}  Discovered transposons in perhaps greatest and ultimately most important intellectual endeavors in genetics 
\begin{myitemize}
\item{}  Maize 
\item{}  Worked alone 
\end{myitemize}

\item{}  Transposons: likely responsible for considerable evolution in eukaryotic genomes 
\item{}  Likely origin of viruses 
\end{myitemize}


{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}





\label{233}
\LaTeXNullTemplate{}\chapter{Recombinant DNA technology}

\myminitoc
\label{234}
\begin{myitemize}
\item{}  Revolutionized modern biology 
\begin{myitemize}
\item{}  Ability to manipulate genes in vitro 
\end{myitemize}

\item{}  Hybrid genes, including combining genes of different species 
\item{}  Detailed study of gene function 
\begin{myitemize}
\item{}  Determine nucleotide sequences of genes and their regulators (deduce amino acid sequences of proteins) 
\end{myitemize}

\item{}  Genome projects: complete nucleotide sequence of >{}40 genomes, including human 
\item{}  Made possible by convergence of: 
\begin{myitemize}
\item{}  discovery of restriction enzymes 
\item{}  genetics of bacteria and their plasmids 
\end{myitemize}

\end{myitemize}
\section{Recombinant DNA technology}
\label{235}
\begin{myitemize}
\item{}  Uses 
\begin{myitemize}
\item{}  Detailed study of gene function 
\end{myitemize}

\item{}  Homeostasis, response to stress 
\item{}  Development (birth defects) 
\begin{myitemize}
\item{}  Evolution of genes informs on evolution of life 
\end{myitemize}

\item{}  Human betterment 
\begin{myitemize}
\item{}  Medicine 
\end{myitemize}

\item{}  Identification, treatment of genetic disorders 
\item{}  Molecular medicine: from deduced amino acid sequences, design better drugs 
\begin{myitemize}
\item{}  Foods 
\end{myitemize}

\item{}  Improve crop yield, resistance to disease 
\item{}  Improve nutritional value 
\begin{myitemize}
\item{}  Forensics 
\end{myitemize}

\item{}  DNA fingerprinting: guilt or innocence 
\end{myitemize}
\section{Restriction endonucleases}
\label{236}
Originally found in bacteria to prevent invasion of viral DNA, cuts double stranded DNA that is unmethylated, will not cut newly synthesized DNA since hemi-{}methylated, a product of semi-{}conservative replication of DNA
\begin{myitemize}
\item{}  sever phosphodiester bonds of both polynucleotide strands in order to combine foreign DNA
\begin{myitemize}
\item{}  create restriction fragments (restriction digestion) 
\item{}  5â�� phosphate and 3â�� â��OH at ends 
\end{myitemize}

\item{}  usually nucleotide specific target sequence 
\begin{myitemize}
\item{}  4-{}6 bp most common, the more bases, then the more specific for recombination
\item{}  cuts in or near sequence 
\item{}  ends 
\end{myitemize}

\item{}  sticky=overhanging ends, 5â�� or 3â�� 
\item{}  blunt ends -{} straight cut, will anneal with any other blunt end in the presence of high ligase 
\item{}  Hundreds of know restriction endonucleases, usually named after the bacteria that it was found in
\begin{myitemize}
\item{}  e.g. EcoR1, Alu1, BAM, HIND3
\end{myitemize}

\end{myitemize}

\section{Restriction endonucleases}
\label{237}
Gene cloning 
\begin{myitemize}
\item{}  Cloning: 
\begin{myitemize}
\item{}  Restriction digestion of DNA 
\item{}  insertion of restriction fragment into cloning vector 
\end{myitemize}

\item{}  Bacterial plasmid 
\item{}  Bacterial virus 
\item{}  Yeast artificial chromosomes 
\item{}  Transformation of bacteria with recombinant plasmid, virus 
\item{}  Screening for clone of interest by using reporter genes or resistance upon exposure to anti-{}biotic
\end{myitemize}

\section{Uses of cloned gene}
\label{238}
\begin{myitemize}
\item{}  Determine nucleotide sequence and deduce amino acid sequence from genetic code 
\begin{myitemize}
\item{}  Submit to GenBank (available on WWW) 
\end{myitemize}

\item{}  Manipulate gene to study function 
\begin{myitemize}
\item{}  In vitro 
\item{}  In vivo 
\end{myitemize}

\item{}  Transgenic (recombinant) organisms 
\item{}  Knockout organisms 
\item{}  Medical and commercial uses 
\end{myitemize}
\section{Other molecular procedures}
\label{239}
\begin{myitemize}
\item{}  Polymerase chain reaction (Mullis) 
\begin{myitemize}
\item{}  Amplifies target DNA without cloning 
\item{}  Target amount can be single molecule 
\item{}  Amplified DNA can be sequenced, cloned, etc. 
\end{myitemize}

\item{}  Southern blotting 
\begin{myitemize}
\item{}  Used to identify restriction fragments carrying particular gene 
\item{}  Also used for DNA fingerprinting and RFLP analysis 
\end{myitemize}

\item{}  cDNA construction 
\begin{myitemize}
\item{}  Reverse transcription from mRNA template 
\end{myitemize}

\end{myitemize}
\section{RFLP(restriction fragment length polymorphism) analysis}
\label{240}
\begin{myitemize}
\item{}  Basis of DNA fingerprinting using SNP -{} single nucleotide polymorphisms and repeats of DNA sequence
\item{}  Many uses 
\begin{myitemize}
\item{}  Criminal cases using multiple probes
\item{}  Parentage 
\item{}  Species identification 
\item{}  Gene evolution 
\item{}  Species evolution
\end{myitemize}

\end{myitemize}

\section{Sanger DNA sequencing}
\label{241}
\begin{myitemize}
\item{}  Uses dideoxynucleotides (ddNTP), a template strand, DNA polymerase 1 (Also known as Kornberg enzymes) and dNTPs
\begin{myitemize}
\item{}  Missing 3â��-{}OH for nulceopjilic attack for elongation
\item{}  DNA synthesis stops after one is incorporated into DNA fragment
\item{}  ratio of ddNTP to dNTP determines likelihood of termination
\end{myitemize}

\item{}  Manual method with 32P-{}labeled ddATP and 4 test tubes -{} ddATP, ddCTP, ddGTP, ddTTP
\item{}  Automated method using ddNTPs labeled with fluorescent dyes in capillary tube
\begin{myitemize}
\item{}  Often done commercially
\end{myitemize}

\end{myitemize}

\section{Automated sequencing}
\label{242}
Typical machine 
\begin{myitemize}
\item{} 
\begin{myitemize}
\item{}  2 hour sequencing run 
\item{}  600-{}1000 bases per sample 
\item{}  multiple samples 
\end{myitemize}

\item{}  Up to 500,000 bases per day (12 hr) 
\item{}  Data processed by computer 
\item{}  In big labs, sequencing reactions also are automated
\end{myitemize}
\section{Genome projects}
\label{243}
\begin{myitemize}
\item{}  Determine entire nucleotide sequence of genome 
\item{}  >{}40 genomes sequenced 
\begin{myitemize}
\item{}  Helicobacter pylori 
\item{}  Escherichia coli 
\item{}  Saccharomyces cerevisiae 
\item{}  Caenorhabditis elegans 
\item{}  Drosophila melanogaster 
\item{}  Homo sapiens (first rough draft) 
\end{myitemize}

\item{}  Computer identifies all genes, based on properties of genes (e.g., start/stop codons, introns, etc.). 
\end{myitemize}
\section{Biochips}
\label{244}
\begin{myitemize}
\item{}  Microarray of DNA fragments, size of postage stamp; can be expensive, but has decreased in cost 
\end{myitemize}

Microarray chips contain wells of DNA that code for specific genes that uses the concept of hybridization with the gene of interest to see if a gene is expressed or is present. 
\begin{myitemize}
\item{}  Designed to detect: 
\begin{myitemize}
\item{}  mutated genes (SNPs) 
\item{}  expressed genes 
\end{myitemize}

\item{}  Instant DNA profile (â��GATTACAâ��)
\end{myitemize}

\section{DNA chip controversies}
\label{245}
\begin{myitemize}
\item{}  Medicine 
\begin{myitemize}
\item{}  Risks and informed consent for gene replacement therapy 
\item{}  Alteration of human gene pool 
\item{}  Parental choice 
\item{}  Privacy 
\end{myitemize}

\item{}  Genetically modified foods 
\begin{myitemize}
\item{}  Safety 
\item{}  Labeling 
\end{myitemize}

\item{}  Forensics 
\begin{myitemize}
\item{}  Mandatory tests 
\item{}  Reliability standards 
\end{myitemize}

\end{myitemize}
\section{Gene patenting}
\label{246}
\begin{myitemize}
\item{}  Techniques to study and manipulate genes are patented (e.g., cloning and PCR) 
\item{}  Should genes be patented? 
\begin{myitemize}
\item{}  Are they the intellectual property of the discoverer? 
\item{}  Donâ��t they belong to all of us? 
\item{}  Should indigenous peoples be compensated for useful genes extracted from their local plants and fungi?
\end{myitemize}

\end{myitemize}
\section{Stem cells}
\label{247}
\begin{myitemize}
\item{}  Totipotent cells from early embryo 
\begin{myitemize}
\item{}  grow into any tissue or cell type 
\end{myitemize}

\item{}  Recombinant genes can be introduced 
\item{}  Considerable use in analyzing gene expression in mice 
\item{}  Possible therapeutic use in humans 
\item{}  Very controversial
\end{myitemize}


{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}
\chapter{Classification of Living Things}
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\label{248}





\label{249}
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\subsection{Classification of Living Things \& Naming}
\label{250}

With so many flora and fauna on planet Earth, there must be a method to classify each organism to distinguish it from others so it can be correctly identified. Classification does not only apply to biology. For example, supermarkets and grocery stores organise their products by classifying them. Beverages may occupy one aisle, while cleaning supplies may occupy another.    
In science, the practice of classifying organisms is called {\bfseries taxonomy} (Taxis means arrangement and nomos means law). The modern taxonomic system was developed by the Swedish botanist Carolus (Carl) Linneaeus (1707-{}1788). He used simple physical characteristics of organisms to identify and differentiate between different species.  

Linneaeus developed a hierarchy of groups for taxonomy. To distinguish different levels of similarity, each classifying group, called {\bfseries taxon} (pl. taxa) is subdivided into other groups. To remember the order, it is helpful to use a mnemonic device. The taxa in hierarchical order: 

\begin{myitemize}
\item{} Domain -{} Archea, Eubacteria, Eukaryote 
\item{} Kingdom -{} Plants, Animals, Fungi, Protists, Eubacteria (Monera), Archaebacteria 
\item{} Phylum 
\item{} Class 
\item{} Order 
\item{} Family 
\item{} Genus 
\item{} Species 
\end{myitemize}


The domain is the broadest category, while species is the most specific category available. The taxon Domain was only introduced in 1990 by Carl Woese, as scientists reorganise things based on new discoveries and information. For example, the European Hare would be classified as follows: 

Eukaryote -{}-{}>{} Animal -{}-{}>{} Chordata -{}-{}>{} Mammalia -{}-{}>{} Lagomorpha -{}-{}>{} Leporidae -{}-{}>{} Lepus -{}-{}>{} {\itshape Lepus europaeus}. 

{\bfseries Binomial nomenclature} is used to name an organism, where the first word beginning with a capital is the genus of the organism and the second word beginning with lower-{}case letter is the species of the organism. The name must be in italics and in Latin, which was the major language of arts and sciences in the 18th century. The scientific name can be also abbreviated, where the genus is shortened to only its first letter followed by a period. In our example, {\itshape Lepus europaeus} would become {\itshape L. europaeus\textquotesingle{}. }

Taxonomy and binomial nomenclature are both specific methods of classifying an organism. They help to eliminate problems, such as mistaken identity and false assumptions, caused by common names. An example of the former is the fact that a North American robin is quite different from the English robin. An example of the latter is the comparison between crayfish and catfish, where one might believe that they both are fish when in fact, they are quite different.

Nomenclature is concerned with the assignment of names to taxonomic groups in agreement with published rules.
\subsection{Eukaryotes \& Prokaryotes}
\label{251}

Recall that there are two basic types of cells: {\bfseries eukaryotes} and {\bfseries prokaryotes}. 

Eukaryotes are more complex in structure, with nuclei and membrane-{}bound organelles. Some characteristics of eukaryotes are:

\begin{myitemize}
\item{} Large (100 -{} 1000 Î¼m)
\item{} DNA in nucleus, bounded by membrane
\item{} Genome consists of several chromosomes.
\item{} Sexual reproduction common, by mitosis and meiosis
\item{} Mitochondria and other organelles present
\item{} Most forms are multicellular
\item{} Aerobic
\end{myitemize}


Prokaryotes refer to the smallest and simplest type of cells, without a true nucleus and no membrane-{}bound organelles. Bacteria fall under this category. Some characteristics:

\begin{myitemize}
\item{} Small (1-{}10 Î¼m)
\item{} DNA circular, unbounded
\item{} Genome consists of single chromosome.
\item{} Asexual reproduction common, not by mitosis or meiosis.
\item{} No general organelles
\item{} Most forms are singular
\item{} Anaerobic
\end{myitemize}

\subsection{The Three Domains}
\label{252}

The three domains are organised based on the difference between eukaryotes and prokaryotes. Today\textquotesingle{}s living prokaryotes are extremely diverse and different from eukaryotes. This fact has been proven by molecular biological studies (e.g. of RNA structure) with modern technology. The three domains are as follows: 

{\bfseries Archea (Archeabacteria)} consists of archeabacteria, bacteria which live in extreme environments. The kingdom Archaea belongs to this domain.

{\bfseries Eubacteria} consists of more typical bacteria found in everyday life. The kingdom Eubacteria belongs to this domain.

{\bfseries Eukaryote} encompasses most of the world\textquotesingle{}s visible living things. The kingdoms Protista, Fungi, Plantae, and Animalia fall under this category.
\subsection{The Six Kingdoms}
\label{253}

Under the three domains are six kingdoms in taxonomy. The first two, {\bfseries Plants} and {\bfseries Animals}, are commonly understood and will not be expounded here. 

{\bfseries Protista}, the third kingdom, was introduced by the German biologist Ernst Haeckel in 1866 to classify micro-{}organisms which are neither animals nor plants. Since protists are quite irregular, this kingdom is the least understood and the genetic similarities between organisms in this kingdom are largely unknown. For example, some protists can exhibit properties of both animals and plants. 

{\bfseries Fungi} are organisms which obtain food by absorbing materials in their bodies. Mushrooms and moulds belong in this kingdom. Originally, they were part of the plant kingdom but were recategorised when they were discovered not to photosynthesise.

{\bfseries Eubacteria} are bacteria, made up of small cells, which differ in appearance from the organisms in the above kingdoms. They lack a nucleus and cell organelles. They have cell walls made of peptidoglycan.

{\bfseries Archae (or Archaebacteria)} are bacteria which live in extreme environments, such as salt lakes or hot, acidic springs. These bacteria are in their own category as detailed studies have shown that they have unique properties and features (ex. unusual lipids that are not found in any other organism)which differ them from other bacteria and which allow them to live where they live. Their cell walls lack peptidoglycan.
\subsection{Origins of Diversity}
\label{254}

The diversity in our planet is attributed to diversity within a species. As the world changed in climate and in geography as time passed, the characteristics of species diverged so much that new species were formed. This process, by which new species evolve, was first described by British naturalist Charles Darwin as {\bfseries natural selection}. 

For an organism to change, genetic mutations must occur. At times, genetic mutations are accidental, as in the case of prokaryotes when they undergo asexual reproduction. For most eukaryotes, genetic mutations occur through sexual reproduction, where meiosis produces haploid gametes from the original parent cells. The fusion of these haploid gametes into a diploid zygote results in genetic variation in each generation. Over time, with enough arrangement of genes and traits, new species are produced. Sexual reproduction creates an immense potential of genetic variety.

One goal of taxonomy is to determine the evolutionary history of organisms. This can be achieved by comparing species living today with species in the past. The comparison in anatomy and structure is based on data from development, physical anatomy, biochemistry, DNA, behaviour, and ecological preferences. The following are examples of how such data is used:

\begin{myitemize}
\item{} Anatomy:
\end{myitemize}


Although a horse and a human may look different, there is evidence that their arm structures are quite similar. Their arms\textquotesingle{} sizes and proportions may be different, but the anatomical structures are quite similar. Such evidence reveals that animals in different taxa may not be that different. Biological features from a common evolutionary origin are known as {\bfseries homologous}.

\begin{myitemize}
\item{} Development
\end{myitemize}


\begin{myitemize}
\item{} Biochemistry: 
\end{myitemize}


Biochemical analysis of animals similar in appearance have yielded surprising results. For example, although guinea pigs were once considered to be rodents, like mice, biochemistry led them to be in their taxon of their own.
\subsection{Phylogeny, Cladistics \& Cladogram}
\label{255}

Modern taxonomy is based on many hypotheses\textquotesingle{} of the evolutionary history of organisms, known as {\bfseries phylogeny}. As with the Scientific Method, scientists develop a hypothesis on the history of an animal and utilise modern science and technology to prove the phylogeny. 

{\bfseries Cladistics} is a classification system which is based on phylogeny. Expanding on phylogeny, cladistics is based on the assumption that each group of related species has one common ancestor and would therefore retain some ancestral characteristics. Moreover, as these related species evolve and diverge from their common ancestor, they would develop unique characteristics. Such characteristics are known as {\bfseries derived characteristics}

The principles of phylogeny and cladistics can be expressed visually as a {\bfseries cladogram}, a branching diagram which acts as a family (phylogenetic) tree for similar species. A cladogram can also be used to test alternative hypotheses for an animal\textquotesingle{}s phylogeny. In order to determine the most likely cladogram, the derived characteristics of similar species are matched and analysed.
\subsection{Classification of Living Things Practice Questions}
\label{256}

1. If taxonomists had to select an existing kingdom to reclassify, which of the six would most likely be chosen? Why? 

2. Complete the following without consulting external sources:

a) The species {\itshape caudatum} is in the family {\itshape Paramecidae}. What would be the binomial name of this organism? 

b) Give the abbreviation of the binomial name.

3. 

a) Irish moss belongs to the genus {\itshape Chondrus}. The name for this species is {\itshape crispus}. Give the binomial name.

b) Give the abbreviation of the binomial name. 

4. Humans and chimpanzees are alike. Which of the following data would most accurately prove this correct?

\begin{myquote}
\item{} a) biochemistry
\item{} b) DNA
\item{} c) appearance
\item{} d) development
\item{} e) A, B, C
\end{myquote}


5. Which of the following is out of order?

\begin{myquote}
\item{} a) Kingdom -{}-{}>{} Phyllum -{}-{}>{} Class
\item{} b) Class -{}-{}>{} Family -{}-{}>{} Order
\item{} c) Family -{}-{}>{} Order -{}-{}>{} Genus
\item{} d) Genus -{}-{}>{} Species
\item{} e) A, C
\item{} f) A, B, D
\item{} g) B, C
\end{myquote}


6. A taxonomist discovers Organism A and Organism B and wishes to classify them. Which of the following choices is the most informative?

\begin{myquote}
\item{} a) Both organisms are brown.
\item{} b) Both organisms have a tail. 
\item{} c) Both organisms have ears.
\item{} d) Both organisms are nocturnal.
\end{myquote}


7. DNA analysis is usually done using DNA found in a cell\textquotesingle{}s mitochondria, and not in a cell\textquotesingle{}s nucleus. From your knowledge of mitosis, explain why this is so.


1. Arachbacteria
3.a) Chondrus crispus
b) C. cripus
4. B
5. G
6. B





\label{257}\section{Introduction}
\label{258}

{\bfseries Viruses} are the smallest biological particle (the tiniest are only 20 nm in diameter). However, they are not biological organisms so they are not classified in any kingdom of living things. They do not have any organelles and cannot respire or perform metabolic functions. Viruses are merely strands of DNA or RNA surrounded by a protective protein coat called a {\bfseries capsid}. Viruses only come to life when they have invaded a cell. Outside of a host cell, viruses are completely inert.

Since first being identified in 1935, viruses have been classified into more than 160 major groups. Viruses are classified based on their shape, replication properties, and the diseases that they cause. Furthermore, the shape of a virus is determined by the type and arrangement of proteins in its capsid. Viruses pathogenic to humans are currently classified into 21 groups. 

Viruses can also attack bacteria and infect bacterial cells. Such viruses are called {\bfseries bacteriophages}.
\section{Viral Replication}
\label{259}

As previously stated, viruses are not a biological life form so they cannot reproduce by themselves. They need to take over a functioning eukaryotic or prokaryotic cell to replicate its DNA or RNA and to make protein coat for new virus particles. 

In order to enter a cell, a virus must attach to a specific receptor site on the plasma membrane of the host cell. The proteins on the surface of the virus act as keys which fit exactly into a matching glycoprotein on the host cell membrane. In some viruses, the attachment protein is not on the surface of the virus but is in the capsid or in the envelope. 

There are two forms of viral replication: the {\bfseries lytic cycle} and the {\bfseries lysogenic cycle}. 
\subsection{Lytic Cycle}
\label{260}

\begin{myenumerate}
\item{}  Attachment: The virus binds to specific receptors on the host cell.
\item{}  Entry: There are two ways in which a virus can enter cells. Firstly, the virus can inject its nucleic acid into the host cell. Secondly, if a virus is contained in an envelope, the host cell can phagocytosise the entire virus particle into a vacuole. When the virus breaks out of the vacuole, it then releases its nucleic acid into the cell.
\item{}  Replication: The virus\textquotesingle{}s nucleic acid instructs the host cell to replicate the virus\textquotesingle{}s DNA or RNA.
\item{}  Assembly: New virus particles are assembled.
\item{}  Lysis and Release: The virus directs the production of an enzyme which damages the host cell wall, causing the host cell to swell and burst. The newly formed virus particles are now released.
\end{myenumerate}

\subsection{Lysogenic Cycle}
\label{261}

\begin{myenumerate}
\item{}  Attachment: Similar to Lytic Cycle
\item{}  Entry: Similar to Lytic Cycle
\item{}  Incorporation: The viral nucleic acids is not replicated, but instead integrated by genetic combination (crossing over) into the host cell\textquotesingle{}s chromosome. When integrated in a host cell this way, the viral nucleic acid as part of the host cell\textquotesingle{}s chromosome is known as a {\bfseries prophage}.
\item{}  Host Cell Reproduction: The host cell reproduces normally. Subsequent cell divisions, daughter cells, contain original father cell\textquotesingle{}s chromosome embedded with a prophage.
\item{}  Cycle Induction: Certain factors now determine whether the daughter cell undergoes the lytic or lysogenic cycle. At any time, a cell undergoing the lysogenic cycle can switch to the lytic cycle.  
\end{myenumerate}


The reproduction cycle of viruses with RNA and no DNA is slightly different. A notable example of a RNA-{}based virus is HIV, a retrovirus. 
\subsubsection{Retrovirus reproductive cycle}
\label{262}

\begin{myenumerate}
\item{}  The retrovirus force RNA into cell, by either one of the two methods of entry (See above).
\item{}  In the retrovirus are reverse transcriptase enzymes, which catalyses the synthesis of a DNA strand complementary to the viral RNA. 
\item{}  Reverse transcriptase catalyses a second DNA strand complementary to the first. With these two strands, the double-{}stranded DNA can be created. 
\item{}  DNA is then incorporated into the host cell\textquotesingle{}s chromosomes. Similar to the concept of a prophage, this incorporated DNA is called a {\bfseries provirus}. However, the provirus never leaves the host cell, unlike a prophage. 
\item{}  The infected host cell undergoes the lytic or lysogenic cycle.
\end{myenumerate}

\section{Viral Genome}
\label{263}

The genome of a virus consists of DNA or RNA, whose size and configuration vary. The entire genome can exist as a single nucleic acid molecule or several nucleic acid segments. Also, the DNA or RNA may be single-{}stranded or double-{}stranded, and either linear or circular.

Not all viruses can reproduce in a host cell by themselves. Since viruses are so small, the size of their genome is limiting. For example, some viruses have coded instructions for only making a few different proteins for the viruses\textquotesingle{} capsid. On the other hand, the human genome codes for over 30,000 different proteins. Therefore, the lack of coded instructions cause some viruses to need the presence of other viruses to help them reproduce themselves. Such viruses are called {\bfseries replication defective}.

Lastly, it is worthy to note that 70\% of all viruses are RNA viruses. As the process of RNA replication (with enzymes and other organelles of the host cell) is more prone to errors, RNA viruses have much higher mutation rates than do DNA viruses.
\section{Viruses Practice Questions}
\label{264}

\begin{myenumerate}
\item{}  As the name implies, the Tomato Spotted Wilt Virus targets tomatoes. Would it be possible for this virus to target other fruits as well? Explain.
\item{}  If a DNA and a RNA virus both infected somatic cells, which virus would be more difficult to detect?
\item{}  Many people have had cold sores, which are caused by infection with the herpes simplex virus. One characteristic of cold sores is that after a period of inactivity, they will reappear many times during the course of a person\textquotesingle{}s life. Which cycle would the herpes simplex virus undergo?
\item{}  Chicken pox is a common, non-{}fatal disease usually acquired in adolescence and caused by the varicella zoster virus. In adulthood, many people suffer from shingles, an altered form of the varicella zoster virus. Which cycle would the varicella zoster virus have undergone?
\item{}  Would an antibiotic work for a person suffering from a cold of flu? Explain.
\end{myenumerate}


\myhref{http://en.wikibooks.org/wiki/\%2FAnswers}{Answers to Viruses Practice Questions}
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\label{265}
For Eubacteria, please visit \myhref{http://en.wikibooks.org/wiki/General\%20Biology\%2FClassification\%20of\%20Living\%20Things\%2FEubacteria}{General Biology/Classification of Living Things/Eubacteria}.
\section{Archaea}
\label{266}
\begin{myitemize}
\item{}     Proposed as separate group from (eu)bacteria by Carl Woese
\begin{myitemize}
\item{}     based on structure and metabolic pathways
\item{}     inhabit extreme environments
\item{}     unique branched lipids in membrane
\end{myitemize}

\item{}     Share traits with both eukaryotes and eubacteria, e.g., RNA polymerase, introns
\item{}     Biochemically diverse
\item{}     Economically important
\begin{myitemize}
\item{}     Taq polymerase used in PCR
\end{myitemize}

\end{myitemize}
\subsection{Types}
\label{267}
\begin{myitemize}
\item{}     Methanogens
\item{}     Halophiles
\item{}     Thermophiles
\end{myitemize}


\subsubsection{Underground bacteria}
\label{268}
\begin{myitemize}
\item{}     Metabolism
\begin{myitemize}
\item{}     built around inorganic energy sources
\end{myitemize}

\item{}     e.g., basalt reacts with H\textsubscript{2}O to release hydrogen which is catalytically combined with CO\textsubscript{2} to form carbohydrate (akin to photosynthesis)
\item{}     may result in deposit of minerals
\item{}     Unresolved problems
\begin{myitemize}
\item{}     Did bacteria move downward from surface or did they first evolve there, protected from harsh surface conditions?
\item{}     Could bacteria be ejected into space in rocks?
\end{myitemize}

\end{myitemize}

\section{Prokaryote evolution}
\label{269}
\begin{myitemize}
\item{}     Tentative, subject to change
\item{}     Derived largely from molecular systematics (rRNA sequences)
\item{}     Note: most bacteria canâ��t be cultured, thus hard to study! (Studied by PCR of water/soil samples)
\end{myitemize}
\section{Domains of life: characteristics}
\label{270}

{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}
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\label{271}\section{Introduction}
\label{272}

Out of the six kingdoms, Protista is the most diverse. This is the kingdom of organisms with strange, atypical characteristics. In essence, this kingdom is designated for organisms which do not belong in any other kingdom. The majority of protists are microscopic.
\section{Classification of Protists}
\label{273}

There are three phyla of protists, based on their type of nutrition.

1. {\bfseries Protozoa} (animal-{}like protists) are heterotrophs that ingest or absorb their food.

2. {\bfseries Algae} (plant-{}like protists) are autotrophs they get nutrition from photosythesis.

3. {\bfseries Slime moulds} and {\bfseries water moulds} (fungus-{}like protists) are also heterotrophs, like protozoa.
\section{Protozoa}
\label{274}

As heterotrophs, protozoa scavenge materials from their surroundings. Others are predators which actively hunt or ambush small organisms such as bacteria and other protozoa for a source of nutrition. Protozoa can be parasitic as well; they may live inside larger organisms, like humans. Most protozoa live as single cells, although a few form colonies.

Protozoa are generally difficult to identify due to their varied shape. They may appear as jelly-{}like blobs, spherical sunbursts, or a flattened leaf.  Tiny blood parasites may be only 2 Î¼m long. On the other hand, shell-{}covered marine may be 5 cm or more in diameter. 

Furthermore, different protozoans have their own complex life cycles. The complexity has led certain organisms to be mistakenly classified for other species. 

Nevertheless, protozoa can move, and so, they are classified based on their methods of locomotion.

\uline{Characteristics of Protozoa :}

\begin{myitemize}
\item{} About 30,000 species known
\end{myitemize}


\begin{myitemize}
\item{} About 10,000 species are pathogenic, including some of the worst human diseases
\end{myitemize}


\begin{myitemize}
\item{} heterotrophic
\end{myitemize}


\begin{myitemize}
\item{} highly variable in form and life cycle
\end{myitemize}


\begin{myitemize}
\item{} mostly unicellular
\end{myitemize}


\begin{myitemize}
\item{} range in size from 0.005 mm to 50 mm
\end{myitemize}


\begin{myitemize}
\item{} lack cell walls
\end{myitemize}


they love environment and each other..............
\section{Algae}
\label{275}

Algae are much simpler than protozoa. They are aquatic and contain chlorophyll. Algae can exist as a single cell or as giant seaweeds 60 m in length. Formerly, algae were classified as plants but this was incorrect as algae lack parts of true plants: leaves, stems, roots, xylem, and phloem. Since algae belong in the kingdom Protista, algae is a broad term used to denote all aquatic eukaryotes which photosynthesise; algae can differ in size and shape as well.

There are six phyla of algae:{\bfseries  chlorophytes (green algae)}, {\bfseries phaeophytes (brown algae)}, {\bfseries rhodophytes (red algae)}, {\bfseries chrysophytes (diatoms)}, {\bfseries pyrrophytes (dinoflagellates)}, and {\bfseries euglenophytes (euglenoids)}. 
\subsection{Chlorophytes}
\label{276}

Chlorophytes resemble plants the most. Like plants, their cell walls contain cellulose and they store food in reserve as starch. Chlorophytes can be unicellular or multicellular. Most chlorophytes use flagellae for some locomotion.
\subsection{Phaeophytes}
\label{277}

Phaeophytes are nearly all multicellular marine organisms, which are known to us as seaweeds. They have cell walls composed of cellulose and alginic acid (a substance similar to pectin). The cellulose and alignic acid help to retain water and prevent seawood from drying out when exposed to air at low tide. 

Since phaeophytes live in a tidal environment, they have large, flat fronds (a large leaf) which can withstand pounding by waves. Their bases strongly anchor the algae to the rocky seabed and prevent them from being washed out to sea. Phaeophytes are usually found in areas of cold water. 
\subsection{Rhodophytes}
\label{278}

Rhodophytes are typically found in warmer seawater, and are more delicate and smaller than brown algae (phaeophytes). Rhodophytes are also able to grow at deeper depths in the ocean, since red algae absorb green, violet, and blue light, the wavelengths of which penetrate the deepest below the water surface. They also have mucilaginous material to resist drying. 
\subsection{Chryosophytes}
\label{279}

Chryosophytes are the most abundant unicellular algae in the oceans. They are also one of the biggest components of plankton, a free-{}floating collection of microorganisms, eggs, and larvae. As photosynthetic organisms, they produce a significant amount of atmospheric oxygen.

The reproduction cycle of chryosophytes is particularly interesting. Note that diatoms reproduce both asexually and sexually. Since diatoms have a rigid cell wall with an outer layer of silica (found in sand and glass), the daughter cells produced by mitosis must fit inside the original cell wall. Therefore, each generation of diatoms is smaller than the one before. The reduction in size continues until the diatoms produce sexually, producing a zygote which eventually grows to the original size as it matures.
\subsection{Pyrrophytes}
\label{280}

Pyrrophytes are unicellular, photosynthetic, and mostly aquatic. They have protective coats composed of stiff cellulose. They are more easily identifiable, due to the presence of two flagellae. The longer flagellae propels the dinoflagellate, while the second shorter, flatter flagellae functions as a rudder.

Some species of pyrrophytes are {\bfseries zooxanthellae}. Since they lack cellulose plates, they make their home in coral reefs and animals, such as sea anemones, and molluscs. In returning the favour of sheltering them, dinoflagellates provide carbohydrates to their host through photosynthesis. This is why there are nutrient-{}rich coral reefs in malnutritions water.

A negative aspect of pyrrophytes is that under certain conditions, species of dinoflagellates reproduce rapidly to form a {\bfseries harmful algal bloom (HAB)}, known as a red tide if dinoflagellates are the cause. Such pyrrophytes can produce toxins which may injure or kill wildlife, and additionally any consumers of contaminated wildlife.
\subsection{Euglenophytes}
\label{281}

Like pyrrophytes, euglenophytes are small unicellular freshwater organisms with two flagella. They are mainly autotrophic or heterotrophic, depending if they have a red, light-{}sensitive structure called an {\bfseries eyespot}.
\section{Slime molds \& Water molds}
\label{282}

There are two phyla of slime moulds and one phylum of water moulds.
\subsection{Oomycotes (Water moulds)}
\label{283}

Oomycotes are filamentous organisms which resemble fungi, in that they live as saprotrophs.  Oomycotes differ from other moulds with the presence of spores and their sexual life cycle.
\subsection{Myxomycotes (Plasmodial slime moulds)}
\label{284}

Myxomycoties are visible to the naked eye as tiny slug-{}like organisms which creep over decayed and dead matter. This streaming blob containing many nuclei is called a {\bfseries plasmodium}. 
\subsection{Acrasiomycotes (Cellular slime moulds) and its reproductive cycle}
\label{285}

Acrasiomycotes exist as individual amoeboid cells with one nucleus each. When in unfavourable conditions, each acrasiomycete cell gathers together to form a {\bfseries pseudoplasmodium}.
\subsubsection{Reproductive Cycle:}
\label{286}

1. One acrasiomycete cell joins with others to form a pseudoplasmodium.

2. The pseudoplasmodium shrinks and forms a smaller plasmodium. 

3. The plasmodium migrates to a suitable environment.

4. The plasmodium develops a sporangia, where original parental nuclei has divided by meiosis into haploid spores to be germinated. 

5. When favourable conditions arise, the spores germinate and are carried away by animals or the wind.

6. Cycle repeats.
\section{Protists Practice Questions}
\label{287}

1. Which of the following adjectives describe the major food source of protozoa?

\begin{myquote}
\item{} a) chemoautotrophic
\item{} b) photoheterotrophic
\item{} c) chemoheterotrophic
\item{} d) heterotrophic
\item{} e) A, C, D
\item{} f) C, D
\end{myquote}



2. The protozoan {\itshape Giardia lamblia} can inhabit a human body\textquotesingle{}s intestinal tract and cause gastroenteritis.

a) Give the abbreviated binomial name of this protozoan.

b) Would the relationship between this protozoan and human being be mutualistic, commensalistic, or parasitic?

3. Found in many products, such as Petri dishes, agar is made from mucilagnious material in seaweed. Of the six phyla of algae, which phyllum/phyla would agar be made from?

4. Which of the following adjectives describe the major food source of Euglenophytes without an eyespot?

\begin{myquote}
\item{} a) photoautotrophic
\item{} b) photoheterotrophic
\item{} c) chemoautotrophic
\item{} d) chemoheterotrophic
\item{} e) B or C
\item{} f) C or D
\end{myquote}


5. Can coral reefs exist in nutrient-{}poor areas? Explain.
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\label{288}
\LaTeXNullTemplate{}\chapter{Multicellular Photosynthetic Autotrophs}

\myminitoc
\label{289}\section{Plants}
\label{290}
\begin{myitemize}
\item{}  Multicellular 
\item{}  Cellulose cell walls 
\item{}  Chlorophylls a and b
\item{}  Develop from embryophyte 
\item{}  Alternation of generations 
\item{}  Major food source for terrestrial life 
\item{}  Atmospheric O2 and CO2 balance 
\item{}  Coal deposits 
\item{}  Intimate association with mycorrhizal fungi
\item{}  >{}250,000 species (\~{}500,000?) 
\item{}  Taxonomy 
\begin{myitemize}
\item{}  State of flux 
\end{myitemize}

\item{}  DNA sequencing 
\item{}  Developmental studies 
\begin{myitemize}
\item{}  Division (old literature) = phylum (new literature) 
\item{}  \~{}12 phyla, 9 of which are vascular plants
\end{myitemize}

\end{myitemize}

\section{Plant phyla}
\label{291}
Phyla are 12 groupings
\section{Plant evolution}
\label{292} 
\begin{myitemize}
\item{}  Evolved from green algae, likely related to charophytes 
\item{}  Evidence 
\begin{myitemize}
\item{}  DNA sequences 
\item{}  homologous chloroplasts: chlorophyll b and beta-{}carotene; thylakoids in grana; 
\item{}  Cellulose in both groups; also peroxisomes 
\item{}  Mitosis and cytokinesis similar 
\item{}  Sperm ultrastructure
\end{myitemize}

\end{myitemize}
\subsection{Terrestrial adaptations}
\label{293} 
\begin{myitemize}
\item{}  Stomata: pores in leaves for exchange of gases; prevent desiccation 
\item{}  Secondary metabolites: 
\begin{myitemize}
\item{}  cuticle: waxy coating to prevent H2O loss 
\item{}  lignin:  hardens wood 
\item{}  sporopollenin: resistant polymer; coats pollen 
\item{}  predator defenses 
\end{myitemize}

\item{}  Embryonic development 
\begin{myitemize}
\item{}  gametangia in early plants 
\item{}  spores; seeds 
\end{myitemize}

\item{}  Mycorrhizae 
\item{}  Water/food conducting systems
\end{myitemize}

\section{Plant phylogeny}
\label{294}\section{Plant life cycles}
\label{295} 
\begin{myitemize}
\item{}  Alternation of generations 
\item{}  Sporophyte 
\begin{myitemize}
\item{}  diploid 
\item{}  produces spores in sporangia 
\end{myitemize}

\item{}  Gametophyte 
\begin{myitemize}
\item{}  develops from spore 
\item{}  haploid 
\item{}  produces gametes in gametangia 
\end{myitemize}

\item{}  Haplodiplontic life cycle 
\end{myitemize}

\section{Moss life cycle}
\label{296}\section{Vascular plants}
\label{297} 
\begin{myitemize}
\item{}  Most have roots 
\item{}  Aerial shoot systems 
\item{}  Vascular tissue 
\begin{myitemize}
\item{}  xylem: water, mineral transport 
\item{}  phloem: food transport 
\end{myitemize}

\item{}  Lignin 
\item{}  Branched sporophyte is dominant stage 
\begin{myitemize}
\item{}  amplified production of spores 
\item{}  evolution of complex plant bodies 
\end{myitemize}

\item{}  Dominated Carboniferous (360 my)
\end{myitemize}

\section{Vascular plant life cycles}
\label{298} 
\begin{myitemize}
\item{}  Homosporous (single type of spore)
\item{}  Heterosporous (two types of spore) 
\end{myitemize}
\section{Pterophyta (ferns)}
\label{299} 
\begin{myitemize}
\item{}  Non-{}seed plant 
\item{}  Sporophyte conspicuous (vascular tissue) 
\item{}  Rhizome: ground stem, roots 
\item{}  Fronds: leaves 
\item{}  Sori: clusters of sporangia 
\item{}  Motile sperm require external water for fertilization 
\item{}  Originated in Devonian, 350 my 
\end{myitemize}

Tree fern  
Fern life cycle \section{Non-{}seed plants, continued}
\label{300} 
\begin{myitemize}
\item{}  Lycophyta: club mosses 
\begin{myitemize}
\item{}  E.g., Lycopodium (â��ground pineâ��) 
\item{}  Many species became extinct 270 my, once dominant (coal formations) 
\item{}  Gametophyte non-{}photosynthetic, nourished by fungi 
\end{myitemize}

\item{}  Arthrophyta: horsetails 
\begin{myitemize}
\item{}  Equisitum 
\item{}  Some fossil forms (300 my) were tree-{}size (coal) 
\item{}  Photosynthetic stems, no leaves 
\item{}  Silica deposits in epidermal cells
\end{myitemize}

\end{myitemize}

\section{Seed plants}
\label{301} 
\begin{myitemize}
\item{}  1st appeared in Devonian, 360 my 
\item{}  Seed develops from ovule, protects embryo 
\begin{myitemize}
\item{}  withstands drought 
\item{}  dispersal is enhanced 
\item{}  no immediate need for water for germination 
\end{myitemize}

\item{}  Heterosporous 
\begin{myitemize}
\item{}  male gametophyte: arise from microspores 
\item{}  female gametophyte: arise from megaspores in ovule in ovary 
\end{myitemize}

\item{}  Two groups 
\begin{myitemize}
\item{}  gymnosperms 
\item{}  angiosperms
\end{myitemize}

\end{myitemize}
\\
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\section{Sporophyte/gametophyte}
\label{302}\section{Megasporangium (nucellus)}
\label{303} 
\begin{myitemize}
\item{}  Key to seed development 
\item{}  Nucellus: solid, fleshy, surrounded by integuments derived from sporophyte (seed coat) 
\item{}  Entire structure called ovule 
\item{}  Flower may have many ovules
\end{myitemize}
\section{Pollen}
\label{304} 
\begin{myitemize}
\item{}  Develop from microspores, become male gametophyte 
\item{}  Protected by sporopellenin 
\item{}  In most plants, sperm lack flagella (loss) 
\item{}  Many mechanisms to transport pollen 
\begin{myitemize}
\item{}  wind 
\item{}  insects, birds,
\end{myitemize}

\end{myitemize}
\section{Gymnosperms}
\label{305} 
\begin{myitemize}
\item{}  â��naked seedâ�� 
\begin{myitemize}
\item{}  ovule not fully enclosed by sporophyte at time of pollination 
\end{myitemize}

\item{}  Conifers, cycads, gnetophytes, Ginkgo 
\item{}  Small, inconspicuous plants to giants like sequoia 
\item{}  Conifers: to carry cones  fv
\begin{myitemize}
\item{}  male cones, Female conesvv
\item{}  evergreen
\end{myitemize}

\end{myitemize}

\section{Pine life cycle}
\label{306} \section{Other Coniferophyta}
\label{307} 
\begin{myitemize}
\item{}  Cycadophyta: cycads 
\begin{myitemize}
\item{}  tropical, subtropical 
\item{}  flagellated sperm 
\end{myitemize}

\item{}  Gnetophyta 
\begin{myitemize}
\item{}  e.g., Ephedra, Mormon Tea 
\end{myitemize}

\item{}  Ginkgophyta: Ginkgo 
\begin{myitemize}
\item{}  only one surviving species 
\item{}  diocious (separate \% and \&trees)
\end{myitemize}

\end{myitemize}
\section{Other gymnosperms}
\label{308}\section{Angiosperms}
\label{309} 
\begin{myitemize}
\item{}  Flowering plants, Anthophyta 
\begin{myitemize}
\item{}  monocots-{} single seed leaf (grasses, lilies, etc.) 
\item{}  dicots-{} two seed leaves (roses, pulses, maples) 
\end{myitemize}

\item{}  More specialized xylem (water transport) 
\begin{myitemize}
\item{}  vessel elements 
\item{}  fiber cells 
\end{myitemize}

\item{}  Fossils date to 130 my 
\item{}  Animal (e.g., insect) coevolution
\end{myitemize}
\subsection{Monocots vs dicots}
\label{310}
\section{Earliest angiosperm}
\label{311} 
\begin{myitemize}
\item{}  What is earliest angiosperm? 
\item{}  Recent analysis of nucleotide and amino acid sequences suggests that Amborella, a tropical plant found only on the island of New Caledonia, is closest relative to flowering plants
\end{myitemize}
\section{Angiosperm flower}
\label{312}
Insert non-{}formatted text hereInsert non-{}formatted text here
\section{Angiosperm life cycle}
\label{313}

{\itshape This text is based on notes very generously donated by Paul Doerder, Ph.D., of the Cleveland State University.}





\label{314}\section{Introduction}
\label{315}

Although you may not recognise fungi, they are just as prevalent as plants and animals. Their spores are in the air which we breathe, fungi allow us to make bread, and mushrooms (a type of fungi) are eaten by us.
A few types of fungi are unicellular. For example, yeasts live as individual oval or cylindrical cells. However, the majority of fungi live are multicellular. Their bodies are composed of {\bfseries hyphae}, a network of fine filaments. In a mushroom, the hyphae are densely packed so it is difficult to see the individual structures when a mushroom is eaten. However, a mushroom is only a specialised reproductive part of the whole fungus. The main part of the fungi is underground in a whole web of hyphae, called a {\bfseries mycelium}. 

In the mycelium, each fungal cell is separated from each other by a septum. Each fungal cell may have one or more nuclei and remains connected to the mycelium because the septa are porous, allowing cytoplasm to flow through the hyphae and fungal cell walls, made of a hard material called {\bfseries chitin}. Some fungi do not have septa, and they appear to be large, branching, multinucleate cells.
\section{Nutrition}
\label{316}

Fungi are {\bfseries saprophytes}. When they find a source of food (e.g. dead wood, orange peel) , they decompose it and digest it. The enzymes break down larger organic molecules in the substrate into smaller molecules. These smaller molecules diffuse into the fungus, where they are used to allow growth and repair. 

Fungi which feed on living cells are parasitic. For example, athlete\textquotesingle{}s foot grows on the human foot.  These kinds of fungi produce hyphae called {\bfseries haustoria}, which can penetrate host cells without immediately killing them. 

However, they are friendlier species of fungi. Many fungi live symbiotically with plants or animals. For example, most trees have fungi living in close contact with their roots. In this relationship, known as a {\bfseries mycorrhiza}, there are many benefits:

\begin{myitemize}
\item{} Growing around the plant roots and often entering plant cells, the hyphae absorb minerals from the soil and release them in the roots. The fungi gets its source of food (organic nutrients) while delivering food to the plant.
\end{myitemize}


\begin{myitemize}
\item{} The mycelium here would increase the surface area, thus the absorptive surface, of the plant roots.
\end{myitemize}


\begin{myitemize}
\item{} The fungal cells help to maintain air and water flow in the soil around the roots. 
\end{myitemize}


\begin{myitemize}
\item{} The fungi may prevent other potentially pathogenic fungi to attack the tree.
\end{myitemize}

\section{Fungal Reproduction}
\label{317}

Fungi can reproduce in two ways. Firstly, they make asexually produce through {\bfseries fragmentation}. This occurs when pieces of hyphae are broken off, which then grow into new mycelia.

The second method is by spores. Spores are lightweight structures and windblown designed to be transported over long distances and by many mediums, such as on the bodies of insects and birds. They are additionally light enough to be blown away for hundreds of kilometers. Spores may be asexual and sexual. Their sexual properties can be analysed to classify the four phylla of fungi.
\section{Types of Fungi}
\label{318}
\subsection{Zygospore Fungi (Zygomycetes)}
\label{319}

This phyllum includes bread moulds and other saprotrophs. Comparable to bacteria, this phyllum prefers asexual reproduction over sexual reproduction.

1. Two haploid hyphae of opposite types, also known as {\bfseries mating strain +} and {\bfseries mating strain -{}}, combine and fuse together.

2. {\bfseries Plasmogamy}, the union of the two parent hyphae, occurs and results in the creation of a heterokaryotic (n + n) {\bfseries zygosporangium or zygospore}. Note that the zygospore is NOT diploid yet; the haploid nuclei are simply clumped together.

3. Immediately, a thick wall develops around the zygospore to protect it from drying and other hazards. The zygospore becomes dormant.

4. When conditions are favourable, the zygospore absorbs water and undergoes {\bfseries karyogamy} (n + n = 2n), where the haploid nuclei contributed by the two parents fuse to produce diploid zygosporangia. 

5. The now diploid zygosporangium then undergoes meiosis to form haploid sporangia.

6. Through asexual reproduction of fungi (See above for more information), the spores from the sporangia germinate and grow into new mycelia.

7. Back to step \#1.
\subsection{Club Fungi (Basidiomycetes)}
\label{320}

This phyllum increases mushrooms and shelf fungi. In many ways, the reproduction stages of this phyllum is similar to that of zygomycetes. 

1. Two haploid hyphae of opposite types, also known as {\bfseries mating strain +} and {\bfseries mating strain -{}}, combine and fuse together.

2. Plasmogamy takes place, and a dikaryotic mycelium forms. The dikaryotic mycelium grows faster then the haploid parental mycelia.

3. Environmental factors cause the dikaryotic mycelium to form compact masses which develop into {\bfseries basidiocarps}, short-{}lived reproductive structures. An example is the mushroom. 

4. The basidiocarp gills are lined with terminal dikaryotic cells called {\bfseries basidia}, which then undergo karyogamy. 

5. The basidia are now diploid. They undergo meiosis to develop haploid {\bfseries basidiospores}, a term referring to a basidiomycete\textquotesingle{}s spores. 

6. Still remaining on the basidiocarp, the haploid basidiospores eject, fall from the basidiocarp, and are dispersed by the wind when mature.

7. In a favourable environment, the basidiospores germinate and grow into short-{}lived haploid mycelia.

8. Back to Step \#1.
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\section{Key Terms}
\label{322}

synapomorphy

\section{Introduction}
\label{323}

What makes an animal an animal?  

If animals are a monophyletic taxon, then animals should be able to be defined by synapomorphies, (shared, derived characteristics). Ideally, we would NOT define this or any taxon using symplesiomorphies (shared ancestral or primitive characteristics) or homoplastic characters (the independent evolution of similarity, or \symbol{34}convergent evolution\symbol{34}). See pages 654 -{} 656 and Fig. 32.6 in your text to review these concepts. As you consider the characteristics listed below, ask yourself whether or not each is a synapomorphy.

\section{Characteristics of an Animal}
\label{324}


\begin{myitemize}
\item{}  There is no one universally accepted definition of an animal. The following treatment follows your text, beginning on page 876.
\begin{myitemize}
\item{}  Animals:
\begin{myitemize}
\item{}  Are multicellular, heterotrophic eukaryotes {\mbox{$\ldots$}}
\item{}  Lack the distinctive cell walls of plants \& fungi
\item{}  Share unique characteristics {\mbox{$\ldots$}}
\item{}  Share certain reproductive characteristics {\mbox{$\ldots$}}
\item{}  Other commonly used definitions {\mbox{$\ldots$}}
\end{myitemize}

\end{myitemize}

\end{myitemize}


Animals are multicellular heterotrophic eukaryotes 
\begin{myitemize}
\item{}  Unfortunately, none of these traits is exclusive to animals: 
\begin{myitemize}
\item{}  Plants, fungi, and some algae are multicellular.
\item{}  Many bacteria, protists, and all fungi are heterotrophic. 
\item{}  Everything other than bacteria and archaea are eukaryotic.
\end{myitemize}

\item{}  Moreover, all three of these characteristics also apply to fungi. 
\begin{myitemize}
\item{}  However, there is a difference here between animals and fungi. Animals generally take in their food through ingestion, or eating and swallowing something. Fungi are absorptive heterotrophs; they secrete their digestive enzymes onto their food, and then absorb the resulting nutrients.
\end{myitemize}

\end{myitemize}


Animals share unique characteristics
\begin{myitemize}
\item{}  Only animals have muscle tissue and nervous tissue.
\item{}  Only animals have collagen, a structural protein
\item{}  Only animals have the following types of intercellular junctions: (See pages 135 -{} 139, Figure 7.15 in your text for more information on these junctions.)
\begin{myitemize}
\item{}  Tight junctions (sealing function)
\item{}  Desmosomes (anchoring function)
\item{}  Gap junctions (communication function)
\end{myitemize}

\end{myitemize}


Animals share certain reproductive characteristics  
\begin{myitemize}
\item{}  Most animals reproduce sexually, with the diploid stage dominating.
\item{}  In most animals, a small, haploid, flagellated, motile sperm fertilizes a larger, haploid, nonmotile egg to form a diploid zygote.
\item{}  Mitotic division of the zygote yields a blastula stage, followed by a gastrula stage. A synapomorphy? This feature could be another \symbol{34}unique characteristic\symbol{34} shared by animals.
\item{}  Development may be direct to adult form, or there may be a sexually immature stage (or stages) that are morphologically \& ecologically distinct from the adult called a larva (plural: larvae).
\end{myitemize}


Other commonly used definitions or characterizations
\begin{myitemize}
\item{}  It is surprisingly difficult to find two texts that agree on a precise definition of an animal. Here are a few perspectives from some other texts.
\begin{myitemize}
\item{}  Animals are multicellular eukaryotes; they are chemosynthetic heterotrophs that ingest their food.
\item{}  Animals are motile, though many are secondarily sessile. Gametes usually are produced in multicellular sex organs, and the zygote passes through embryonic stages that include a blastula.
\item{}  Animals are organisms that are multicellular, with more than one type of cell. They are heterotrophic. They reproduce sexually (at least sometimes), with a zygote formed from two different haploid gametes. They go through a developmental stage called a blastula.
\item{}  Animals are not photosynthetic, have no cell wall, and no hyphae or mycelia. (What would a cladist think of this definition of the taxon Animalia?)
\end{myitemize}

\end{myitemize}


What kinds of animals are there?  
\begin{myitemize}
\item{}  Kingdom Animalia generally is recognized to have approximately 30 phyla ...
\begin{myitemize}
\item{}  There is relatively little dispute over the number of phyla recognized; however, the phylogenetic relationships among the phyla are hotly debated.
\item{}  Molecular techniques for assess similarity based on nucleotide sequences in nucleic acids are providing valuable new perspectives on this question.
\end{myitemize}

\item{}  Remember that two animals in different phyla generally are considered to be more different from each other than are animals within one phylum (e.g., nematodes are more different from annelids than humans are from sharks).
\end{myitemize}


{\itshape This text is based on notes very generously donated by \myhref{http://bgesweb.artscipub.csuohio.edu/faculty/gibson.htm}{ Ralph Gibson, Ph.D.} of the \myhref{http://www.csuohio.edu}{ Cleveland State University}.}
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There currently are almost 40 recognized phyla.       


Phylum {\mbox{$\text{---}$}} Number of Species {\mbox{$\text{---}$}} Common Name
\begin{myitemize}
\item{}  \myhref{http://en.wikibooks.org/wiki/Placozoa}{Placozoa} {\mbox{$\text{---}$}} 1
\item{}  \myhref{http://en.wikibooks.org/wiki/Monoblastozoa}{Monoblastozoa} {\mbox{$\text{---}$}} 1
\item{}  \myhref{http://en.wikibooks.org/wiki/Rhombozoa}{Rhombozoa} {\mbox{$\text{---}$}} 50
\item{}  \myhref{http://en.wikibooks.org/wiki/Orthonectida}{Orthonectida} {\mbox{$\text{---}$}} 50 
\item{}  {\bfseries {\itshape \myhref{http://en.wikibooks.org/wiki/Porifera}{Porifera}}}{\itshape } {\mbox{$\text{---}$}} 9,000 {\mbox{$\text{---}$}} sponges (figures)
\item{}  {\bfseries {\itshape \myhref{http://en.wikibooks.org/wiki/Cnidaria}{Cnidaria}}}{\itshape } {\mbox{$\text{---}$}} 9,000 {\mbox{$\text{---}$}} corals (figures)
\item{}  \myhref{http://en.wikibooks.org/wiki/Ctenophora}{Ctenophora} {\mbox{$\text{---}$}} 100 {\mbox{$\text{---}$}} comb jellies
\item{}  {\bfseries {\itshape \myhref{http://en.wikibooks.org/wiki/Platyhelminthes}{Platyhelminthes}}}{\itshape } {\mbox{$\text{---}$}} 20,000 {\mbox{$\text{---}$}} flatworms (figures)
\item{}  \myhref{http://en.wikibooks.org/wiki/Nemertea}{Nemertea} {\mbox{$\text{---}$}} 900 {\mbox{$\text{---}$}} ribbon worms (figures)
\item{}  {\bfseries {\itshape \myhref{http://en.wikibooks.org/wiki/Rotifera}{Rotifera}}}{\itshape } {\mbox{$\text{---}$}} 1,800 {\mbox{$\text{---}$}} rotifers (figures)
\item{}  \myhref{http://en.wikibooks.org/wiki/Gastrotricha}{Gastrotricha} {\mbox{$\text{---}$}} 450 {\mbox{$\text{---}$}} gastrotrichs
\item{}  Kinorhyncha {\mbox{$\text{---}$}} 150 {\mbox{$\text{---}$}} kinorhynchids
\item{}  {\bfseries {\itshape Nematoda}}{\itshape } {\mbox{$\text{---}$}} 12,000 {\mbox{$\text{---}$}} roundworms (figures)
\item{}  Nematomorpha {\mbox{$\text{---}$}} 230 {\mbox{$\text{---}$}} horsehair worms
\item{}  Priapula {\mbox{$\text{---}$}} 15 
\item{}  Acanthocephala {\mbox{$\text{---}$}} 700 {\mbox{$\text{---}$}} (figures)
\item{}  Entoprocta {\mbox{$\text{---}$}} 150
\item{}  Gnathostomulida {\mbox{$\text{---}$}} 80 
\item{}  Loricifera {\mbox{$\text{---}$}} 35
\item{}  {\bfseries {\itshape Annelida}}{\itshape } {\mbox{$\text{---}$}} 15,000 {\mbox{$\text{---}$}} segmented worms (figures)
\item{}  Sipuncula {\mbox{$\text{---}$}} 250 {\mbox{$\text{---}$}} peanut worms (figures)
\item{}  Echiura {\mbox{$\text{---}$}} 135 
\item{}  Pogonophora {\mbox{$\text{---}$}} 145 {\mbox{$\text{---}$}} beard worms
\item{}  Vestimentifera {\mbox{$\text{---}$}} 8 {\mbox{$\text{---}$}} beard worms
\item{}  {\bfseries {\itshape Arthropoda}}{\itshape } {\mbox{$\text{---}$}} 957,000 {\mbox{$\text{---}$}} arthropods (figures)
\item{}  Onychophora {\mbox{$\text{---}$}} 80
\item{}  Tardigrada {\mbox{$\text{---}$}} 400 {\mbox{$\text{---}$}} water bears
\item{}  Pentastomida {\mbox{$\text{---}$}} 95 {\mbox{$\text{---}$}} tongue worms
\item{}  {\bfseries {\itshape Mollusca}}{\itshape } {\mbox{$\text{---}$}} 100,000 {\mbox{$\text{---}$}} molluscs (figures)
\item{}  Phoronida {\mbox{$\text{---}$}} 15
\item{}  Ectoprocta {\mbox{$\text{---}$}} 4,500 {\mbox{$\text{---}$}} sessile zooids
\item{}  Brachiopoda {\mbox{$\text{---}$}} 335 {\mbox{$\text{---}$}} lampshells
\item{}  {\bfseries {\itshape Echinodermata}}{\itshape } {\mbox{$\text{---}$}} 7000 {\mbox{$\text{---}$}} echinoderms (figures)
\item{}  Chaetognatha {\mbox{$\text{---}$}} 100 {\mbox{$\text{---}$}} arrow worms (figures)
\item{}  Hemichordata {\mbox{$\text{---}$}} 85 {\mbox{$\text{---}$}} acorn worms
\item{}  {\bfseries {\itshape Chordata}}{\itshape } {\mbox{$\text{---}$}} 50,000 {\mbox{$\text{---}$}} chordates (figures)
\end{myitemize}

\section{Phylum Porifera}
\label{327}


\begin{minipage}{1.0\linewidth}
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\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/6.jpg}
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\raggedright{}\myfigurewithcaption{6}{Sponges}
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Name means \symbol{34}pore-{}bearing\symbol{34}.

This phylum consists of the sponges. The number of species is estimated to be between 5,000 and 10,000. All are aquatic and almost all are marine.

Animals in this phyla have no true tissues, which means, for example, that they have no nervous system or sense organs. Although sponges are multicellular, they are described as being essentially at a cellular level of organization. They are sessile as adults, but have a free swimming larva.

Their bodies are porous. They are filter feeders; water flows in through many small openings, and out through fewer, large openings. They have inner and outer cell layers, and a variable middle layer. The middle layer often is gelatinous with spiny skeletal elements (called spicules) of silica or calcium carbonate, and fibres made of spongin (a form of collagen). Choanocytes are flagellated cells lining the inside of the body that generate a current, and trap and phagocytize food particles.

Their cells remain totipotent, or developmentally flexible: they can become any type of cell at any point in the sponge\textquotesingle{}s development. This allows for the great regenerative power sponges have.

Sponges are an ancient group, with fossils from the early Cambrian (ca. 540 mya) and possibly from the Precambrian. Sponges often are abundant in reef ecosystems. They somehow are protected from predators (spicules? bad taste?).

Many organisms are commensals of sponges, living inside them. Some sponges harbor endosymbiotic cyanobacteria or algae (dinoflagellates, a.k.a. \symbol{34}zooxanthellae\symbol{34}).
\section{Phylum Cnidaria}
\label{328}  
See text pages 886 -{} 889.

Name comes from the Greek knide-{} meaning \symbol{34}nettle\symbol{34}.

This phylum They have one opening, which serves as both mouth and anus. The body wall has an outer ectoderm, an inner endoderm, and a variable undifferentiated middle layer called mesoglea or mesenchyme that may be jelly-{}like. The mesoglea is {\bfseries NOT} considered to be true mesoderm and so the Cnidaria are described as diploblastic. Tentacles usually extend from the body wall around the mouth/anus.


\begin{minipage}{1.0\linewidth}
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There are two basic body plans: the \myhref{http://en.wikipedia.org/wiki/polyp}{polyp} and the \myhref{http://en.wikipedia.org/wiki/Medusa\%20\%28biology\%29}{medusa}. The polyp is sessile and attaches to substrate by the aboral end (i.e., the end away from the mouth). The medusa (\symbol{34}jellyfish\symbol{34}) is a floating form, and looks like an upside-{}down version of the polyp. Some cnidarians only have the polyp stage, some have only the medusa stage, and others have both.

The typical life cycle of a cnidarian involves what is called \symbol{34}alternation of generations\symbol{34}: an alternation between an asexual polyp stage and a sexual medusa stage.

The tentacles are armed with cnidae (or nematocysts), small intracellular \symbol{34}harpoons\symbol{34} that function in defense and prey capture. When fired, the cnidae deliver a powerful toxin that in some cases is dangerous to humans. The phylum is named after the cnidae.

Cnidarians have no head, no centralized nervous system, and no specialized organs for gas exchange, excretion, or circulation. They do have a \symbol{34}nerve net.\symbol{34}

Many cnidarians have intracellular algae living within them in a mutualistic symbiotic relationship (Dinoflagellates = zooxanthellae). This combination is responsible for much of the primary productivity of coral reefs.

There are three main classes in the phylum 

\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/Hydrozoa}{Class Hydrozoa} (hydras and Portugese man-{}of-{}war are well-{}known but atypical examples of this Class)
\item{}  \myhref{http://en.wikipedia.org/wiki/Scyphozoa}{Class Scyphozoa} (jellyfish)
\begin{myitemize}
\item{}  The medusa stage is dominant and the polyp stage often is reduced.
\end{myitemize}

\item{}  \myhref{http://en.wikipedia.org/wiki/Anthozoa}{Class Anthozoa} (sea anemones, most corals)
\begin{myitemize}
\item{}  No medusa (jellyfish) stage, so sexual reproduction occurs in the polyp stage in this group. The polyps also can reproduce asexually, which is how individual \symbol{34}corals\symbol{34} grow.
\end{myitemize}

\end{myitemize}

\section{Phylum Platyhelminthes}
\label{329}
See text pages 890 -{} 893.

Name means \symbol{34}flat worm\symbol{34}

Most members of this phylum are parasitic (flukes and tapeworms), but some are free living (e.g., planaria). There are about 20,000 species.

They are dorsoventrally compressed (i.e., \symbol{34}flat\symbol{34}).  

Animals in this phylum are acoelomate, triploblastic, bilaterally symmetrical, and unsegmented. Platyhelminths have a simple anterior \symbol{34}brain\symbol{34} and a simple ladder-{}like nervous system. Their gut has only one opening. Flatworms have NO circulatory or gas exchange systems. They do have simple excretory/osmoregulatory structures (protonephridia or \symbol{34}flame cells\symbol{34}).

Platyhelminths are hermaphroditic, and the parasitic species often have VERY complex reproductive (life) cycles.

There are four main classes of platyhelminths:

\begin{myitemize}
\item{}  \myhref{http://en.wikipedia.org/wiki/Turbellaria}{Class Turbellaria} (mostly free living flatworms, e.g., planaria)
\item{}  \myhref{http://en.wikipedia.org/wiki/Monogenea}{Class Monogenea} (parasitic flukes)
\item{}  \myhref{http://en.wikipedia.org/wiki/Trematoda}{Class Trematoda} (parasitic flukes, e.g., liver fluke and the human blood fluke, Schistosoma)
\item{}  \myhref{http://en.wikipedia.org/wiki/Cestoda}{Class Cestoda} (tapeworms)
\begin{myitemize}
\item{}  Cestodes are endoparasitic in the gut of vertebrates. They do not have a mouth or digestive system.
\end{myitemize}

\end{myitemize}

\section{Phylum Rotifera}
\label{330}  
See text page 900

The Rotifers. The name means \symbol{34}wheel bearing,\symbol{34} a reference to the corona, a feeding structure (see below).

They are triploblastic, bilaterally symmetrical, and unsegmented. They are considered pseudocoelomates.

Most less than 2 mm, some as large as 2 -{} 3 mm.

Rotifers have a three part body: head, trunk foot. The head has a ciliary organ called the corona that, when beating, looks like wheels turning, hence the name of the phylum. The corona is a feeding structure that surrounds the animal\textquotesingle{}s jaws. The gut is complete (i.e., mouth \& anus), and regionally specialized. They have protonephridia but no specialized circulatory or gas-{}exchange structures.

Most live in fresh water, a very few are marine or live in damp terrestrial habitats. They typically are very abundant. There are about 2,000 species.

Parthenogenesis, where females produce more females from unfertilized but diploid eggs, is common. Males may be absent (as in bdelloid rotifers) or reduced. When males are present, sexual and asexual life cycles alternate. Males develop from unfertilized haploid eggs and are haploid. Males produce sperm by mitosis which can fertilize haploid eggs, yielding a diploid zygote that develops into a diploid female. Sexual reproduction occurs primarily when living conditions are unfavorable.

Most structures in rotifers are syncytial (\symbol{34}a mulitnucleate mass of protoplasm not divided into separate cells,\symbol{34} or \symbol{34}a multinucleated cell\symbol{34}) and show eutely (here, \symbol{34}constant or near-{}constant number of nuclei\symbol{34}).
\section{Phylum Nematoda}
\label{331} 
See text pages 894 -{} 895.

Name from the Greek for \symbol{34}thread\symbol{34}.

This phylum consists of the round worms. There are about 12,000 named species but the true number probably is 10 -{} 100 times this!

These animals are triploblastic, bilaterally symmetrical, unsegmented pseudocoelomates. They are vermiform, or wormlike.

In cross-{}section, they are round, and covered by a layered cuticle (remember this cuticle !!). Probably due to this cuticle, juveniles in this phylum grow by molting. The gut is complete. They have a unique excretory system but they lack special circulatory or gas-{}exchange structures. The body has only longitudinal muscle fibers. The sexes are separate.

Nematodes can be incredibly common, widespread, and of great medical and economic importance. They are parasites of humans and our crops. They can live pretty much anywhere.
\begin{myquote}
\item{}  In one rotting apple, there can be up to 90,000 nematodes, and in one tablespoon of coastal mud, there can be 236 species of nematodes!
\end{myquote}


Nematodes can be free living or important parasites of our crops, or of humans and other animals. They have become very important in development studies, especially the species Caenorhabditis elegans, presumably due to its small size and constancy of cell number (eutely -{} 959 cells in C. elegans).
\section{Phylum Annelida}
\label{332}
See text pages 906 -{} 909.

Name means \symbol{34}ringed\symbol{34}, from the Greek annulatus.

This phylum consists of earthworms, leeches, and various marine worms given many different names (e.g., sand worms, tube worms). There are about 12,000 -{} 15,000 species.

Animals in this phylum are triploblastic, bilaterally symmetrical, segmented coelomates. Development is typically protostomous. They have a complete circulatory system, and a well-{}developed nervous system. Typically, each segment has paired epidermal \symbol{34}bristles\symbol{34} (setae or chaetae).

Most are marine but they are successful occupants of almost anywhere sufficient water is available. They can be free living, parasitic, mutualistic, or commensalistic.

Major advances of this phylum include the true coelom, segmentation, both longitundinal and circular muscles, a closed circulatory system and, for most, a more advanced excretory system (metanephridia).

There are three main classes of Annelids

\begin{myitemize}
\item{}  Class Oligochaeta (earthworms)
\item{}  Class Polychaeta (marine worms)
\item{}  Class Hirudinea (leeches)
\end{myitemize}

\section{Phylum Arthropoda}
\label{333}
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Name means \symbol{34}jointed feet\symbol{34}.

This phylum consists of spiders, ticks, mites, insects, lobsters, crabs, and shrimp, and is the largest of all the phyla. So far, over 1 million species have been named, and it is likely that the true number out there is 10 -{} 100 times greater.
\begin{myquote}
\item{}  This phylum also includes the extinct trilobites, which were prevalent in the Paleozoic era. Because of their exoskeletons, these animals fossilized well and over 4000 species have been named.
\end{myquote}


These animals are triploblastic, bilaterally symmetrical, segmented, protostome coelomates. The coelom is generally reduced to portions of the reproductive and excretory systems. They have an open circulatory system.

The most notable advancement of this phylum is a rigid exoskeleton. It has major implications in these organisms\textquotesingle{} locomotion, flexibility, circulatory systems, gas exchange systems, and growth. It also was partially responsible for the ability of the arthropods to move on to land.

There are several major groupings of arthropods:
\begin{myquote}
\item{}  Major subgroups include:
\begin{myitemize}
\item{}  The chelicerates (eurytperids, horseshoe crabs, scorpions, spiders, ticks) have clawlike feeding appendages. They lack antennae and usually have simple eyes.
\item{}  The Trilobites...they get their own grouping
\item{}  The uniramians (centipedes, millipedes, insects) have one pair of antennae and unbranched (uniramous) appendages.
\item{}  The crustaceans (crabs, shrimp, lobsters, barnacles and many others) have two pairs of antennae and branched (biramous) appendages.
\end{myitemize}

\item{}  Major Classes Include  
\begin{myitemize}
\item{}  Class Arachnida (mites, scorpions, spiders, ticks)
\item{}  Class Diplopoda (millipedes)
\item{}  Class Chilopoda (centipedes)
\item{}  Class Insecta (insects)
\item{}  Class Crustacea (crabs, crayfish, lobsters, shrimp)
\end{myitemize}

\end{myquote}

\section{Phylum Mollusca}
\label{334}
See text pages 900 -{} 905.

Name means \symbol{34}soft\symbol{34}.

This phylum consists of snails, slugs, bivalves, chitons, squids, octopus, and many others. About 110,000 species

All molluscs have a similar body plan: 

\begin{myitemize}
\item{}  A muscular foot, usually used for movement.
\item{}  A visceral mass, containing most of the internal organs.
\item{}  A mantle, a fold of tissue that drapes over the visceral mass and secretes the shell, if present.
\item{}  Most have a radula, or a rasping organ to scrape food.
\end{myitemize}


Molluscs are bilaterally symmetrical, or secondarily asymmetrical. They are coelomates, but the coelom generally has been greatly reduced; the main body cavity is a hemocoel. Development is typically protostomous. The gut is complete with marked regional specialization. Large, complex, metanephridia (excretion).

Many molluscan life cycles include a trochophore larva. This stage also is characteristic of annelids.

There are several major classes of molluscs:

\begin{myitemize}
\item{}  Class Polyplacophora (chitons)
\item{}  Class Gastropoda (snails, slugs, nudibranchs)
\item{}  Class Bivalvia (clams, mussels, scallops, oysters)
\item{}  Class Cephalopoda (squids, octopuses, chambered nautiluses)
\end{myitemize}

\section{Phylum Echinodermata}
\label{335}
Name means \symbol{34}spiny skin\symbol{34}

This phylum consists of sea stars, brittle stars, sea urchins, and sea cucumbers.

Echinoderms are mostly sessile or very slow moving animals.

As adults, they are radially symmetrical, but in the larval stage, they are bilaterally symmetrical. They are considered deuterostomes.

Echinoderms are unique in that they have a water vascular system composed of a system of fluid-{}filled canals. These canals branch into the tube feet, which function in feeding, locomotion, and gas exchange.

There are six major classes of echinoderms:

\begin{myitemize}
\item{}  Class Asteroidea (sea stars)
\item{}  Class Ophiuroidea (brittle stars)
\item{}  Class Echinoidea (sea urchins, sand dollars)
\item{}  Class Crinoidea (sea lilies)
\item{}  Class Holothuroidea (sea cucumbers)
\end{myitemize}

\section{Phylum Chordata}
\label{336}
Name means \symbol{34}the chordates\symbol{34}, i.e., these animals have a notochord at some stage in their lifecycle.

This phylum consists of tunicates, lancelets, and the vertebrates.

There are four major features that characterize the phylum Chordata.

\begin{myitemize}
\item{}  A notochord, or a longitudinal, flexible rod between the digestive tube and the nerve cord. In most vertebrates, it is replaced developmentally by the vertebral column. This is the structure for which the phylum is named.
\item{}  A dorsal hollow nerve cord which develops from a plate of ectoderm that rolls into a tube located dorsal to the notochord. Other animal phyla have solid nerve cords ventrally located. A chordate nerve cord splits into the central nervous system: the brain and spinal cord.
\item{}  Pharyngeal slits, which allow water that enters through the mouth to exit without continuing through the entire digestive tract. In many of the invertebrate chordates, these function as suspension feeding devices; in vertebrates, they have been modified for gas exchange, jaw support, hearing, and other functions.
\item{}  A muscular, postanal tail which extends posterior to the anus. The digestive tract of most nonchordates extends the length of the body. In chordates, the tail has skeletal elements and musculature, and can provide most of the propulsion in aquatic species.
\end{myitemize}


Chordates have a segmented body plan, at least in development. This segmentation evolved independently from the segmentation of annelids.

Three subphyla make up the phylum Chordata:

\begin{myitemize}
\item{}  Subphylum Urochordata (tunicates): the adults are enclosed in a tunic made of a carbohydrate much like cellulose. They squirt water out of an excurrent siphon. Urochordates are characterized by errant (mobile and active) larvae and sessile adults. All are filter feeders. The only \symbol{34}chordate\symbol{34} characteristics retained in adult life are the pharyngeal slits. Larval urochordates look more like adult cephlochordates \& adult vertebrates than adult urochordates.
\item{}  Subphylum Cephalochordata: Cephalochordates are known as lancelets because of their blade-{}like shape; they are also known as amphioxus. They are marine animals and usually live on the bottom, but can swim.
\item{}  Subphylum Vertebrata (vertebrates) ...
\end{myitemize}


Formally, the phyla Urochordata and Cephalochordata are considered invertebrates.  
\subsection{Subphylum Vertebrata}
\label{337}
Vertebrata refers to the presence of vertebrae and a vertebral column.

This subphylum includes most of the animals with which most people are familiar.
\begin{myquote}
\item{}  Vertebrates show extreme cephalization.
\end{myquote}


The notochord generally is replaced by the cranium \& vertebral column in adults.
\subsubsection{Neural Crest Cells}
\label{338}
Later in development, these give rise to many cells of the body, including some cartilage cells, pigment cells, neurons \& glial cells of the peripheral nervous systems, much of the cranium, and some of the cells of the endocrine system.

Some scientists would like to classify the neural crest as the fourth germ layer.

Neural crest cells come from the dorsal edge of the neural plate, thus ectoderm.





\label{339}
\LaTeXNullTemplate{}
\chapter{Chordates}

\myminitoc
\label{340}
The phylum Chordata includes three subphyla. These include vertebrates and invertebrate chordates.
\section{Characteristics}
\label{341}
Notochord: the rod-{}shaped supporting axis found in the dorsal part of the embryos of all chordates, including vertebrates

Flexible, non-{}collapsible rod dorsal to the gut/coelom and below the nervous system, hydrostatic, fluid wrapped in tough connective tissue. As bone does not compact, muscles tensed on one side result in movement instead of shortening the animal. This allows much better locomotion than do cilia for larger animals in water, a crucial victory for later success.

Pharyngeal slits: Slits in the pharynx originally used to gather food, water enters the mouth, passes through pharynx and out gill-{}like slits, passing through a cavity called an antrium and then outside. In humans, present only in embryo.

Dorsal nerve cord: A neural tube dorsal to the notochord

Postanal tail: Elongation of the body and notochord, nerve cord and muscles past anus into tail, early locomotive function led to success. 

Non-{}synapomorphic characteristics (not limited to chordates):
\begin{myitemize}
\item{}  bisymmetrical (bilateral symmetry)
\item{}  segmented muscles and bones
\end{myitemize}

\section{Subphylum Urochordata}
\label{342}
The tunicates are located in this subphylum. Along with the subphylum Cephalochordata, these two subphyla make up the invertebrate chordates. Only the tunicate larvae have notochords, nerve cords, and postanal tails. Most adult tunicates are sessile, filter-{}feeders which retain their pharyngeal slits. Adult tunicates also develop a sac, called a tunic, which gives tunicates their name. Cilia beating within the turnicate cause water to enter the incurrent siphon. The water enters the body, passes through the pharyngeal slits, and leaves the body through the excurrent siphon. Undigested food is removed through the anus. Tunicates are hemaphrodites and can reproduce asexually through budding.In urochordates notochord is confined to larval tail.These lack cranium.
These have an open type of circulatory system.Excretion is by neural gland,nephrocytes.
\section{Subphylum Cephalochordata}
\label{343}
The lancelets are located in this subphylum. Along with the subphylum Urochordata, these two subphyla make up the invertebrate chordates. Lancelets receive their name from their bladelike shape. They resemble fish but they are actually scaleless chordates only a few centimeters long. They spend most of their time buried in the sand with their mouths protruding. Fossils of lancelets have been found to be over 550 million years old.

Dropped out sessile stage, what was the larval stage is now sexually reproductive. Includes Branchiostoma (â��amphioxusâ��).
\section{Subphylum Vertebrata}
\label{344}
(Vertebra from Latin vertere, to turn). 
Characterized by separate bones or cartilage blocks firmly joined as a backbone. The backbone supports and protects a dorsal nerve cord. Vertebrates have tissues which are organized into organs which in turn are organized into organ systems.

All vertebrates share the following characteristics:
-{} segmentation
-{} a true coelom
-{} bilateral symmetry 
-{} cephalization
-{} a backbone
-{} a bony skull
-{} a closed circulatory system
-{} chambered heart
-{} two pairs of jointed appendages
-{} tissues organized into organs

Vertebrate Organ Systems:
-{} Nervous System
-{} Circulatory System
-{} Digestive System
-{} Respiratory System
-{} Reproductive System
-{} Excretory System

\begin{myitemize}
\item{}  Vertebral column: Not present in higher vertebrate adults. (In humans, the gel-{}like, spongy core of the vertebral column is the only remainder. Ruptured or herniated disc is an injury to this.)
\item{}  Cranium: Composite structure of bone/cartilage. Two functions: 1. Supports sensory organs of head and 2. Encloses or partially encloses the brain.
\end{myitemize}


What evolutionary relationship could we imagine between sessile echinoderms and the higher chordate animals? 

Paedomorphic (child-{}form) hypothesis: basically, evolution of sexual reproduction in what had previously been a larval life stage, or the retention of at least one juvenile characteristic into the adult (adult = sexually reproducing) stage. Some scientists believe that this occurred in a proto-{}chordate animal lineage. Maybe chordates (and vertebrates) arose from sessile (attached) ancestors. Selection in these proto-{}chordates maybe began to favor more time in the larval stage, as feeding was more successful or mortality lower in this stage. As larvae got bigger physics shows that the cilia become less efficient for locomotion, favoring the undulating motion allowed by a notochord.

Is this hypothesis crazy? A similar example of this today is Epemeroptera, the mayfly, which has almost abandoned its adult stage. Its one-{}year lifespan is mostly larval with just a brief day of reproduce-{}and-{}die as an adult, which doesnâ��t even have usable mouthparts. 

Tunicate (sea squirt) larva has all four chordate characteristics, although adult sessile (â��attachedâ��).
\subsection{Class Agnatha}
\label{345}
\symbol{34}jawless fish\symbol{34}
\begin{myitemize}
\item{}  Ostracoderms: extinct Agnathans which had primitive fins and massive plates of bony tissue on their body.
\item{}  Cyclostomes: \symbol{34}circle mouth\symbol{34} -{} a group of Agnathans which is still alive in the form of lampreys and hagfish.
\end{myitemize}

Appeared approximately 500 million years ago and dominated the oceans for about 100 million years. 
The first group of fish to appear. They had neither jaws, paired fins, nor scales, but they were the first organisms with a backbone.
\subsubsection{Class Acanthodia}
\label{346}
\symbol{34}spiny fish\symbol{34}
Appeared about 430 million years ago. 
An extinct class of fish that developed jaws with bony edges. They had internal skeletons made of cartilage and some bone.
\subsubsection{Class Placodermi}
\label{347}
Appeared about 410 million years ago, dominated the sea for about 50 million years.
An extinct class of fish with massive heads.
\subsection{Class Chondrichthyes}
\label{348}
\symbol{34}cartilaginous fish\symbol{34}
Appeared about 400 million years ago with bony fish.
Includes sharks, skates and rays, and chimaeras. 
Their skeletons are made of cartilage strengthened by the mineral calcium carbonate. 

The main characteristics and distinguishing features of this class: 
-{} gills
-{} single-{}loop blood circulation
-{} vertebral column
-{} presence of placoid scales on their bodies
-{} internal skeleton of cartilage
-{} paired, fleshy pectoral and pelvic fins
-{} asymmetrical tail fin prevents sinking
-{} fatty liver provides neutral buoyancy
-{} visceral clefts present as separate and distinct gills
-{} no external ear
-{} oviparous
-{} internal fertilization
-{} ectoderms
-{} cold blooded
\subsection{Class Osteichthyes}
\label{349}
\symbol{34}bony fish\symbol{34}
Appeared about 400 million years ago with cartilaginous fish.
Includes about 95\% of today\textquotesingle{}s fish species.
\paragraph{Subclass Sarcopterygii}
{$\text{ }$}\newline\label{350}
fleshy-{}finned fishes. Fins have bones and muscles, homologous to our limbs. 
\paragraph{Order Dipnoi}
{$\text{ }$}\newline\label{351}
lung fishes, two groups isolated when continents separated
\paragraph{Order Crossopterygii}
{$\text{ }$}\newline\label{352}
includes coelacanths and rhipodistians, gave rise to amphibians, had lungs which evolved into a swim bladder in bony fishes, and labyrinthodont teeth, characterized by complex folding of enamel.


â�¢	Skeleton made of bone, jaws, fins, most with scales, two-{}chambered heart.
\subsection{Class Amphibia}
\label{353}
means â��both livesâ��, aquatic larvae, terrestrial adult
Amphibians:
-{} Legs
-{} Lungs
-{} Double-{}Loop Circulation
-{} Partially Divided Heart
-{} Cutaneous Respiration (Breathes through Skin)
\paragraph{Order Salientia}
{$\text{ }$}\newline\label{354}
frogs (jumping) (aka Anura)
\paragraph{Order Urodela}
{$\text{ }$}\newline\label{355}
salamanders (tailed)

Labyrinthodont amphibians: oldest known amphibians, inherited characteristic teeth from crossopterygii ancestor, had stocky, aquatic larvae.

Amphibians have limbs instead of fins. Girdles and vertebral column now more substantial and connected, support body on legs.

Lisamphybia: no scales, â��smoothâ��, eggs with no shell, laid in water (water-{}reliant).

Amphibians gave rise to cotylosaurs, from which arose dinosaurs, turtles, lizards, and therapsids. 
\subsubsection{Class Reptilia}
\label{356}
amniotic egg allowed freedom from water, shelled egg. (Amnion: protection). Reptiles have four extra-{}embryonic membranes:
\begin{myitemize}
\item{}  Amnion: supports aquatic environment inside egg in fluid sac.
\item{}  Allantois: allows gas exchange and elimination of wastes. 
\item{}  Chorion: gas exchange
\item{}  Yolk sac: only one of the four left over from amphibian ancestor
\end{myitemize}

Reptiles cold-{}blooded, or ectothermic, meaning that their heat come from their environment. Sometimes defined as all amniotes that are not birds or mammals.

Reptiles can be classified by skull structure into four groups:
\begin{myitemize}
\item{}  Anapsid
\item{}  Synapsid
\item{}  Diapsid
\item{}  Euryasid
\end{myitemize}

Refers to number of holes in the skull. Cotylosaurs had Anapsid skull

Dermatocranium: from bony outer skull structure, precursor to human cranium. 
\paragraph{Subclass Anapsidia}
{$\text{ }$}\newline\label{357}

\paragraph{Subclass Testudinata}
{$\text{ }$}\newline\label{358}
\myhref{http://en.wikibooks.org/wiki/turtle}{turtles}, terrapins
\paragraph{Subclass Diapsida}
{$\text{ }$}\newline\label{359}
\myhref{http://en.wikibooks.org/wiki/dinsosaur}{dinosaurs}, \myhref{http://en.wikibooks.org/wiki/snake}{snakes}, most stuff
\paragraph{Subclass Synapsida}
{$\text{ }$}\newline\label{360}
\subparagraph{Order Therapsids}
{$\text{ }$}\newline\label{361}
\paragraph{Subclass Diapsida}
{$\text{ }$}\newline\label{362}
includes Ichthyosaurs, marine reptiles convergent on dolphins; 
Plesiosaurs, ancient sea monsters; 
Squamates, including lizards and snakes; and 
Thecodonts, which gave rise to
\begin{myitemize}
\item{}  birds 
\item{}  dinosaurs
\item{}  crocodilians 
\end{myitemize}


Dinosaurs: broken into two groups, based on hip structure

\begin{myitemize}
\item{}  Saurischia: lizard hips (gave rise to birds {$\text{[}$}!{$\text{]}$}), ancestrally bipedal
\item{}  Ornithischian: bird hips, ancestrally quadripedal
\end{myitemize}


Crocodilians: come from archosaurs, the only extant (still living today) archosaur descendant. Ancestrally bipedal, secondarily quadripedal.

Synapsids: refers to joined (Greek syn-{}, together with) parts of skull. Led eventually to mammals. Synapsid pelycosaur >{}>{} therapsid >{}>{} mammals

Pelycosaur: Sail-{}backed dinosaur, legs not spread out like lizard but more pillar-{}like and under body, allowing greater activity and competence in motion, pendulum like rather than constant push-{}up. Teeth differentiated into different types, for pre-{}processing of food needed by higher metabolism. Skull changes, bone histology, suggestions of warm-{}bloodedness.
\subsubsection{Class Aves}
\label{363}
arose late Jurassic, early Cretaceous. Feathers, skeleton modified for flight. Feathers: epidermal derivative, made of keratin (like fingernails). Carpometacarpis: bears primary flight feathers, parallel to hand parts. Keeled sternum: breastbone, powerful one needed to support flight muscles. Strong, light, occasionally hollow bones. All birds lay eggs (as contrasted to reptiles, which have developed live birthing over 100 independent times.) Why are there no live-{}bearing birds? Early birds had teeth, lost them. With mammals, only exothermic animals. 

Archaeopteryx: â��ancient wingâ��, Jurassic bird-{}reptile, very dinosaur-{}like. Good fossils found in Zolenhoffen, German sandstone mine with fine sand, shows feathers clearly, found shortly after Darwinâ��s publication and used to support his hypothesis. Thick, heavy bones and no sternum, bony tail, not a good flyer but did have primary flight feathers. 

Archaeornithes: includes archaeopteryx. 

Paleognathae: gave rise to Australian flightless birds.

Neognathae: remaining live birds.
\subsubsection{Class Mammalia}
\label{364}
Two unique characteristics, or synapomorphies: 
\begin{myitemize}
\item{}  Hair 
\item{}  Mammary glands 
\end{myitemize}

(donâ��t fossilize well)

Three skeletal characteristics (fossilize) 
\begin{myitemize}
\item{}  Lower jaw only one bone, the dentary (several in reptiles)
\item{}  Three bones in middle ear: malleus, incus, stapes (reptiles have one or two, never three)
\item{}  Joint between upper and lower jaws between dentary and squamosal of skull (in reptiles this joint is between other bones)
\end{myitemize}


Mammals basically have a synapsid skull design inherited from ancestor

Non diagnostic characteristics (not unique to mammals):
\begin{myitemize}
\item{}  Warm-{}blooded
\item{}  Skin glands: sweat glands and oil-{}producing sebaceous glands
\item{}  Large nasal cavities (because of high metabolism) Clean, warm and humidify air
\item{}  Heterodonty (differentiated teeth)
\item{}  Diphiodonty: two sets of teeth: baby and adult (â��deciduousâ�� teeth, drop out) (reptile teeth are continually replaced)
\end{myitemize}

\paragraph{Subclass Protheria}
{$\text{ }$}\newline\label{365}
monotremes (Greek mon-{}, one; and trema, hole), or egg-{}laying mammals, have one opening for excretion and urination.
\paragraph{Subclass Theria}
{$\text{ }$}\newline\label{366}
Metatheria: Marsupials (opossum, kangarooâ�¦)
Eutheria: Placental mammals (all common mammals)

Marsupium: (from Greek marsypion, purse or pouch). Gestation period much shorter than in Eutherian mammals, but after leaving the uterus the tiny offspring crawls into a pouch where it completes development latched onto a teat. 

Recent molecular (read: genetic) evidence suggests that two different mammal groups may have developed live-{}bearing ability separately. Instead of being a â��rough draftâ�� for placental-{}style live bearing, perhaps the marsupial pouch approach is another solution to the same problem. Advantage: in tough times the parent can pitch out the offspring and increase its own chance of survival.
\chapter{Tissues and Systems}

\myminitoc
\label{367}





\label{368}
\LaTeXNullTemplate{}\chapter{Epithelial tissue}

\myminitoc
\label{369}
Comes from various sources, {\bfseries ectodermal} or {\bfseries endodermal} material. Cell sheet lines a surface or body cavity. One side, called {\bfseries freesurface or Apical}, is exposed to
\begin{myitemize}
\item{}  animal {\bfseries interior} (forming the {\bfseries lumen}) or
\item{}  {\bfseries exterior} of its {\bfseries body cavity}.
\end{myitemize}

The other side rests on the {\bfseries basal layer}.

Epithelial tissue is not penetrated by blood vessels.

Two categories:
\begin{myitemize}
\item{}  {\bfseries sheets}
\item{}  {\bfseries glands}
\end{myitemize}


Classified on two features:
\begin{myitemize}
\item{}  {\bfseries simple}, (a single layer of cells),
\item{}  {\bfseries stratified}, (more than one cell layer.)
\end{myitemize}


Cell shape at free surface:
\begin{myitemize}
\item{}  {\bfseries squamous} (broad and flat)
\item{}  {\bfseries cuboidal} (spherish)
\item{}  {\bfseries columnar} (tall and thin)
\end{myitemize}

{\bfseries
\begin{mydescription} {\bfseries Simple squamous epithelium} 
\end{mydescription}
}
\begin{myquote}\item{} usually lines body cavities and vessels,alveoli, glomeruli of kidney; in blood and lymph vessels called endothelium; in body cavities called mesothelium (serosae): parietal serous membranes line body wall, visceral serous membranes cover organ
\end{myquote}
{\bfseries
\begin{mydescription} {\bfseries Simple cuboidal epithelium} 
\end{mydescription}
}
\begin{myquote}\item{} in ducts like kidney and salivary glands.
\end{myquote}
{\bfseries
\begin{mydescription} {\bfseries Simple columnar epithelium} 
\end{mydescription}
}
\begin{myquote}\item{} nonciliated type lines digestive tract, ciliated type lines some regions of uterine tubes and lungs
\end{myquote}
{\bfseries
\begin{mydescription} {\bfseries Stratified squamous epithelium} 
\end{mydescription}
}
\begin{myquote}\item{} (important) lines mouth, esophagus,and vagina. Cells sometimes dead, flat and keratinized, making them resistant to abrasion. Stratified squamous epithelium changes to columnar squamous epithelium progressively down esophagus to the stomach.
\end{myquote}
{\bfseries
\begin{mydescription} {\bfseries Epidermis} 
\end{mydescription}
}
\begin{myquote}\item{} from epithelium. Below this is {\bfseries dermis}, thicker and with blood vessels.
\end{myquote}


Two specialized epithelia:
\begin{myitemize}
\item{}  {\bfseries pseudostratified}
\item{}  {\bfseries transitional}
\end{myitemize}

{\bfseries
\begin{mydescription} {\bfseries Pseudostratified epithelia} 
\end{mydescription}
}
\begin{myquote}\item{} lines the trachea (where it is ciliated)and the male urethra (where it is non ciliated), looks stratified but not.
\end{myquote}
{\bfseries
\begin{mydescription} {\bfseries Transitional epithelia} 
\end{mydescription}
}
\begin{myquote}\item{} found only in bladder and urinary system. As it stretches it appears to go from 6 to 3 cell layers deep.
\end{myquote}
{\bfseries
\begin{mydescription} {\bfseries Glandular epithelia} 
\end{mydescription}
}
\begin{myquote}\item{} ({\bfseries gland}: group of cells that excretes something.. mostly derived from {\bfseries epithelium}. Glands are classified into {\bfseries endocrine} and {\bfseries exocrine} by where they excrete.
\end{myquote}
{\bfseries
\begin{mydescription} {\bfseries Endocrine glands} 
\end{mydescription}
}
\begin{myquote}\item{} secrete hormones into the {\bfseries blood} without use of ducts.
\end{myquote}
{\bfseries
\begin{mydescription} {\bfseries Exocrine glands} 
\end{mydescription}
}
\begin{myquote}\item{} secrete onto the {\bfseries body surface} or into a {\bfseries cavity}, thru a {\bfseries duct}. Exocrine substances include sweat, mucous, oil, and saliva. An exocrine gland is the {\bfseries liver}, which secretes bile.
\end{myquote}
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This is a â��grab bagâ�� category of diverse tissue types. Functions include binding and supporting. Types include {\bfseries bone}, {\bfseries cartilage}, {\bfseries fibrous connective tissue}, {\bfseries blood} and {\bfseries adipose} (fat) tissue.

If you took away everything in the body except the connective tissue, youâ��d still be able to see the basic form of the body.

{\bfseries Form}: distinctive cells surrounded by a {\bfseries cell matrix} made of {\bfseries extra-{}cellular fiber} grounded in a {\bfseries ground substance } (excluding blood)

Types:$\text{ }$\newline{}

1. {\bfseries connectile connective tissues} (can be 1. {\bfseries loose} or 2. {\bfseries dense})$\text{ }$\newline{}

2. {\bfseries special connective tissue} (includes blood, bones and cartilage).

{\bfseries Fibroblasts} form {\bfseries connective tissue proper;}$\text{ }$\newline{}

{\bfseries chondoroblasts} form {\bfseries cartilage;}$\text{ }$\newline{}

{\bfseries osteoblasts} form {\bfseries bone;}$\text{ }$\newline{}

and {\bfseries blood} is formed from various sources.

{\bfseries Ground substance}: â��unstructuredâ�� material that fills space between cells and contains fibers. Made of$\text{ }$\newline{}

1. {\bfseries interstitial fluid} (bathes cells)$\text{ }$\newline{}

2. {\bfseries proteoglycans} (protein core with attached polysaccharides, glycoaminoglycans or GAGs such as chondroitin sulfate, keratin sulfate, and hyalronic acid, whose consistency is syrupy to gelatin-{}like)$\text{ }$\newline{}

3. {\bfseries cell-{}adhesion proteins} (connect connective tissue cells to the fibers).

{\bfseries Fibers} of {\bfseries connective tissue}:$\text{ }$\newline{}

1. {\bfseries Collagen} (flexible protein resistant to stretching, tensile strength, most abundant protein in animals, white)$\text{ }$\newline{}

2. {\bfseries elastin} (rubbery, resilient protein, in dermis, lungs, blood vessels, yellow when fresh)$\text{ }$\newline{}

3. {\bfseries andreticulin} (like collagen).

{\bfseries Loose connective tissue}: found beneath skin, anchors muscles,nerves etc. Include {\bfseries fibroblasts}, {\bfseries macrophages}, {\bfseries mast cells},and {\bfseries adipose cells}. {\bfseries Fibers} include {\bfseries collagen} and {\bfseries elastic fibers}. Ground substance is â��syrupyâ��. Adipose included.

{\bfseries Dense connective tissue}: largely densely packed fibers of {\bfseries collagen} or {\bfseries elastin} regularly or irregularly arranged. Forms {\bfseries tendons} and {\bfseries ligaments}, coverings of muscles, capsules around organs and joints, and {\bfseries dermis} of skin.

{\bfseries Cartilage vs. bone}$\text{ }$\newline{}


\begin{longtable}{>{\RaggedRight}p{0.30478\linewidth}>{\RaggedRight}p{0.29060\linewidth}>{\RaggedRight}p{0.28408\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Feature} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Bone} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Cartilage}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries cell type} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} osteocytes &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} chondrocytes\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries ground substance} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} calcium phosphate{\mbox{$~$}}&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} chondroitin sulfate\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries vascularization} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} vascular &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} avascular\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries micro architecture}{\mbox{$~$}} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} highly ordered&\hspace*{0pt}\ignorespaces{}\hspace*{0pt} less organized\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries units called} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} osteons &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries fibrous sheath} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} peristeum &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} perichondrium 
\end{longtable}


{\bfseries Cartilage: }There are three cartilage types:$\text{ }$\newline{}

1. {\bfseries hyaline} cartilage$\text{ }$\newline{}

2. {\bfseries fibrocartilage} (fibrous cartilage)$\text{ }$\newline{}

3. {\bfseries elastic} cartilage

{\bfseries Hyaline cartilage}: most widespread cartilage type, in adults forms articular surfaces of long bones, rib tips, rings of trachea, and parts of skull. Mostly {\bfseries collagen}, name refers to {\bfseries glassy} appearance. In embryo, bones form first as {\bfseries hyaline} cartilage, later {\bfseries ossifies}. Found in tracheal rings. Few collagen fibers.

{\bfseries Fibrous cartilage}: have lots of {\bfseries collagen} fibers. Found in intervertebral discs, pubic symphesis. Grades into dense {\bfseries tendon} and {\bfseries ligament} tissue.

{\bfseries Elastic cartilage}: springy and elastic. Found in internal support of external ear and in epiglottis, yellow when fresh.

{\bfseries Chondrocites} (cartilage cells) rely on diffusion for nutrients, as cartilage has no direct blood supply, and no enervation (nerves). Can be loaded with calcium salts.

{\bfseries Bone}: Specialized connective tissue, calcium phosphate arranged in highly ordered unit called {\bfseries osteon}, or {\bfseries Hyvercian system}. Concentric rings around central canal with blood vessels and enervation (nerves). Bone varied, not all vertebrate bone is even cellular. Our concern: simple pattern for mammals.

{\bfseries Lacuna} (spaces in which osteocytes found); {\bfseries canaliculi} (little canals) bigger diagonal cells, layers of bone called {\bfseries lamellae.}

Three types of bone cells, ending in$\text{ }$\newline{}

-{}{\bfseries blast}, (mend bone)$\text{ }$\newline{}

-{}{\bfseries cyte} (fortify bone){\mbox{$~$}}$\text{ }$\newline{}

-{}{\bfseries clast} (tear down bone)

Classified by$\text{ }$\newline{}

1. {\bfseries appearance} ({\bfseries spongy} vs. {\bfseries hard})$\text{ }$\newline{}

2. {\bfseries where found} (outside or inside)$\text{ }$\newline{}

3. {\bfseries how it is formed} (endochondral cartilage model forms first and then is ossified, and entramembranous, bone forms directly without cartilage precursor)

Example of {\bfseries endochondral bone formation}: long bone begins to ossify from center shaft, calcified region expands and cuts off diffusion of nutrients as bone replaces cartilage. In young mammals, secondary ossification centers then form at bone ends, growth has stopped by sexual maturity as all primary bone is ossified. In other animals, bones continue growing throughout their lifetime.

Three types of {\bfseries intramembrous bone}:$\text{ }$\newline{}

1. {\bfseries dermal} bone$\text{ }$\newline{}

2. {\bfseries sessamoid} bone$\text{ }$\newline{}

3. {\bfseries perichondral} bone.

{\bfseries Dermal bone} forms skull, shoulder/pectoral girdle, and integument, descended from dermal armor of ancestor. Comes from {\bfseries mesoderm}, in dermis of skin.

{\bfseries Sessamoid bones}: form directly in tendons. Example: kneecap, also in wrist. Deals with stress.

{\bfseries Perichondral bone} means {\bfseries â��around cartilage,â��} forms around cartilage or bone. Functions in bone repair and in ossification of endochondral bone.

{\bfseries Bone remodeling and repair}: bone has mineral structure, and develops tiny fractures, which, under stress, can lead to larger fractures. To combat this, bone is constantly replaced. {\bfseries Osteoclasts} channel through existing bone, tear down and leave behind {\bfseries osteoblasts} and {\bfseries lacuna}, leaving {\bfseries osteocytes}. Continually resets mineral structure of bone, and is preventative maintenance.

When bone broken, callus forms in open ends, {\bfseries periosteum} gives rise to new bone with calcium and new bone matrix, leaves irregular mend. Later, osteoblasts continue fixing over time and slowly removing imperfection.





\label{372}
\LaTeXNullTemplate{}\chapter{Muscle tissue}

\myminitoc
\label{373} 

Mesodermal in origin, muscle has several functions: {\bfseries supply force for movement}, {\bfseries restrain movement}, proper {\bfseries posture}, act on viscera (internal organs) for {\bfseries peristalsis} (moving food down digestive tract), give body {\bfseries shape}, form {\bfseries sphincters}, (such as in esophagus, between stomach and intestine, large and small intestine, in anus), in {\bfseries sheets} of muscles, affect ai{\bfseries r flow} in and out of lungs, line {\bfseries blood vessels} and play vital role in {\bfseries circulation}.

Secondary roles: {\bfseries heat production} (shivering a specialized heat production to supplement metabolism). 

Muscles co-{}opted to other non-{}original functions: sharks detect electrical field created by fish muscles. Some fish formed electric organs, create current strong enough to repel predators or stun prey. Other fish can use field as â��radarâ�� to see things and communicate with other animals. (Evolved independently in different groups). 

Different classifications: by {\bfseries color}, (red or white) {\bfseries location}, nature of {\bfseries nervous system contro}l (voluntary or involuntary), {\bfseries embryonic origin}, or by {\bfseries general microscopic appearance} (striated, smooth, and cardiac.) 

{\bfseries Striated muscle} (or {\bfseries skeletal} muscle): under {\bfseries voluntary control}. Individual cells called {\bfseries fibers}, grouped into {\bfseries fascicle}. {\bfseries Myofibrils} founding one cell made of even smaller {\bfseries myofilaments}. Each striated cell very long and {\bfseries multi-{}nucleated}. Fibers joined end to end to form longer {\bfseries composite fibers}. {\bfseries Sarcomeres}: repeating units make up {\bfseries myofibrils}. Two kinds of {\bfseries myofilaments}, thick kind made up of {\bfseries myosin} and thin of {\bfseries actin}. Striations visible in light microscope, smaller part only with electron microscope. 

{\bfseries Cardiac muscle}: occurs only in {\bfseries heart}. Light banding visible under light microscope. Each band short, principally mononucleate (occasionally dinucleate) often branched, joined together with intercollated discs. Involuntary. Waves of contraction spread through intercollated discs. Initiated by nerve stimulation or can originate in the heart itself (useful in heart transplants.) 

{\bfseries Smooth muscle}: no striations visible with light microscope. Almost entirely {\bfseries visceral} function: digestion, sphincters, urogenital tracts, piloerectory muscles (make hairs stand up), lungs. Non-{}voluntary control. Slow and sustained action. Each cell mononucleate, short, fusiform (spindly) in shape, cells usually uniform in size. 

Striated muscle contraction: Muscle broken into units called fascicles, in units of myofibrils. Repeating units called sarcomeres, consisting of two kinds of myofilaments: $\text{ }$\newline{}

1. thick, {\bfseries myosin} filament $\text{ }$\newline{}

2. thin, {\bfseries actin} filament. 

{\bfseries Sarcomere}: Thick and thin filaments interspersed in ordered grid. 

{\bfseries Sliding filament theory}: thick and thin filaments move past each other in opposite direction, shortening length. Longer muscles contract more rapidly than short ones (see cell bio for details). 

{\bfseries Myosin molecule}: two polypeptides twisted together with two globular heads at end. 

{\bfseries Myosin filament}: many slender myosin molecules together. 

{\bfseries Actin filament}: chain of actin single, {\bfseries tropomyosin} strands with repeated {\bfseries globular troponin}, and with {\bfseries actin}. All play role in muscle contraction. Myocin heads have sites that bind to actin. Actin filaments have many regular sites that can bind to myosin. 

{\bfseries Troponin} has {\bfseries four site}s: $\text{ }$\newline{}

1. one to bind {\bfseries myosin} $\text{ }$\newline{}

2. one for {\bfseries actin} $\text{ }$\newline{}

3. one for {\bfseries tropomyocin} $\text{ }$\newline{}

4. one for {\bfseries calcium ions} 

Nerve signal reaches muscle, triggers release of chemical signal called neurotransmitter, that diffuses across cell membrane ({\bfseries sarcolimic reticulum}) and binds to receptors in it. Receptor is {\bfseries acetylcholine}, ACH. When there is enough nerve signal, the message travels through t-{}line to sarcoplasmic reticulum to release calcium ions. 

Lacking calcium, {\bfseries tropomyosin} site blocked. In calcium, myosin binding sites exposed and heads bind to {\bfseries actin} molecules, delivering force to move {\bfseries fibers} in relation to each other. Myocin head then interacts with {\bfseries ATP} to get â��recockedâ��, if myosin still exposed then it fires again and results in further muscle contration. If there is no further nerve signal, {\bfseries sarcoplasmic reticulum} sequesters Ca+ ions again and no recocking occurs. 

{\bfseries Quirari (or curare)}: known from movies, used in South America, blocks {\bfseries acetylcholine receptors} in cell and causes skeletal paralysis. Victim dies of asphyxiation because he canâ��t breathe. 

{\bfseries Duchenne\textquotesingle{}s muscular dystrophy}: degeneration of {\bfseries sarcolema}, plasma membrane of muscle cell unable to release signal and quickly atrophies. 

{\bfseries Fast} and {\bfseries slow twitch fibers}: vertebrate muscle fiber. Terms relative within one group of animals. Differences related to differences in {\bfseries enervation}, type of {\bfseries myocin}, and {\bfseries actin activation}. 

Two parts of force generated by muscle: 1. {\bfseries active} component 2. {\bfseries elastic} component (energy stored in muscle when stretched by gravity or another force. Stored in muscle elastic tissue around tendons. Especially important in {\bfseries limb oscillation}, like running, or trunk twisting, like fish swimming. Up to 90\% of stored elastic energy can be recovered.) 

How does a muscle match its power to its job? Two ways: $\text{ }$\newline{}

1. {\bfseries rate modulation}, derived from frequency of nervous stimulation of muscle, force increases as frequency of stimulation increases up to point of tetanus. $\text{ }$\newline{}

2. {\bfseries selective involvement of motor units}, a given neuron enervates a fixed number of muscle cells, (a motor unit), and force is increased by recruiting more motor units. Motor units may be small, such as in eye, or larger, like in leg muscle. 

How do muscles grow stronger? $\text{ }$\newline{}

1. add more {\bfseries myofilaments}, increases cross sectional area by up to 50\%, more little ratchets working $\text{ }$\newline{}

2. proliferation in {\bfseries blood vessels} and {\bfseries connective tissue} around muscle 

Muscle strength is relative to {\bfseries cross sectional area}, not length. Not always feasible to add more cross sectional area. 

{\bfseries Pinnate fibers}: oriented obliquely (Y-{}shaped) to minimize muscle mass, in certain circumstances, like calf muscle. Spreads muscle out. 

Velocity of shortening greater in long muscle than short. Why? Contraction tied to relation between fibers, and to total length of muscle. Both long and short muscles reach same percentage of contraction in same unit time, but distance covered by the longer muscle is greater. 

{\bfseries Synergist muscles}: muscles work together to produce motion in same general direction. Bicep shares work with brachialis. 

{\bfseries Antagonist muscles}: muscles that oppose each other. Bicep pulls forearm in, triceps pulls it back out. 

{\bfseries Origin vs. insertion}: origin is the end of the muscle that more fixed in its attachment to the body. The more movable end called insertion. 

{\bfseries Fixators}: muscles that act to stabilize a joint or lever system. Like upper arm when you clench your fist hard. 

{\bfseries Flexors and extensors}: applied mainly to limbs. Flexor bends one part relative to another about limb, extensor straightens it. 

{\bfseries Adductor and abductor}: adductor draws a limb toward the ventral surface. Abductor moves limb away from ventral surface. (Adduct: drawn toward; abduct: carry away).
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Functions to break down food into molecules small enough to absorb, or pass across digestive membrane.

{\bfseries Digestive tract}: tube extending from lips of mouth to anus or
cloacae in bird, reptile or monotreme.

{\bfseries Lumanal glands}: empty into inner body cavity (lumen: inner surface).

Tract divided into three main regions:
1. buccal cavity
2. pharynx{\mbox{$~$}}
3. alimentary canal

Alimentary canal divided into four regions:
1. esophagus
2. stomach
3. small intestine{\mbox{$~$}}
4. large intestine

{\bfseries Accessory digestive glands}, outside digestive tract proper, secrete
into lumen of tract through ducts. Includes the {\bfseries salivary glands}, {\bfseries liver}
and {\bfseries pancreas}.

{\bfseries Buccal cavity}, which includes {\bfseries palate} and {\bfseries tongue},
develops from infolding of {\bfseries stomadeum}, or second opening of blastula,
whereas the rest of the digestive tract develops from the {\bfseries primitive}
gut{\bfseries .}

{\bfseries Teeth}: capture and hold prey. In mammals in particular further
process and break down food into small particles, increasing surface area available for enzymatic action.

{\bfseries Tooth anatomy}:
1. {\bfseries crown} projects above gum,
2. {\bfseries root} below gum,
3. {\bfseries enamel} is outer coating of crown, hardest surface in body,
of epideral origin
4. {\bfseries dentin}, below enamel, bone-{}like and forms bulk of tooth,
is harder than bone and contains nerves and blood vessels. (Remember that mammals are {\bfseries heterodontic}, with different types of teeth).

{\bfseries Pharynx}: air passage for adult, gill slits in embryo. Important
in lower vertebrates, site of gills. Features derived from {\bfseries pharyngeal}
region: first pharyngeal pouch gives rise to parts of the ear, other pouches
give rise to various other structures.

{\bfseries Alimentary canal}: epithelium lines lumen, glands secrete into
lumen, longitudinal and circular muscles help digestive movements ({\bfseries peristalsis}).

{\bfseries Esophagus}: tube carries food from mouth to stomach. Expands to
fit large {\bfseries bolus} (lump of chewed food). Secretes mucus for lubrication.
Birds have {\bfseries crop} for storage, enlargement of esophagus.

{\bfseries Epiglottis}: keeps food out of air tube, an evolutionary â��kludge,â��
or fix.

{\bfseries Stomach}. Absorbs water, alcohol, nutrients, uses gastric juice
with enzymes, mucous, HCl, released by {\bfseries chief} and {\bfseries parietal cells}
(release protein enzymes) in gastric pits. {\bfseries Rugae}: folds of stomach,
disappear when full. {\bfseries Sphincter} at both ends of stomach, control
food passage.

{\bfseries Chyme}: semi-{}digested food released to small intestine.

{\bfseries Small intestine}: three regions, {\bfseries duodenum}, {\bfseries jejunum},
and {\bfseries ileum}.

{\bfseries Duodenum} site of most intestinal digestion. {\bfseries Jejunum} and
{\bfseries ileum} do most of intestinal absorption. Ileum ends with another
sphincter, {\bfseries ileocolic valve} or ileosecal valve. Structure: Circular
folds covered with {\bfseries villi} (singular is villus).

{\bfseries Villi}: finger-{}like cellular projections, covered with {\bfseries microvilli},
tiny projections which increase surface area. Increases surface area by
900x, speeds {\bfseries digestion} (break down) and {\bfseries absorption} (taking
in nutrients).

{\bfseries Large intestine}: larger diameter, shorter length than small intestine.
No villi. In mammals, forms large gentle loop, colon, empties into straight
region, rectum, empties into outside world through anal sphincter. Colon:
absorbs water left over, also absorbs vitamins released by bacteria which
live there (vitamin K).

{\bfseries Food}: made up of 1. {\bfseries proteins}, 2. {\bfseries fats}, 3. {\bfseries carbohydrates} 4. {\bfseries fibrous material}.

Digestive system breaks foods down. {\bfseries Proteins} must be broken to
{\bfseries amino acids} to be absorbed. {\bfseries Polysaccharides} to {\bfseries monosaccharides},
{\bfseries lipids} to {\bfseries fatty acids} and {\bfseries monoglycerides} to absorb.

{\bfseries Salivary glands} in mouth, saliva contains mucous, salt and a
few enzymes (amalase, begins starch breakdown). Snake venom from oral gland,
mixture of toxins and digestive enzymes. Breaks down blood vessels and
disables nervous system.

{\bfseries Stomach enzymes}: released in inactive form, {\bfseries zymogene},
converts to active form in lumen of gut. Transformation is triggered by
another enzyme, or the stomachâ��s low pH. {\bfseries Pepsin} secreted as {\bfseries pepsinogen}
(-{}ogen means primitive form). Stomach glands secrete up to two or three
liters a day of gastric juice, which is reabsorbed.

{\bfseries Chyme} released to {\bfseries duodenum}.

{\bfseries Small intestine} has two major accessory glands:
1. {\bfseries pancreas}
2. {\bfseries liver}

{\bfseries Pancreas} has {\bfseries  endocrine} and {\bfseries exocrine} functions, releases
large amounts of carbonate to neutralize acidic chyme, as intestinal enzymes
work in neutral pH, and stuff to break down lipids and starch (zymogens,
like tripsin)

{\bfseries Liver} releases {\bfseries bile}. Bile made from cholesterol, stored
in {\bfseries gall bladder}, released in duodenum, emulsifies fats.{\bfseries }

{\bfseries Emulsify}: keeps fats in tiny drops, which are suspended, increasing
surface area and action of lipases. Protein and carbohydrates absorbed in intestine,
taken to liver for processing. Fatty acids go to lymphatic system

{\bfseries Appendix}: vestigial remnant. Much variation in digestive systems
within mammals: herbivore, carnivore, insectivore, non-{}ruminant herbivore.

{\bfseries Rumen}: four-{}chambered stomach of animals like cows (ruminant
herbivores). Cellulose resistant to digestion, rely on microorganisms to
break down cellulose. Some bacteria, protists and fungi can break down
cellulose, almost no animals can. Bacteria break down cellulose in rumen,
to be taken back to the mouth to chew their cud (ruminate). Later cow swallows
to proceed with digestion. (Horses not like this).

{\bfseries Coprophagy}: rabbits and other animals eat their own feces for the nutritious
products of the cecum.





\label{376}
\LaTeXNullTemplate{}\chapter{Circulatory system}

\myminitoc
\label{377}

{\bfseries Circulatory system functions}

1. {\bfseries Transportation}$\text{ }$\newline{}
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}a.$\text{ }${}Respiration:$\text{ }${}gas$\text{ }${}exchange$\text{ }${}(O2$\text{ }${}and$\text{ }${}CO2),$\text{ }${}overcomes$\text{ }${}limited$\text{ }${}rate$\text{ }$\newline{}
$\text{ }${}of}

diffusion$\text{ }$\newline{}
\\

\TemplateSpaceIndent{$\text{ }${}$\text{ }${}b.$\text{ }${}Nutrition:<{}br>{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}c.$\text{ }${}Excretory:$\text{ }${}(remove$\text{ }${}metabolic$\text{ }${}wastes)<{}br>{}}

2. {\bfseries Regulation}$\text{ }$\newline{}
\\
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$\text{ }${}$\text{ }${}c.$\text{ }${}Protection<{}br>{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}i.$\text{ }${}$\text{ }${}Blood$\text{ }${}clotting<{}br>{}$\text{ }$\newline{}
$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}$\text{ }${}ii.$\text{ }${}$\text{ }${}Immune$\text{ }${}system$\text{ }${}(carries$\text{ }${}white$\text{ }${}blood$\text{ }${}cells)}


{\bfseries Vasodilation}: allows heat loss across epidermis, as seen in elephant
ears, takes more blood to surface of body, sweating may accompany

{\bfseries Countercurrent heat exchange}: used by dolphins in fins to conserve
heat in cold water. Veins surround an artery, and blood returning to body
absorbs heat from blood traveling out from body to fin, minimizing heat
loss. Used by dogs in feet, etc.

Blood made of
1. {\bfseries plasma} and
2. {\bfseries formed cellular elements} (red and white blood cells, and
platelets).

Plasma makes up 55\% of blood volume.  Cellular elements make up the other 45\%.

{\bfseries Plasma makeup}: 90\% water, 7-{}8\% soluble proteins ({\bfseries albumin}
maintains blood osmotic integrity, others clot, etc.) 1\% electrolytes 1\%
elements in transit

{\bfseries Red blood cell} ({\bfseries erythrocyte}): contains {\bfseries hemoglobin},
functions in oxygen transport. In mammals, red blood cells lose nuclei
on maturation, and take on biconcave, dimpled, shape. No self repair, live
120 days. About 1000x more red blood cells than white blood cells. About
7-{}8 micrometers in diameter.

{\bfseries Hematocrit}: proportion of blood volume that is occupied by cells, about
43\% in humans on average.  48\% for men and 38\% for women.

{\bfseries White blood cells} ({\bfseries leukocytes}): Nucleated, about 10-{}14
micrometers in diameter, commonly amoeboid, escape circulatory system in
capillary beds. Include basophils, eosinophils, neutrophils, monocytes,
B-{} and T-{}cell lymphocytes.

{\bfseries Platelets} ({\bfseries thrombocytes}) Membrane bound cell fragments in mammals, no nucleus.
In non-{}mammals, platelet role replaced by nucleated cells. Accumulate at
site of broken blood vessels, form clots. Bud off special cells in bone
marrow. 1-{}2 micrometers in diameter. 7-{}8 day life span, 1/10 or 1/20 as
abundant as white blood cells.

{\bfseries Arteries}: carry blood {\bfseries away} from heart. Smallest tubes
called {\bfseries arterioles}, feed blood to capillaries.

{\bfseries Veins}: return blood to heart. Smallest veins called {\bfseries venules}.

Structure of arteries and veins, listed from inside (lumen) out:
1. {\bfseries epithelium} (endothelium),
2. {\bfseries elastic connective tissue fibers},
3. {\bfseries smooth muscle},
4. {\bfseries connective tissue}. Arteries have thicker elastic layer than
do veins.

{\bfseries Capillaries}, where exchange of materials occurs, are very thin
and narrow, and red blood cells pass through single file. Capillaries are
tiny but numerous, and their total volume is greater than that of supplying
arteries.

Blood velocity drops in capillaries, picks back up in veins. Pressure
highest in arteries, lower in capillaries and arteries.

Osmotic pressure draws interstitial fluid from blood in arterioles,
but replaces it in venules.

{\bfseries One-{}way valves} mean that blood can flow only one way, works with
residual blood pressure and compression by skeletal muscles. Low pressure
in thoracic cavity caused by breathing also helps move blood.
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{\bfseries Lymphatic system}: part of the immune system, a one-{}way, or {\bfseries open}, system. Takes up {\bfseries interstitial fluid} not taken up by venules.

{\bfseries Lymphatic structures}:$\text{ }$\newline{}

1. lymphatic {\bfseries capillaries}$\text{ }$\newline{}

2. lymphatic {\bfseries vesicles}$\text{ }$\newline{}

3. {\bfseries lymph nodes}$\text{ }$\newline{}

4. lymphatic {\bfseries organs} ({\bfseries spleen} and {\bfseries thymus})

{\bfseries Lymph}: movement in mammals through one-{}way valves, similar to blood movement in veins. (Some non-{}mammals have lymphatic hearts of unknown embryonic origin. Frogs and salamanders have several.) Lymph rejoins cardiovascular system into a large vein near the heart via single large thoracic duct.

As lymph passes through system, passes {\bfseries lymphocytes}, second part of immune system.

{\bfseries Heart}: pumps blood, design varies between animals. In adult mammal,four chambers form two separate circulations$\text{ }$\newline{}

1. {\bfseries pulmonary circulation} to and from lungs and$\text{ }$\newline{}

2. {\bfseries systemic circulation} to and from tissues of body.

Everything in the heart comes in pairs: 2 atria, 2 ventricles (left and right).

Diagrams usually drawn as though animal were on its back.

{\bfseries Pattern of blood flow through heart}: blood returning from {\bfseries major veins} (vena cava) enters right {\bfseries atrium}, contraction there delivers blood to right {\bfseries ventricle} through a {\bfseries tricuspid valve}, one of atrial ventricular valves (AV valve). Contraction of right ventricle drives blood through {\bfseries semi lunar valve} into {\bfseries pulmonary circuit} and to {\bfseries lungs}.Blood return to heart in {\bfseries pulmonary veins}, is oxygenated. Goes to left {\bfseries atrium}, which contracts and delivers blood to left {\bfseries ventricle}by way of {\bfseries aortic semi-{}lunar valve}, then goes to {\bfseries systemic circulation}.

Both {\bfseries atria} and {\bfseries ventricles} contract in unison, left is more powerful than right (to all system vs. just lungs).

{\bfseries Systole}: heart contraction, {\bfseries diastole}: heart relaxed

{\bfseries Timing of heart contraction}: {\bfseries ventricles} rebound to relaxed shape (diastole), and {\bfseries semi-{}lunar valves} close. Both {\bfseries atria}(singular: atrium) fill with blood coming from pulmonary and systemic circulations.Pressure rises in the atria and blood begins to move into the {\bfseries ventricles}.The atria then contract, forcing more blood into the ventricles. There is a pause, then ventricles contract. This raises ventricle pressure, {\bfseries atrio-{}ventricular(AV) valves} shut and semi-{}lunar valves open, forcing blood from the left ventricle into the major arteries and from the right ventricle into the {\bfseries aorta}.

Control for this action doesnâ��t rely on nervous stimulation, has intrinsic rhythmicity, called {\bfseries myogenic}. This is the case in mammal as well as in mollusk hearts. Other animals have {\bfseries neurogenic} hearts that rely on nervous stimulation for heart action, originating in the {\bfseries cardiac ganglion}.

The rhythmicity of mammalian heart relies on the {\bfseries sino-{}atrial (SA)node}, or pacemaker. This is a {\bfseries phylogenic} (based on evolutionary history) remnant of an early vertebrate heart that had one more chamber than modern hearts.

{\bfseries How the heart contracts}: waves of {\bfseries depolarization} start in {\bfseries SA node} and spread through {\bfseries atria}. Connectile tissue pauses the spread of depolarization at the atrial ventricular node. Signal continued by {\bfseries bundle branches }to {\bfseries lower ventricle}, begins to stimulate heart to contract. Contraction starts at bottom of heart at {\bfseries heart apex},then signals spread through heart.

{\bfseries Medulla} (in the brain) controls autonomic nervous system. (The medulla is part of the brain, is continuous with the spinal cord, and controls involuntary actions of the body). {\bfseries Sympathetic cardiac accelerator}connects to {\bfseries spinal cord}, uses {\bfseries norepinephrine} to signal. {\bfseries Parasympathetic cardio-{}inhibitory center} reaches heart through {\bfseries Vagus nerve}, uses{\bfseries acetylcholine} to signal. Hyperpolarizes membrane to inhibit heart contraction. (Autonomic nervous system: two parts working in contra to control from both sides.) Dominant effect here is {\bfseries inhibitory}. If we cut Vagus nerve, heart rate promptly rises about 25 bpm.
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In humans and other animals, for example, the anatomical features of the respiratory system include {\bfseries airways}, {\bfseries lungs}, and the respiratory muscles.

Other animals, such as insects, have respiratory systems with very simple anatomical features, and in amphibians even the skin plays a vital role in gas exchange.

Plants also have respiratory systems but the directionality of gas exchange can be opposite to that in animals. The respiratory system in plants also includes anatomical features such as holes on the undersides of leaves known as {\bfseries stomata}.

In mammals, the {\bfseries diaphragm} divides the body cavity into the
\\
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{\bfseries Respiratory tree}: terminates in alveolus, alveoli. Respiratory bronchioles branch into alveolar ducts and into alveoli. Alveolus: microscopic air sacs, 300 million of these in human lungs. Total surface area large. Gas diffuses micrometer, very tiny distance.
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{\bfseries Nervous System}

Composed of tissues designed to integrate sensory information and direct a coordinated response to the environment.

Basic unit of the nervous system is the \myhref{http://en.wikipedia.org/wiki/Neuron}{ neuron}, a highly specialized cell that uses both electrical and chemical processes to communicate. Neurons \symbol{34}listen\symbol{34} to sensory organs or other neurons, and can simultaneously \symbol{34}hear\symbol{34} from 1 to hundreds of inputs simultaneously. Likewise, a neuron can \symbol{34}talk\symbol{34} to other neurons or cells that can create an action, like muscle cells or glands.

Neurons are outnumbered in the nervous system by {\itshape glia}. Glia were once thought to only play a supportive role in helping neurons survive; today we know that they also are important participants in the communication process. Glial cells include astrocytes, ependymal cells, and a cell that has a macrophage like function. There are also oligodendocytes and Schwann cells that provide a myelin sheath.
\section{Neuron structure}
\label{382}


\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/9.\SVGExtension}
\end{center}
\raggedright{}\myfigurewithcaption{9}{Neuron}
\end{minipage}\vspace{0.75cm}


\begin{myitemize}
\item{} Dendrite will receive information from other axons
\item{} Stoma is the neuron body and contains typical cell parts including the mitochondria and nucleus. This is where neurotransmitters are synthesized.
\item{} Axon hillock is where the cell body and the axon meet.
\item{} Axon is surrounded by myelin.
\begin{myitemize}
\item{} Contains nodes of Ranvier
\end{myitemize}

\end{myitemize}


Types of axons include unipolar, bipolar, pseudopolar.

Action potentials results from excitatory stimuli received from the dendrites that results in a signal that travels down the axon. On the cellular level, there is a Na+ influx via channels causing a depolarization of the cell. Once those channels close, the slower opening K+ channels will open resulting in hyperpolarization by the cell.  

Synapses

Neurotransmitters allow a chemical signal to be sent from one neuron to the other. Neurotransmitters must bypass a physical gap called the synapse. Examples of neurotransmitters include acetylcholine, epinephrine, and glutamate.

Example : Neuromuscular synapses

Circuits / Nuclei / Ganglia
\section{Central nervous system}
\label{383}
Central nervous system includes the brain and the spinal cord.

Brain
There are four lobes of the brain.
\begin{myitemize}
\item{} Frontal lobe -{} decision making 
\item{} Parietal lobe
\item{} Temporal lobe
\item{} Occipital lobe -{} vision
\end{myitemize}


The areas of the brain are also dedicated to different functions.
\begin{myitemize}
\item{} Precentral gyrus
\item{} Postcentral gyrus
\end{myitemize}


Protection
The CNS is protected by three layers -{} the pia mater, the arachnoid mater, and the dura mater. Protection also comes from the circulation of cerebral spinal fluid (CSF). CSF helps to float the brain and also provide nutrients to both the brain and the spinal cord. CSF is synthesized from the choroid plexus of the lateral ventricles. In total, there are four ventricles -{} 2 lateral ventricles, a 3rd, and 4th ventricle.
\section{Peripheral nervous system}
\label{384}
The peripheral nervous system is broken down into two sub-{}systems, the somatic nervous system and the autonomic nervous system.

ANS -{} Autonomic Nervous System
The ANS has two components -{} parasympathetic and sympathetic. 

The sympathetic nervous system is the \symbol{34}fight or flight\symbol{34} or fright response and results in an increased heart rate, increased rate of breathing, and an elevated blood glucose level. There is also decreased digestion. The second neurotransmitter is epinephrine. In this case, the first neuron is short and the second neuron is long. 

The parasympathetic nervous system is the rest and digest system. 

Drugs must be able to pass the blood brain barrier to have an effect on the CNS. Drugs act by affecting the neuron and how likely it is to fire an action potential.

Stroke occurs when there is a blood clot that goes to the brain and prevent blood flow.
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Categorized by$\text{ }$\newline{}

\begin{myenumerate}
\item{}  {\bfseries nature of stimulus}, such as {\bfseries mechanical}, {\bfseries chemical}or {\bfseries light} stimulus, and$\text{ }$\newline{}

\item{}  {\bfseries where stimulus received}, such as {\bfseries outside} ({\bfseries exteroceptors},such as the {\bfseries eye} and {\bfseries skin temp receptors}) or {\bfseries inside}body ({\bfseries interoceptors}, such as {\bfseries blood body temperature receptors}).
\end{myenumerate}


{\bfseries Transduction} of sensory input into signal. Means to â��carry acrossâ��,signal transduced, or carried, from environment into nervous signal.

Three sensory processes we cover$\text{ }$\newline{}

\begin{myenumerate}
\item{}  {\bfseries taste} and {\bfseries smell} (chemoreception)$\text{ }$\newline{}

\item{}  {\bfseries gravity} and {\bfseries movement}{\mbox{$~$}}$\text{ }$\newline{}

\item{}  {\bfseries light}
\end{myenumerate}

\section{Taste and smell (chemoreception)}
\label{387}
Found in mammal nose and mouth, fly feet, fish bodies, moth antennae.

Papilla: bumps on tongue, contain taste buds down between. Sweet, sour, salty and bitter. Some act directly by ion channels, others act indirectly.  Other â��tasteâ�� sensations really smell.

Smell: received in {\bfseries nasopharynx}. Airborne molecules go into solution on moist epithelial surface of nasal passage. Approximately 1000 genescode for sensory neuron receptors. â��Fried onionsâ�� odor not one receptor but a mixture of many odors registered in our mind as one. Very sensitive, habituates rapidly (donâ��t notice a smell after a bit). Odor sensation has relatively unfiltered root to higher brain centers.

Snakes more chemosensory focused than us.
\section{Response to gravity and movement}
\label{388}
Registered in {\bfseries inner ear}. Three semicircular canals loop in three planes at right angles to each other, responsible for transduction of movement messages. Method: hair cells deformed by gelatinous membrane. {\bfseries Vestibular apparatus}, gives us perception of gravity and movement. Due to {\bfseries physical response}, not chemical binding.

{\bfseries Cochlea}: bony, coil shaped part of inner ear, where hearing occurs.

Sound enters through {\bfseries auditory canal}, vibrates {\bfseries tympanic membrane},moving three bones of middle ear ({\bfseries malleus}, {\bfseries incus}, and {\bfseries stapes})against oval window opening in front of cochlea. Cochlea has three fluid filled ducts, one of these the {\bfseries organ of Corti}. Sound waves in air go to vibration in organ of Corti; fluid tickles {\bfseries hair cells}, which register the movement along {\bfseries basilar membrane} in cochlea. Different sound frequencies move different portions of basilar membrane. Hearing loss due to loss of hair cells.Humans normally smell more than 300 odors in a day(Facts and Truth).

Transduction of sound accomplished throgh {\bfseries physical deformation},not chemical binding.
\section{Vision}
\label{389}
Light enters {\bfseries pupil{\itshape , focused by }}{\itshape lens{\bfseries  onto }retina{\bfseries .}{\bfseries }}

{\bfseries Sclera}: hardened part behind retina.

{\bfseries Optic nerves} and {\bfseries neurons} attached to retina. Blind spot where optic nerve attaches, has no receptors.{\mbox{$~$}}

Two types of photoreceptors$\text{ }$\newline{}

\begin{myenumerate}
\item{}  {\bfseries rods} -{} black and white low-{}light vision, 100 million in each retina in humans.$\text{ }$\newline{}

\item{}  {\bfseries cones} -{} color vision, work best under better illumination. 3 million in each retina.
\end{myenumerate}


{\bfseries Fovia}: region of most acute vision, has most of the cones, few rods.

Transduction process of light to signal a molecular change, to light absorbing molecule called photopigment. Located in outer parts of rods and cones in pigment discs. The rod photopigment is called {\bfseries rhodopsin},cone has three photopigments, called {\bfseries photopsins}. This molecular change initiates pathways to result in action potential in downstream neuron leading to vision center in brain.{\bfseries Parul Godika}

Each of the three photopsins has a different peak of sensitivity: {\bfseries blue},{\bfseries green} or {\bfseries red}, and changes {\bfseries isometric form} (from cisto trans) based on light from a particular wavelength range. Color blindness:inherited lack of one or more types of these cones. Gene carried on X chromosome, therefore more common in men than women.
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\section{Homeostasis}
\label{391}
Is a very important part of everyone\textquotesingle{}s and everything\textquotesingle{}s lives.
Defined as {\bfseries dynamic constancy of internal environment}, maintenance of a relatively stable environment inside an organism usually involving {\bfseries feedback regulation}.

{\bfseries Homeostasis} is maintained in face of
\begin{myenumerate}
\item{}  a {\bfseries varying external environment}, or
\item{}  a {\bfseries non-{}ideal, constant external environment} (as with the penguin).$\text{ }$\newline{}

\end{myenumerate}


Deals with {\bfseries temperature}, {\bfseries pH}, {\bfseries chemical concentrations},{\bfseries pressure}, {\bfseries oxygen levels}.

Occurs through {\bfseries negative feedback loops}.

Various forms: simple thermostat in house turns off heater when above a certain temperature and on when below a certain temperature Involves {\bfseries stimulus}, {\bfseries sensor},{\bfseries integrating center}, {\bfseries effector} and {\bfseries response}.

More efficient control has {\bfseries two sensors} and {\bfseries two effectors}. Can be antagonistic to each other, such as, one cools, the other heats.

Precise control through {\bfseries proportional control}, not all-{}or-{}none, furnace comes on a little bit if the house a bit cold. Examples in humans: vasoconstriction, change in metabolic rate, shivering. Physiological responses for high body temp: blood goes to body surface, sweating, behavioral changes (get out of sun).

{\bfseries Positive feedback loop}: effector increases deviation from set point. Amplifies reaction. Like blood clotting process, uterine contraction during childbirth. Negative feedback must exist at some point for control.
\section{Osmotic environments and regulations}
\label{392}
\begin{myenumerate}
\item{}  {\bfseries Marine invertebrates}
\begin{myenumerate}
\item{}  fully marine invertebrates (not intertidal or estuarine) osmoconformers (set internal environment same as environment, no net flow of ions) in a stenohaline (narrow non-{}changing salt level) environment
\item{}  Coastal, intertidal, estuarine (ion levels fluctuate) invertebrates.Partly osmoconfomers, partly osmoregulators in a euryhaline (wide salt level variation) environment (ex: shore crab, regulates sometimes when salt levels in environment get real low).
\end{myenumerate}

\item{}  {\bfseries Freshwater animals}. Here, environment has lower solute concentrations than do living organisms so water tends to flow in and solutes out.
\begin{myenumerate}
\item{} Freshwater fish (bony) dilute urine, and gills actively take up ions (NaCl)
\item{}  Freshwater invertebrates: same situation as freshwater fish but with different structures
\item{}  Freshwater amphibians: active uptake of salts across their skin
\end{myenumerate}

\item{}  {\bfseries Marine fishes}: Here the environment has a higher solute concentration than does the organism so water tends to flow out and ions in.
\begin{myenumerate}
\item{}  Bony fishes: actively secrete salts (NaCl) across gills, absorb water across gut wall, their kidney (unlike mammalian kidney) is unable to generate concentrated urine so glomerulus is reduced, active tubular secretion of MgSO\textsubscript{4}
\item{}  cartilaginous fishes (and coelacanth): blood retains urea and trimethylamineoxide to increase its osmolality to that of seawater
\end{myenumerate}

\item{}  {\bfseries Terrestrial animals}: here problem is loss of water to a drier environment, and regulation of salt levels.
\begin{myenumerate}
\item{}  water loss adaptations
\item{}  concentrated exception of salts and nitrogenous wastes
\end{myenumerate}

\end{myenumerate}


{\bfseries Hypoosmotic}: having less osmotic potential than nearby fluid

{\bfseries Hyperosmotic}: having more osmotic potential than nearby fluid

{\bfseries Isoosmotic}: having equal osmotic potential than nearby fluid

{\bfseries Glomerulus}: reduces volume of kidney

Fish started in salt water, spread to fresh water, later reinvaded salt-{}water environment.

Terrestrial animal water sources:$\text{ }$\newline{}

1. drinking$\text{ }$\newline{}

2. moist foods$\text{ }$\newline{}

3. from breakdown of metabolic molecules like fats. (Desert kangaroo rats get 90\% of their water from metabolism.)

Secretion of nitrogenous wastes: from metabolism of amino acids, amino group has to be removed in one of three basically interchangeable chemical forms:$\text{ }$\newline{}

1. {\bfseries ammonia} (aquatic life)$\text{ }$\newline{}

2. {\bfseries urea} (mammals)$\text{ }$\newline{}

3. {\bfseries uric acid} (birds)

{\bfseries Ammonia} very toxic, soluble, and cheap to produce. Easy to expel for bony fishes.

{\bfseries Urea}: low toxicity, good solubility, more costly to lose as it contains other groups on it. Must be released in solution, water cost.

{\bfseries Uric acid} (white part of bird poo) low toxicity, insoluble, secreted with little water loss, more costly side groups lost than the others.

{\bfseries Mammalian kidney}: Structure: fist-{}sized organ in lower back. About 1/5 of blood from aorta at any time is passing through kidneys. Blood passes through kidney many times a day.

{\bfseries Nephron}: structural and functional unit of kidney.

{\bfseries Bowmans capsule}: funnel-{}like opening, contains primary filter, the {\bfseries glomerulus}.

{\bfseries Proximal convoluted tubule}: receives stuff from Bowmans capsule.

{\bfseries Loop of Henle}: descends and ascends.

{\bfseries Vasa recta}: capillaries that surround the Loop of Henle.

{\bfseries Glomerulus}: main filter of the {\bfseries nephron}, located within the {\bfseries Bowman\textquotesingle{}s capsule}

Kidney properties and processes important to its function

1. {\bfseries Active transport of solutes} from one fluid to another against a concentration gradient, Na\textsuperscript{+} actively transported out of filtrate by cells of the thick ascending loop of Henley into the interstitial fluid$\text{ }$\newline{}

2. {\bfseries Passive movement of solutes} and water from one fluid to another(down a concentration gradient), movement of water and NaCl out of descending loop of Henley into interstitial fluid.$\text{ }$\newline{}

3. {\bfseries Differential permeability of cells} in different regions of the nephron to movement of water and solutes, ascending thick look is impermeable to water, descending portion is permeable to water$\text{ }$\newline{}

4. {\bfseries Hormonal control of that permeability}, antidiuretic hormone(ADH) increases permeability of collecting due to water, resulting in reduced volume of filtrate and thus more concentrated urine.$\text{ }$\newline{}

5. {\bfseries Increasing solute concentration in the interstitial fluid of the kidney}, from the cortex to the deepest medulla, maintained by a countercurrent multiplier mechanism
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\begin{myitemize}
\item{} \myhref{http://en.wikipedia.org/wiki/Francis\%20Crick}{Francis Crick} {\itshape chemist and molecular biologist, discovered structure of DNA molecule}
\item{} \myhref{http://en.wikibooks.org/wiki/General\%20Biology\%2FGallery\%20of\%20Biologists\%2FCharles\%20Darwin}{Charles Darwin} {\itshape the father of the science of evolutionary biology}
\item{} \myhref{http://en.wikipedia.org/wiki/Richard\%20Dawkins}{Richard Dawkins} {\itshape zoologist and biology populariser}
\item{} \myhref{http://en.wikipedia.org/wiki/Stephen\%20Jay\%20Gould}{Stephen Jay Gould} {\itshape paleontologist and science populariser}
\item{} \myhref{http://en.wikipedia.org/wiki/J.B.S.\%20Haldane}{J.B.S. Haldane} {\itshape geneticist and evolutionary biologist, founded population genetics and the modern synthesis}
\item{} \myhref{http://en.wikipedia.org/wiki/William\%20Hamilton}{Bill Hamilton} {\itshape formulated theory of inclusive fitness and kin selection}
\item{} \myhref{http://en.wikipedia.org/wiki/Thomas\%20Huxley}{Thomas Huxley} {\itshape \symbol{34}Darwin\textquotesingle{}s Bulldog\symbol{34}, early evolutionary biologist and science populariser}
\item{} \myhref{http://en.wikipedia.org/wiki/Lynn\%20Margulis}{Lynn Margulis} {\itshape introduced the theory of eukaryotic cell origin through endosymbiosis}
\item{} \myhref{http://en.wikipedia.org/wiki/Barbara\%20McClintock}{Barbara McClintock} {\itshape geneticist and molecular biologist, discovered transposons}
\item{} \myhref{http://en.wikipedia.org/wiki/Gregor\%20Mendel}{Gregor Mendel} {\itshape discovered the basic rules of heredity}
\item{} \myhref{http://en.wikipedia.org/wiki/Ernst\%20Mayr}{Ernst Mayr} {\itshape evolutionary biologist and science populariser}
\item{} \myhref{http://en.wikipedia.org/wiki/Mark\%20Ridley}{Mark Ridley} {\itshape science populariser}
\item{} \myhref{http://en.wikipedia.org/wiki/Fred\%20Sanger}{Fred Sanger} {\itshape founder of DNA and protein sequencing techniques}
\item{} \myhref{http://en.wikipedia.org/wiki/John\%20Maynard\%20Smith}{John Maynard Smith} {\itshape evolutionary biologist and science populariser}
\item{} \myhref{http://en.wikipedia.org/wiki/Alfred\%20Russel\%20Wallace}{Alfred Russel Wallace} {\itshape evolutionary biologist}
\item{} \myhref{http://en.wikipedia.org/wiki/James\%20Watson}{James Watson} {\itshape molecular biologist, discovered structure of DNA molecule}
\item{} \myhref{http://en.wikipedia.org/wiki/Edward\%20O.\%20Wilson}{Edward Wilson} {\itshape founded \symbol{34}sociobiology\symbol{34}}
\end{myitemize}


This book is intended as a compilation of biographies describing the lives and work of influential biologists.
\section{External Links}
\label{395}
\begin{myitemize}
\item{} \myhref{http://wiki.cotch.net/index.php/List_of_biologists}{ EvoWiki: List of Biologists}
\end{myitemize}
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\begin{myitemize}
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Autotroph}{Autotroph}}: an organism which can make its own energy
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Cell}{Cell}}: Fundamental structural unit of all living things
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Ether}{Ether}}:
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Eukaryote}{Eukaryote}}: an \myhref{http://en.wikibooks.org/wiki/organism}{organism} with a nucleus
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Exoenzyme}{Exoenzyme}}: an enzyme used to break down \myhref{http://en.wikibooks.org/wiki/organic\%20molecule}{organic molecules} outside the body
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Glycerol}{Glycerol}}: 
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Heterotroph}{Heterotroph}}: an organism which can not make its own energy
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Hydrocarbon}{Hydrocarbon}}: an organic compound that contains \myhref{http://en.wikibooks.org/wiki/Carbon}{carbon} and \myhref{http://en.wikibooks.org/wiki/Hydrogen}{hydrogen} only.
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Lipid}{Lipid}}: \myhref{http://en.wikibooks.org/wiki/fatty\%20acid}{fatty acid} \myhref{http://en.wikibooks.org/wiki/ester}{esters} which form the basis of cell membranes
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Cell\%20nucleus}{Nucleus}}: \myhref{http://en.wikibooks.org/wiki/Membrane}{Membrane}-{}bound \myhref{http://en.wikibooks.org/wiki/organelle}{organelle} which contains the \myhref{http://en.wikibooks.org/wiki/chromosome}{chromosomes}
\item{} {\bfseries \myhref{http://en.wikibooks.org/wiki/Prokaryote}{Prokaryote}}: an organism with no nucleus
\item{} {\bfseries Seed}: 
\item{} {\bfseries Flower}: 
\item{} {\bfseries Tracheid}: 
\item{} {\bfseries Haploid}: A cell with a single set of chromosomes (23 in humans), in humans this is usually in gametes. This is commonly represented by n.
\item{} {\bfseries Diploid}: A cell with two sets of chromosomes (46 in humans). This is commonly represented by 2n.
\item{} {\bfseries Sporangium}:
\end{myitemize}
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The majority of the modules making up this book are based on notes very generously donated by \myhref{http://bgesweb.artscipub.csuohio.edu/faculty/doerder.htm}{ Paul Doerder, Ph.D.} and \myhref{http://bgesweb.artscipub.csuohio.edu/faculty/gibson.htm}{ Ralph Gibson, Ph.D.} both currently of the \myhref{http://www.csuohio.edu/}{ Cleveland State University}.

The book was initiated by \myhref{http://en.wikibooks.org/wiki/User\%3AKarl\%20Wick}{Karl Wick}, who donated many of his own class notes for other modules, and who is fleshing out the outline format of Dr. Doerder\textquotesingle{}s notes into text.\section{Users}
\label{399}
\myhref{http://en.wikibooks.org/wiki/User\%3AAlsocal}{Alsocal}

\myhref{http://en.wikibooks.org/wiki/User\%3Admhessmdphd}{Darren Hess} MD/PhD recent grad, enjoys teaching, hopes to help work up the Nervous System Tissue section.
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\section {GNU GENERAL PUBLIC LICENSE}
\begin{multicols}{4}

Version 3, 29 June 2007

Copyright Â© 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
Preamble

The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share and change all versions of a program--to make sure it remains free software for all its users. We, the Free Software Foundation, use the GNU General Public License for most of our software; it applies also to any other work released this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish), that you receive source code or can get it if you want it, that you can change the software or use pieces of it in new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source code. And you must show them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free software. For both users' and authors' sake, the GPL requires that modified versions be marked as changed, so that their problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' freedom to change the software. The systematic pattern of such abuse occurs in the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to prohibit the practice for those products. If such problems arise substantially in other domains, we stand ready to extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict development and use of software on general-purpose computers, but in those that do, we wish to avoid the special danger that patents applied to a free program could make it effectively proprietary. To prevent this, the GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.
TERMS AND CONDITIONS
0. Definitions.

â��This Licenseâ�� refers to version 3 of the GNU General Public License.

â��Copyrightâ�� also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

â��The Programâ�� refers to any copyrightable work licensed under this License. Each licensee is addressed as â��youâ��. â��Licenseesâ�� and â��recipientsâ�� may be individuals or organizations.

To â��modifyâ�� a work means to copy from or adapt all or part of the work in a fashion requiring copyright permission, other than the making of an exact copy. The resulting work is called a â��modified versionâ�� of the earlier work or a work â��based onâ�� the earlier work.

A â��covered workâ�� means either the unmodified Program or a work based on the Program.

To â��propagateâ�� a work means to do anything with it that, without permission, would make you directly or secondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying a private copy. Propagation includes copying, distribution (with or without modification), making available to the public, and in some countries other activities as well.

To â��conveyâ�� a work means any kind of propagation that enables other parties to make or receive copies. Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays â��Appropriate Legal Noticesâ�� to the extent that it includes a convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is no warranty for the work (except to the extent that warranties are provided), that licensees may convey the work under this License, and how to view a copy of this License. If the interface presents a list of user commands or options, such as a menu, a prominent item in the list meets this criterion.
1. Source Code.

The â��source codeâ�� for a work means the preferred form of the work for making modifications to it. â��Object codeâ�� means any non-source form of a work.

A â��Standard Interfaceâ�� means an interface that either is an official standard defined by a recognized standards body, or, in the case of interfaces specified for a particular programming language, one that is widely used among developers working in that language.

The â��System Librariesâ�� of an executable work include anything, other than the work as a whole, that (a) is included in the normal form of packaging a Major Component, but which is not part of that Major Component, and (b) serves only to enable use of the work with that Major Component, or to implement a Standard Interface for which an implementation is available to the public in source code form. A â��Major Componentâ��, in this context, means a major essential component (kernel, window system, and so on) of the specific operating system (if any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter used to run it.

The â��Corresponding Sourceâ�� for a work in object code form means all the source code needed to generate, install, and (for an executable work) run the object code and to modify the work, including scripts to control those activities. However, it does not include the work's System Libraries, or general-purpose tools or generally available free programs which are used unmodified in performing those activities but which are not part of the work. For example, Corresponding Source includes interface definition files associated with source files for the work, and the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to require, such as by intimate data communication or control flow between those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the unmodified Program. The output from running a covered work is covered by this License only if the output, given its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not convey, without conditions so long as your license otherwise remains in force. You may convey covered works to others for the sole purpose of having them make modifications exclusively for you, or provide you with facilities for running those works, provided that you comply with the terms of this License in conveying all material for which you do not control copyright. Those thus making or running the covered works for you must do so exclusively on your behalf, under your direction and control, on terms that prohibit them from making any copies of your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is not allowed; section 10 makes it unnecessary.
3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws prohibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid circumvention of technological measures to the extent such circumvention is effected by exercising rights under this License with respect to the covered work, and you disclaim any intention to limit operation or modification of the work as a means of enforcing, against the work's users, your or third parties' legal rights to forbid circumvention of technological measures.
4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you receive it, in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices stating that this License and any non-permissive terms added in accord with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty protection for a fee.
5. Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications to produce it from the Program, in the form of source code under the terms of section 4, provided that you also meet all of these conditions:

    * a) The work must carry prominent notices stating that you modified it, and giving a relevant date.
    * b) The work must carry prominent notices stating that it is released under this License and any conditions added under section 7. This requirement modifies the requirement in section 4 to â��keep intact all noticesâ��.
    * c) You must license the entire work, as a whole, under this License to anyone who comes into possession of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the whole of the work, and all its parts, regardless of how they are packaged. This License gives no permission to license the work in any other way, but it does not invalidate such permission if you have separately received it.
    * d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a volume of a storage or distribution medium, is called an â��aggregateâ�� if the compilation and its resulting copyright are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit. Inclusion of a covered work in an aggregate does not cause this License to apply to the other parts of the aggregate.
6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of sections 4 and 5, provided that you also convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

    * a) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily used for software interchange.
    * b) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or customer support for that product model, to give anyone who possesses the object code either (1) a copy of the Corresponding Source for all the software in the product that is covered by this License, on a durable physical medium customarily used for software interchange, for a price no more than your reasonable cost of physically performing this conveying of source, or (2) access to copy the Corresponding Source from a network server at no charge.
    * c) Convey individual copies of the object code with a copy of the written offer to provide the Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if you received the object code with such an offer, in accord with subsection 6b.
    * d) Convey the object code by offering access from a designated place (gratis or for a charge), and offer equivalent access to the Corresponding Source in the same way through the same place at no further charge. You need not require recipients to copy the Corresponding Source along with the object code. If the place to copy the object code is a network server, the Corresponding Source may be on a different server (operated by you or a third party) that supports equivalent copying facilities, provided you maintain clear directions next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure that it is available for as long as needed to satisfy these requirements.
    * e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the object code and Corresponding Source of the work are being offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System Library, need not be included in conveying the object code work.

A â��User Productâ�� is either (1) a â��consumer productâ��, which means any tangible personal property which is normally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into a dwelling. In determining whether a product is a consumer product, doubtful cases shall be resolved in favor of coverage. For a particular product received by a particular user, â��normally usedâ�� refers to a typical or common use of that class of product, regardless of the status of the particular user or of the way in which the particular user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of whether the product has substantial commercial, industrial or non-consumer uses, unless such uses represent the only significant mode of use of the product.

â��Installation Informationâ�� for a User Product means any methods, procedures, authorization keys, or other information required to install and execute modified versions of a covered work in that User Product from a modified version of its Corresponding Source. The information must suffice to ensure that the continued functioning of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and the conveying occurs as part of a transaction in which the right of possession and use of the User Product is transferred to the recipient in perpetuity or for a fixed term (regardless of how the transaction is characterized), the Corresponding Source conveyed under this section must be accompanied by the Installation Information. But this requirement does not apply if neither you nor any third party retains the ability to install modified object code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the User Product in which it has been modified or installed. Access to a network may be denied when the modification itself materially and adversely affects the operation of the network or violates the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in a format that is publicly documented (and with an implementation available to the public in source code form), and must require no special password or key for unpacking, reading or copying.
7. Additional Terms.

â��Additional permissionsâ�� are terms that supplement the terms of this License by making exceptions from one or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as though they were included in this License, to the extent that they are valid under applicable law. If additional permissions apply only to part of the Program, that part may be used separately under those permissions, but the entire Program remains governed by this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option remove any additional permissions from that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain cases when you modify the work.) You may place additional permissions on material, added by you to a covered work, for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add to a covered work, you may (if authorized by the copyright holders of that material) supplement the terms of this License with terms:

    * a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or
    * b) Requiring preservation of specified reasonable legal notices or author attributions in that material or in the Appropriate Legal Notices displayed by works containing it; or
    * c) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such material be marked in reasonable ways as different from the original version; or
    * d) Limiting the use for publicity purposes of names of licensors or authors of the material; or
    * e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or
    * f) Requiring indemnification of licensors and authors of that material by anyone who conveys the material (or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that these contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered â��further restrictionsâ�� within the meaning of section 10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License along with a term that is a further restriction, you may remove that term. If a license document contains a further restriction but permits relicensing or conveying under this License, you may add to a covered work material governed by the terms of that license document, provided that the further restriction does not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a statement of the additional terms that apply to those files, or a notice indicating where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or stated as exceptions; the above requirements apply either way.
8. Termination.

You may not propagate or modify a covered work except as expressly provided under this License. Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (including any patent licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, you do not qualify to receive new licenses for the same material under section 10.
9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propagation of a covered work occurring solely as a consequence of using peer-to-peer transmission to receive a copy likewise does not require acceptance. However, nothing other than this License grants you permission to propagate or modify any covered work. These actions infringe copyright if you do not accept this License. Therefore, by modifying or propagating a covered work, you indicate your acceptance of this License to do so.
10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance by third parties with this License.

An â��entity transactionâ�� is a transaction transferring control of an organization, or substantially all assets of one, or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity transaction, each party to that transaction who receives a copy of the work also receives whatever licenses to the work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession of the Corresponding Source of the work from the predecessor in interest, if the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License. For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this License, and you may not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.
11. Patents.

A â��contributorâ�� is a copyright holder who authorizes use under this License of the Program or a work on which the Program is based. The work thus licensed is called the contributor's â��contributor versionâ��.

A contributor's â��essential patent claimsâ�� are all patent claims owned or controlled by the contributor, whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License, of making, using, or selling its contributor version, but do not include claims that would be infringed only as a consequence of further modification of the contributor version. For purposes of this definition, â��controlâ�� includes the right to grant patent sublicenses in a manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor's essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the contents of its contributor version.

In the following three paragraphs, a â��patent licenseâ�� is any express agreement or commitment, however denominated, not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent infringement). To â��grantâ�� such a patent license to a party means to make such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work is not available for anyone to copy, free of charge and under the terms of this License, through a publicly available network server or other readily accessible means, then you must either (1) cause the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3) arrange, in a manner consistent with the requirements of this License, to extend the patent license to downstream recipients. â��Knowingly relyingâ�� means you have actual knowledge that, but for the patent license, your conveying the covered work in a country, or your recipient's use of the covered work in a country, would infringe one or more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work authorizing them to use, propagate, modify or convey a specific copy of the covered work, then the patent license you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is â��discriminatoryâ�� if it does not include within the scope of its coverage, prohibits the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this License. You may not convey a covered work if you are a party to an arrangement with a third party that is in the business of distributing software, under which you make payment to the third party based on the extent of your activity of conveying the work, and under which the third party grants, to any of the parties who would receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered work conveyed by you (or copies made from those copies), or (b) primarily for and in connection with specific products or compilations that contain the covered work, unless you entered into that arrangement, or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to infringement that may otherwise be available to you under applicable patent law.
12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work so as to satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty for further conveying from those to whom you convey the Program, the only way you could satisfy both those terms and this License would be to refrain entirely from conveying the Program.
13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work with a work licensed under version 3 of the GNU Affero General Public License into a single combined work, and to convey the resulting work. The terms of this License will continue to apply to the part which is the covered work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction through a network will apply to the combination as such.
14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of the GNU General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version of the GNU General Public License â��or any later versionâ�� applies to it, you have the option of following the terms and conditions either of that numbered version or of any later version published by the Free Software Foundation. If the Program does not specify a version number of the GNU General Public License, you may choose any version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Program.

Later license versions may give you additional or different permissions. However, no additional obligations are imposed on any author or copyright holder as a result of your choosing to follow a later version.
15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM â��AS ISâ�� WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil liability in connection with the Program, unless a warranty or assumption of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most effectively state the exclusion of warranty; and each file should have at least the â��copyrightâ�� line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate parts of the General Public License. Of course, your program's commands might be different; for a GUI interface, you would use an â��about boxâ��.

You should also get your employer (if you work as a programmer) or school, if any, to sign a â��copyright disclaimerâ�� for the program, if necessary. For more information on this, and how to apply and follow the GNU GPL, see <http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program into proprietary programs. If your program is a subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you want to do, use the GNU Lesser General Public License instead of this License. But first, please read <http://www.gnu.org/philosophy/why-not-lgpl.html>.
\end{multicols}

\section{GNU Free Documentation License}
\begin{multicols}{4}

Version 1.3, 3 November 2008

Copyright Â© 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose is instruction or reference.
1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

The "publisher" means any person or entity that distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this License.
2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide you with an updated version of the Document.
4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

    * A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version gives permission.
    * B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this requirement.
    * C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
    * D. Preserve all the copyright notices of the Document.
    * E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
    * F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this License, in the form shown in the Addendum below.
    * G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.
    * H. Include an unaltered copy of this License.
    * I. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.
    * J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.
    * K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given therein.
    * L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered part of the section titles.
    * M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.
    * N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
    * O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various partiesâ��for example, statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply endorsement of any Modified Version.
5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements".
6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into the extracted document, and follow this License in all other respects regarding verbatim copying of that document.
7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of a copy of some or all of the same material does not give you any rights to use it.
10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the Free Software Foundation. If the Document specifies that a proxy can decide which future versions of this License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World Wide Web server that publishes copyrightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody can edit is an example of such a server. A "Massive Multiauthor Collaboration" (or "MMC") contained in the site means any set of copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons Corporation, a not-for-profit corporation with a principal place of business in San Francisco, California, as well as future copyleft versions of that license published by that same organization.

"Incorporate" means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is "eligible for relicensing" if it is licensed under this License, and if all works that were first published under this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1) had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.
ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices just after the title page:

    Copyright (C)  YEAR  YOUR NAME.
    Permission is granted to copy, distribute and/or modify this document
    under the terms of the GNU Free Documentation License, Version 1.3
    or any later version published by the Free Software Foundation;
    with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
    A copy of the license is included in the section entitled "GNU
    Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with â�¦ Texts." line with this:

    with the Invariant Sections being LIST THEIR TITLES, with the
    Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software license, such as the GNU General Public License, to permit their use in free software.
\end{multicols}

\section{GNU Lesser General Public License}
\begin{multicols}{4}


GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright Â© 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms and conditions of version 3 of the GNU General Public License, supplemented by the additional permissions listed below.
0. Additional Definitions.

As used herein, â��this Licenseâ�� refers to version 3 of the GNU Lesser General Public License, and the â��GNU GPLâ�� refers to version 3 of the GNU General Public License.

â��The Libraryâ�� refers to a covered work governed by this License, other than an Application or a Combined Work as defined below.

An â��Applicationâ�� is any work that makes use of an interface provided by the Library, but which is not otherwise based on the Library. Defining a subclass of a class defined by the Library is deemed a mode of using an interface provided by the Library.

A â��Combined Workâ�� is a work produced by combining or linking an Application with the Library. The particular version of the Library with which the Combined Work was made is also called the â��Linked Versionâ��.

The â��Minimal Corresponding Sourceâ�� for a Combined Work means the Corresponding Source for the Combined Work, excluding any source code for portions of the Combined Work that, considered in isolation, are based on the Application, and not on the Linked Version.

The â��Corresponding Application Codeâ�� for a Combined Work means the object code and/or source code for the Application, including any data and utility programs needed for reproducing the Combined Work from the Application, but excluding the System Libraries of the Combined Work.
1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License without being bound by section 3 of the GNU GPL.
2. Conveying Modified Versions.

If you modify a copy of the Library, and, in your modifications, a facility refers to a function or data to be supplied by an Application that uses the facility (other than as an argument passed when the facility is invoked), then you may convey a copy of the modified version:

    * a) under this License, provided that you make a good faith effort to ensure that, in the event an Application does not supply the function or data, the facility still operates, and performs whatever part of its purpose remains meaningful, or
    * b) under the GNU GPL, with none of the additional permissions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from a header file that is part of the Library. You may convey such object code under terms of your choice, provided that, if the incorporated material is not limited to numerical parameters, data structure layouts and accessors, or small macros, inline functions and templates (ten or fewer lines in length), you do both of the following:

    * a) Give prominent notice with each copy of the object code that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the object code with a copy of the GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that, taken together, effectively do not restrict modification of the portions of the Library contained in the Combined Work and reverse engineering for debugging such modifications, if you also do each of the following:

    * a) Give prominent notice with each copy of the Combined Work that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the Combined Work with a copy of the GNU GPL and this license document.
    * c) For a Combined Work that displays copyright notices during execution, include the copyright notice for the Library among these notices, as well as a reference directing the user to the copies of the GNU GPL and this license document.
    * d) Do one of the following:
          o 0) Convey the Minimal Corresponding Source under the terms of this License, and the Corresponding Application Code in a form suitable for, and under terms that permit, the user to recombine or relink the Application with a modified version of the Linked Version to produce a modified Combined Work, in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.
          o 1) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one that (a) uses at run time a copy of the Library already present on the user's computer system, and (b) will operate properly with a modified version of the Library that is interface-compatible with the Linked Version.
    * e) Provide Installation Information, but only if you would otherwise be required to provide such information under section 6 of the GNU GPL, and only to the extent that such information is necessary to install and execute a modified version of the Combined Work produced by recombining or relinking the Application with a modified version of the Linked Version. (If you use option 4d0, the Installation Information must accompany the Minimal Corresponding Source and Corresponding Application Code. If you use option 4d1, you must provide the Installation Information in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library side by side in a single library together with other library facilities that are not Applications and are not covered by this License, and convey such a combined library under terms of your choice, if you do both of the following:

    * a) Accompany the combined library with a copy of the same work based on the Library, uncombined with any other library facilities, conveyed under the terms of this License.
    * b) Give prominent notice with the combined library that part of it is a work based on the Library, and explaining where to find the accompanying uncombined form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new versions of the GNU Lesser General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library as you received it specifies that a certain numbered version of the GNU Lesser General Public License â��or any later versionâ�� applies to it, you have the option of following the terms and conditions either of that published version or of any later version published by the Free Software Foundation. If the Library as you received it does not specify a version number of the GNU Lesser General Public License, you may choose any version of the GNU Lesser General Public License ever published by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide whether future versions of the GNU Lesser General Public License shall apply, that proxy's public statement of acceptance of any version is permanent authorization for you to choose that version for the Library.
\end{multicols}
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headers/options.tex

% Festlegungen für minitoc
% \renewcommand{\myminitoc}{\minitoc}
% \renewcommand{\mtctitle}{Überblick}
% \setcounter{minitocdepth}{1}
% \dominitoc   % diese Zeile aktiviert das Erstellen der minitocs, sie muss vor \tableofcontents kommen

% Seitenformat
% ------------
%\KOMAoption{paper}{A5}          % zulässig: letter, legal, executive; A-, B-, C-, D-Reihen
\KOMAoption{open}{right}			% zulässig: right (jedes Kapitel beginnt rechts), left, any
\KOMAoption{numbers}{auto}
% Satzspiegel jetzt neu berechnen, damit er bei Kopf- und Fußzeilen beachtet wird
\KOMAoptions{DIV=13}

% Kopf- und Fusszeilen
% --------------------
% Breite und Trennlinie
%\setheadwidth[-6mm]{textwithmarginpar}
%\setheadsepline[textwithmarginpar]{0.4pt}
\setheadwidth{text}
\setheadsepline[text]{0.4pt}

% Variante 1: Kopf: links Kapitel, rechts Abschnitt (ohne Nummer); Fuß: außen die Seitenzahl
\ohead{\headmark}
\renewcommand{\chaptermark}[1]{\markleft{#1}{}}
\renewcommand{\sectionmark}[1]{\markright{#1}{}}
\ofoot[\pagemark]{\pagemark}

% Variante 2: Kopf außen die Seitenzahl, Fuß nichts
%\ohead{\pagemark}
%\ofoot{}

% Standardschriften
% -----------------
%\KOMAoption{fontsize}{18pt}
\addtokomafont{disposition}{\rmfamily}
\addtokomafont{title}{\rmfamily} 
\setkomafont{pageheadfoot}{\normalfont\rmfamily\mdseries}

% vertikaler Ausgleich
% -------------------- 
% nein -> \raggedbottom
% ja   -> \flushbottom    aber ungeeignet bei Fußnoten
%\raggedbottom
\flushbottom

% Tiefe des Inhaltsverzeichnisses bestimmen
% -----------------------------------------
% -1   nur \part{}
%  0   bis \chapter{}
%  1   bis \section{}
%  2   bis \subsection{} usw.
\newcommand{\mytocdepth}{1}

% mypart - Teile des Buches und Inhaltsverzeichnis
% ------------------------------------------------
% Standard: nur im Inhaltsverzeichnis, zusätzlicher Eintrag ohne Seitenzahl
% Variante: nur im Inhaltsverzeichnis, zusätzlicher Eintrag mit Seitenzahl 
%\renewcommand{\mypart}[1]{\addcontentsline{toc}{part}{#1}}
% Variante: mit eigener Seite vor dem ersten Kapitel, mit Eintrag und Seitenzahl im Inhaltsverzeichnis
\renewcommand{\mypart}[1]{\part{#1}}


% maketitle
% -----------------------------------------------
% Bestandteile des Innentitels
%\title{Einführung in SQL}
%\author{Jürgen Thomas}
%\subtitle{Datenbanken bearbeiten}
\date{}
% Bestandteile von Impressum und CR
% Bestandteile von Impressum und CR

\uppertitleback{
%Detaillierte Daten zu dieser Publikation sind bei Wikibooks zu erhalten:\newline{} \url{http://de.wikibooks.org/}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet  zu erhalten: \newline{}\url{https://portal.d-nb.de/opac.htm?method=showSearchForm#top}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet unter der Katalog-Nr. 1008575860 zu erhalten: \newline{}\url{http://d-nb.info/1008575860}

%Namen von Programmen und Produkten sowie sonstige Angaben sind häufig geschützt. Da es auch freie Bezeichnungen gibt, wird das Symbol \textregistered{} nicht verwendet.

%Erstellt am 
\today{}
}

\lowertitleback{
{\footnotesize
On the 28th of April 2012 the contents of the English as well as German Wikibooks and Wikipedia projects were licensed under Creative Commons Attribution-ShareAlike 3.0 Unported license. An URI to this license is given in the list of figures on page \pageref{ListOfFigures}. If this document is a derived work from the contents of one of these projects and the content was still licensed by the project under this license at the time of derivation this document has to be licensed under the same, a similar or a compatible license, as stated in section 4b of the license. The list of contributors is included in chapter Contributors on page \pageref{Contributors}. The licenses GPL, LGPL and GFDL are included in chapter Licenses on page \pageref{Licenses}, since this book and/or parts of it may or may not be licensed under one or more of these licenses, and thus require inclusion of these licenses. The licenses of the figures are given in the list of figures on page \pageref{ListOfFigures}. This PDF was generated by the \LaTeX{} typesetting  software. The \LaTeX{} source code is included as an attachment ({\tt source.7z.txt}) in this PDF file. To extract the source from the PDF file, we recommend the use of \url{http://www.pdflabs.com/tools/pdftk-the-pdf-toolkit/} utility or clicking the paper clip attachment symbol on the lower left of your PDF Viewer, selecting {\tt Save Attachment}. After extracting it from the PDF file you have to rename it to {\tt source.7z}. To uncompress the resulting archive we recommend the use of \url{http://www.7-zip.org/}. The \LaTeX{} source itself was generated by a program written by Dirk Hünniger, which is freely available under an open source license from \url{http://de.wikibooks.org/wiki/Benutzer:Dirk_Huenniger/wb2pdf}. This distribution also contains a configured version of the {\tt pdflatex 
} compiler with all necessary packages and fonts needed to compile the \LaTeX{} source included in this PDF file. 
}}


\renewcommand{\mysubtitle}[1]{}
\renewcommand{\mymaintitle}[1]{}
\renewcommand{\myauthor}[1]{}

\newenvironment{myshaded}{%
  \def\FrameCommand{ \hskip-2pt \fboxsep=\FrameSep \colorbox{shadecolor}}%
  \MakeFramed {\advance\hsize-\width \FrameRestore}}%
 {\endMakeFramed}








headers/packages1.tex

% Standard für Formatierung
%\usepackage[utf8]{inputenc} % use \usepackage[utf8]{inputenc} for tex4ht
\usepackage[usenames]{color}
\usepackage{textcomp} 
\usepackage{alltt} 
\usepackage{syntax}
\usepackage{parskip} 
\usepackage[normalem]{ulem}
\usepackage[pdftex,unicode=true]{hyperref}
\usepackage{tocstyle}
\usepackage[defblank]{paralist}
\usepackage{trace}
\usepackage{bigstrut}
% Minitoc
%\usepackage{minitoc}

% Keystroke
\usepackage{keystroke}
\usepackage{supertabular}

\usepackage{wrapfig}
\newcommand{\bigs}{\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut{}}







headers/packages2.tex

% für Zeichensätze


%replacemnt for pslatex
\usepackage{mathptmx}
\usepackage[scaled=.92]{helvet}
\usepackage{courier}


\usepackage[T1]{fontenc} % disable this line for tex4ht

% für Tabellen
\usepackage{multirow}
\usepackage{multicol}
\usepackage{array,ragged2e}
\usepackage{longtable}

% für Kopf- und Fußzeilen, Fußnoten
\usepackage{scrpage2}
\usepackage{footnote}

% für Rahmen
\usepackage{verbatim}
\usepackage{framed}
\usepackage{mdframed}
\usepackage{listings}
\usepackage{lineno}

% für Symbole
\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsfonts}

\usepackage{pifont}
\usepackage{marvosym}
\let\Cross\undefined 
\usepackage{fourier-orns}  % disable this line for tex4ht   % für weitere Logos, z.B. \danger

% für Grafik-Einbindung
\usepackage[pdftex]{graphicx}
\usepackage{wasysym}
\let\Square\undefined 

% unklare Verwendung
\usepackage{bbm}
\usepackage{skull}

%arabtex
\usepackage[T1]{tipa}  % disable this line for tex4ht

\usepackage{fancyvrb}
\usepackage{bbding} 
\usepackage{textcomp}
\usepackage[table]{xcolor}
\usepackage{microtype}
\usepackage{lscape}
\usepackage{amsthm}
\usepackage{tocstyle}








headers/paper.tex

\KOMAoption{paper}{A4}






headers/svg.tex

\newcommand{\SVGExtension}{png}






headers/templates-chemie.tex

\newcommand{\TemplateEnergieerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Energie}\\ \hline
{\bfseries Albert Einstein (14.3. 1879 - 18.4.1955)}: Umwandlung von Energie in Masse und von Masse in Energie ist möglich.\\ 
$E = m \cdot c^2$ (c = Lichtgeschwindigkeit = 300.000 km/s)\\ \hline
{\bfseries 
Bei einer chemischen Reaktion ist die Summe aus Masse und Energie der Ausgangsstoffe gleich der Summe aus Masse und Energie der Endstoffe.
}\\\hline
Wird Energie frei, tritt ein unwägbar kleiner Massenverlust auf. Wird Energie investiert, tritt Massenzunahme auf. Dieses kann allerdings mit herkömmlichen Waagen nicht gemessen werden. \\ \hline
\end{longtable}
}

\newcommand{\TemplatePeriodensystem}[1]{
Hier sollte das Periodensystem stehen. Ein solches wird sehr wahrscheinlich von Orlando Camargo Rodriguez frei zur Verfügung gestellt werden. Dateiname: tabela_periodica.tex ist bereits online. Lizenz aber noch nicht genau genug definiert.
}

\newcommand{\TemplateMassenerhaltung}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz von der Erhaltung der Masse}\\ \hline
{\bfseries Antoine Lavoisier (1743 - 1794)}: Rien ne se perd, rien ne se crée\\ 
Die Gesamtmasse ändert sich bei chemischen Reaktionen (im Rahmen der Messgenauigkeiten) nicht.\\ \hline
Masse der Ausgangsstoffe=Masse der Produkte \\ \hline
\end{longtable}
}

\newcommand{\TemplateDaltonsAtomhyposthese}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
\begin{enumerate}
\item Materie besteht aus extrem kleinen, bei Reaktion ungeteilt bleibenden Teilchen, den Atomen.
\item Die Masse der Atome eines bestimmten Elements sind gleich (alle Atome eines Elements sind gleich). Die Atome verschiedener Elemente unterscheiden sich in ihren Eigenschaften (zum Beispiel in Größe, Masse, usw.).
\item Es existieren so viele Atomsorten wie Elemente.
\item Bei chemischen Reaktionen werden Atome in neuer Kombination vereinigt oder voneinander getrennt.
\item Eine bestimmte Verbindung wird von den Atomen der betreffenden Elemente in einem bestimmten, einfachen Zahlenverhältnis gebildet.
\end{enumerate}
\\ \hline
\end{longtable}
}

\newcommand{\TemplateUnveraenderlicheMassenverhaeltnisse}[1]{
\begin{longtable}{|>{\RaggedRight}p{\linewidth}|} \hline
{\bfseries Gesetz der unveränderlichen Massenverhältnisse}\\ \hline
Louis Proust (1799) \\ \hline
Bei chemischen Reaktionen, also Vereinigung beziehungsweise Zersetzung, reagieren die Reinstoffe immer in einem von der Natur vorgegebenen festen Verhältnis miteinander.
\\ \hline
\end{longtable}
}







headers/templates-dirk.tex

\newenvironment{TemplateCodeInside}[6]
{
\def\leftbox{#5}
\def\rightbox{}
\def\framecolor{shadecolor}
\ifstr{#4}{e}{ \def\framecolor{red} 
               \def\rightbox{Falsch} } {}
\ifstr{#4}{v}{ \def\framecolor{mydarkgreen} 
               \def\rightbox{Richtig} } {}

\begin{scriptsize}
\begin{mdframed} [ 
backgroundcolor=shadecolor, linewidth=0pt, 
skipabove=#2, skipbelow=#3,
innertopmargin=0.5ex, innerbottommargin=0 ]
\ttfamily

\ifstr{\leftbox} {} {
  % Ausgabe nur, wenn rechte Box Inhalt hat, dann links mit Standardtext
  \ifstr{\rightbox}{}{}
  { \fbox{Quelltext} \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  }
} {
\fbox{\leftbox}
% und bei Bedarf zusätzlich rechts die zweite Box
  \ifstr{\rightbox}{}{}
  { \hfill \textbf{\color{\framecolor} \fcolorbox{black}{white}{\rightbox} }
  } 
}

\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}\end{mdframed}\end{scriptsize} }

\newcommand{\TemplateCode}[9]
% **************************************************
{

\ifstr{#1}{}{~}{
\minisec{\normalfont \scriptsize \centering \textbf{\textit{#1}} \medskip } }

\begin{scriptsize}

% Code-Abschnitt mit #4
\begin{TemplateCodeInside} {} {0pt} {0pt} {#3} {#5} {}
#6
\end{TemplateCodeInside}

% Ausgabetext mit #4
#4
 
% #2   Fußzeile ausgeben, sofern vorgesehen
\ifstr{#2} {} {} { \centering \textit{#2} \medskip \\ } 

\end{scriptsize}
}








headers/templates-juetho.tex

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newenvironment{TemplateCodeInside}[6]
% no more parameters
% **************************************************
% Template Code Inside
% Darstellung eines Code-Teils oder der Code-Ausgabe
% wird für folgende Wiki-Vorlagen benutzt:
%     Vorlage:Syntax
%     <source>...</source>
%     Regal:Programmierung: Vorlage:CodeIntern
% außerdem mehrfache Verwendung durch das Makro "Template Code"
%
% #1  leer   Anzeige als Code:    grauer Hintergrund, ohne Rahmen
%     sonst  Anzeige als Ausgabe: weißer Hintergrund, mit  Rahmen
% #2  Abstand vor dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der erste Teil innerhalb der Umgebung ist
%            und keine Kopfzeile vorgesehen ist
% #3  Abstand nach dem Rahmen
%     0pt    als Standardwert
%     \baselineskip nur dann, wenn es der letzte Teil innerhalb der Umgebung ist
%            und keine Fußzeile vorgesehen ist
% #4  spezieller Hinweis, verwendet für die Zusatzbox rechts
%     leer   als Standardwert
%     e      steht für error, also Zusatz 'Falsch' in rot
%     v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #5  spezieller Text für die Zusatzbox links
%     leer   als Standardwert
%     spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
% #6  Zeilennummerierung *** funktioniert noch nicht, wird vorerst ignoriert ***
%     leer   als Standardwert -> ausschalten
%     true   als Spezialwert  -> einschalten
% **************************************************
% auch wenn die Variablen am Anfang dieser Datei nur lokal überschrieben werden,
% muss zwischen den Variablen von TemplateCode und TemplateCodeInside unterschieden werden.
% In TemplateCode werden die folgenden Variablen benutzt:
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% In TemplateCodeInside werden die folgenden Variablen benutzt:
%      \wbtemplengtha für framelinewidth
%      \wbtemplengthd für innertopmargin
%      \wbtempcolorb  für die Schriftfarbe der rechten Box
% **************************************************
{
% Argumente für Hintergrund und Rahmen definieren
%      \wbtemplengtha für framelinewidth
\definecolor{framebackground}{gray}{0.9}
% Argumente mit Inhalt versehen
% #1 - Standard leer: als Code anzeigen
%        mit Inhalt: als Ausgabe anzeigen
\ifstr{#1}{}{\setlength{\wbtemplengtha}{0pt}}
{ \definecolor{framebackground}{rgb}{1.0,1.0,1.0}   
\setlength{\wbtemplengtha}{1pt}  }

% 2./3.Parameter in Variable übernehmen
%     es gelingt mir nicht, unten #2 und #3 direkt zuzuweisen
%\setlength{\wbtemplengthb}{#2}
%\setlength{\wbtemplengthc}{#3}

% 4./5.Parameter in Variable übernehmen
% der Box für den rechten Rahmen wird der richtige Text und die richtige Farbe zugewiesen
% Standard:     grün, 'Richtig'
% im Fall 'e':  rot,  'Falsch'
\renewcommand{\wbtempcolorb}{mydarkgreen}
\renewcommand{\wbtemptextb}{Richtig}
\ifstr{#4} {e} { \renewcommand{\wbtempcolorb}{red} \renewcommand{\wbtemptextb}{Falsch} } {} 

% Festlegen des oberen inneren Rands:
%    Standard als normaler Zeilenabstand
%    wenn es keine obere Box gibt, dann genügt der Standardabstand
\setlength{\wbtemplengthd}{0pt}
\ifstr{#4}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}
\ifstr{#5}{}{}{\setlength{\wbtemplengthd}{\baselineskip}}

% Aufruf von mdframed mit den festgelegten Parametern
\begin{scriptsize}
%\begin{mdframed} [ backgroundcolor=framebackground, 
%linewidth=\wbtemplengtha, %skipabove=\wbtemplengthb, skipbelow=\wbtemplengthc, 
%splittopskip=5\baselineskip, splitbottomskip=5\baselineskip,
%skipabove=#2, skipbelow=#3, 
%innertopmargin=\wbtemplengthd, innerbottommargin=1ex ]
\begin{shaded}
\ttfamily 
% Anzeige der kleinen Boxen nur dann, wenn eine davon nicht leer ist
\ifstr{#5}{}
% wenn die rechte Box vorgesehen ist und die linke nicht, kommt links der Standardtext
{ \ifstr{#4}{}{}
   {\fbox{Quelltext} \hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}} } 
}
% andernfalls kommt links auf jeden Fall die vorgesehene Box
{  \fbox{#5}
% und bei Bedarf zusätzlich rechts die zweite Box
   \ifstr{#4}{}{}{\hfill \textbf{\color{\wbtempcolorb} \fcolorbox{black}{white}{\wbtemptextb}}}
}

%\ifstr{#6}{true}{\linenumbers[1]}{}
%\begin{lstlisting}
\begin{flushleft}
}  % Ende der begin-Anweisungen, es folgen die end-Anweisungen
{\end{flushleft}
%\end{lstlisting}
%\end{mdframed}
\end{shaded}
\end{scriptsize}}


\newcommand{\TemplateCode}[9]
% no more parameters
% **************************************************
% Template Code
% Darstellung von Code (einzeln oder mehrfach, Kopf- und Fußzeile,
%      mit oder ohne Ausgabe)
% wird für folgende Wiki-Vorlagen benutzt:
%      Regal:Programmierung: Vorlage:Code
%      Regal:Programmierung: Vorlage:NETCode
%      Regal:Programmierung: Vorlage:MultiCode
%
% #1   Inhalt der Kopfzeile
%      kann auch leer sein
% #2   Inhalt der Fußzeile
%      kann auch leer sein
% #3   spezieller Hinweis, verwendet für die Zusatzbox rechts
%      leer   als Standardwert
%      e      steht für error, also Zusatz 'Falsch' in rot
%      v      steht für valid, also Zusatz 'Richtig' in grün (genauer: jeder beliebige andere Inhalt)
% #4   spezieller Text für die Zusatzbox links
%      leer   als Standardwert
%      spezieller Hinweis: Wenn dieser Text leer ist, aber 'e' oder 'v' vorgesehen ist,
%            dann wird 'Quelltext' eingetragen
%      spezieller Hinweis: Wenn der Text #6 vorgesehen ist und außerdem mindestens 
%                 einer der Texte #7/#8/#9, dann muss sinnvollerweise der Parameter #4 
%                 für den Text #6 verwendet werden
% #5   Inhalt für den Ausgabe-Teil
%      kann auch leer sein
% #6   Inhalt für den Quelltext 1
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C++
%      bei DualCode der Text für lang1
% #7   Inhalt für den Quelltext 2
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für C#
%      bei DualCode der Text für lang2
% #8   Inhalt für den Quelltext 3
%      kann auch leer sein
%      bei NETCode und MultiCode der Text für VB.NET
% #9   Inhalt für den Quelltext 4
%      kann auch leer sein
%      bei MultiCode der Text für Delphi Prism
% **************************************************
% Hier werden die folgenden Variablen von wiki-templates.tex benutzt; 
% diese dürfen in TemplateCodeInside nicht benutzt werden, weil sie unter Umständen
% überschrieben werden könnten.
%      \wbtemplengthb für skipabove
%      \wbtemplengthc für skipbelow
%      \wbtempcounta  als Zwischenspeicher
%      \wbtemptexta   als Ausgabetext, der automatisch erzeugt wird
%
% **************************************************
{
% Die Umgebung Template Code Inside setzt die Schriftgröße ebenfalls fest,
% dies soll aber auch für Kopf- und Fußzeile gelten.
\begin{scriptsize}

% #1   Kopfzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
%      \wbtemplengthb für skipabove
\ifstr{#1}{}
{ \setlength{\wbtemplengthb}{\baselineskip} }
{ \minisec{\normalfont \scriptsize \centering \textbf{#1} \\[-0.5\baselineskip]}
  \setlength{\wbtemplengthb}{0pt} }

% #2   unterer Abstand ist standardmäßig 0 pt, aber beim letzten Abschnitt 
%      ohne Fußzeile ist der Abstand festzusetzen
\setlength{\wbtemplengthc}{0pt}
%      \wbtemplengthc für skipbelow
% \wbtempcounta als temp-Variable verwenden, welcher Abschnitt der letzte ist
\wbtempcounta=0
% prüfe zunächst, bei welcher Ausgabe der "Abstand nachher" auf \baselineskip gesetzt werden muss;
% in allen anderen Fällen bleibt es beim Standardwert 0pt
% * nur erforderlich, wenn keine Fußzeile vorgesehen ist
% * wenn Ausgabe   #4 vorgesehen ist, dann dort
% * wenn Quellcode #9 vorgesehen ist, dann dort
% * wenn Quellcode #8 vorgesehen ist, dann dort
% * wenn Quellcode #7 vorgesehen ist, dann dort
% * wenn Quellcode #6 vorgesehen ist, dann dort
% das einfachste Verfahren ist, dies vorwärts zu prüfen
\ifstr{#2}{}{}{
  \ifstr{#6}{}{}{\wbtempcounta=6 }
  \ifstr{#7}{}{}{\wbtempcounta=7 }
  \ifstr{#8}{}{}{\wbtempcounta=8 }
  \ifstr{#9}{}{}{\wbtempcounta=9 }
  \ifstr{#4}{}{}{\wbtempcounta=10 }
}
  
% nach der ersten Ausgabe wird der "Abstand vorher" immer auf 0 gesetzt
% Quelltext 1 mit #6
\ifstr{#6}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=6 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {#5} {}
#6
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% in gleicher Weise werden die weiteren Teile ausgegeben, bei #7 #8 #9 gibt es Standardtexte
% Quelltext 2 mit #7
\ifstr{#7}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=7 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#7
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 3 mit #8
\ifstr{#8}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=8 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{VB.NET-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#8
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Quelltext 4 mit #9
\ifstr{#9}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=9 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{C\#-Quelltext}}
  \begin{TemplateCodeInside} {} {\wbtemplengthb} {\wbtemplengthc} {#3} {\wbtemptexta} {}
#9
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  

% Ausgabetext mit #4
\ifstr{#4}{}{}{
  % Abstand dahinter anpassen, sofern bei diesem Abstand vorgemerkt
  \ifnum\wbtempcounta=10 \setlength{\wbtemplengthc}{\baselineskip} 
     \else \setlength{\wbtemplengthc}{0pt} \fi
  \ifstr{#5}{}{\renewcommand{\wbtemptexta}{}}{\renewcommand{\wbtemptexta}{Ausgabe}}
  \begin{TemplateCodeInside} {x} {\wbtemplengthb} {\wbtemplengthc} {} {\wbtemptexta} {}
#4
  \end{TemplateCodeInside}
  \setlength{\wbtemplengthb}{0pt}
}  
 
% #2   Fußzeile ausgeben, sofern vorgesehen
%      wenn sie nicht vorgesehen ist, muss der obere Abstand definiert werden
\ifstr{#2}{}{}
{ \centering \textbf{#2} \medskip \\ }

\end{scriptsize}
}

\begin{comment}
\newcommand{\TemplatePreformat}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}

\newcommand{\TemplateSpaceIndent}[1]
{\begin{TemplateCodeInside}{x}{\baselineskip}{\baselineskip}{}{}{}
#1
\end{TemplateCodeInside}
}
\end{comment}

\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}~}







headers/templates.tex

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newcommand{\CPPAuthorsTemplate}[4]{
\LaTeXZeroBoxTemplate{
The following people are authors to this book:

#3

You can verify who has contributed to this book by examining the history logs at Wikibooks (http://en.wikibooks.org/).

Acknowledgment is given for using some contents from other works like #1, as from the authors #2.

The above authors release their work under the following license:

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license. In short: you are free to share and to make derivatives of this work under the conditions that you appropriately attribute it, and that you only distribute it under the same, similar or a compatible license. Any of the above conditions can be waived if you get permission from the copyright holder.
Unless otherwise noted, #4 used in this book have their own copyright, may use different licenses than the one used here, and were not created by the above authors. The authors, contributors, and licenses used should be acknowledged separately.}
}


\newcommand{\tlTemplate}[1]{{\{\{{\ttfamily #1}\}\}}}

\newcommand{\matrixdimTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
{\bfseries Matrix Dimensions: }\\
A: $p \times p$ \\
B:  $p \times q$\\
C:  $r \times p$\\
D:  $r \times q$\\
\end{myshaded}
}

\newcommand{\matlabTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This operation can be performed using this MATLAB command:
{\ttfamily #1}
\end{myshaded}}

\newcommand{\PrintUnitPage}[3]{\pagebreak
\begin{flushleft}
{\bfseries \Large #1}
\end{flushleft}

\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}>{\RaggedRight}p{0.5\linewidth}}
& #2
\end{longtable}}

\newcommand{\LaTeXCodeTipTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
#1 \\
#2 \\
#3
\end{myshaded}
}

\newcommand{\DisassemblySyntax}[1]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This code example uses #1 Syntax
\end{myshaded}}


\newcommand{\LaTeXDeutschTemplate}[1]{ {\bfseries deutsch:} #1 }



\newcommand{\LaTeXNullTemplate}[1]{}
\newcommand{\LatexSymbol}[1]{\LaTeX}

\newcommand{\LaTeXDoubleBoxTemplate}[2]{

\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}
\end{minipage}

}


\newcommand{\LaTeXSimpleBoxTemplate}[2]{
{\bfseries #1} \\
#2
}

\newcommand{\SolutionBoxTemplate}[2]{
#2
}


\newcommand{\LaTeXDoubleBoxOpenTemplate}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}

}


\newcommand{\LaTeXLatinExcerciseTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries Excercise: #1} \\
#2 \\
{\bfseries Solution}
#3
\end{myshaded}

}


\newcommand{\LaTeXShadedColorBoxTemplate}[2]{
{\linewidth}#1\begin{myshaded}
#2
\end{myshaded}
}


\newcommand{\LaTeXZeroBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
\end{minipage}
}

\newcommand{\LaTeXZeroBoxOpenTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
}

\newcommand{\PDFLink}[1]{
\textbf{PDF} #1
}

\newcommand{\SonnensystemFakten}[3]{
#1 \\
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #2}  \\
#3 \\
\end{myshaded}
}


\newcommand{\VorlageReferenzenEintrag}[3]{
\begin{longtable}{p{0.2\linewidth}p{0.8\linewidth}}

{[\bfseries #1]} & {\itshape #2} #3 \\
\end{longtable}

}

\newcommand{\MBOX}[2]{\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
\begin{longtable}{p{0.2\linewidth}p{0.7\linewidth}}
#1 & #2 \\
\end{longtable}
\end{myshaded}}



\newcommand{\LaTeXIdentityTemplate}[1]{#1
}

\newcommand{\TychoBrahe}[1]{Tycho Brahe}

\newcommand{\LaTeXPlainBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded} 
#1
\end{myshaded}
\end{minipage}
}


\newcommand{\Hinweis}[1]{
\begin{TemplateInfo}{{\Huge \textcircled{\LARGE !}}}{Hinweis}
#1
\end{TemplateInfo}}



\newcommand{\LaTexInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}}

\newcommand{\EqnTemplate}[1]{
\begin{flushright}
\textbf{[#1]}
\end{flushright}}

\newcommand{\RefTemplate}[1]{[#1]}


\newcommand{\LaTeXGCCTakeTemplate}[1]{
\LaTeXDoubleBoxTemplate{Take home:}{#1}
}

\newcommand{\LaTeXEditorNote}[1]{\LaTeXDoubleBoxTemplate{Editor's note}{#1}}

\newcommand{\BNPForVersion}[1]{
\LaTeXInfoTemplateOne{Applicable Blender version: #1}
}

\newcommand{\LaTeXInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}
}


\newcommand{\LaTexHelpFulHintTemplate}[1]{
\LaTeXDoubleBoxTemplate{Helpful Hint:}{#1}
}

\newcommand{\MyLaTeXTemplate}[3]{
\LaTeXDoubleBoxTemplate{MyLaTeXTemplate1:}{#1 \\ #2 \\ #3}
}

\newcommand{\TemplatePreformat}[1]{
\par
\begin{scriptsize}
%\setlength{\baselineskip}{0.9\baselineskip}
\ttfamily
#1
\par
\end{scriptsize}
}

\newcommand{\TemplateSpaceIndent}[1]{
\begin{scriptsize}
\begin{framed}
\ttfamily
#1
\end{framed}
\end{scriptsize}
}

\newcommand{\GenericColorBox}[2]
{
\newline
\begin{tabular}[t]{p{0.6cm}p{4cm}}
#1&#2\\  
\end{tabular}
}

\newcommand{\legendNamedColorBox}[2]
{
  \GenericColorBox{
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{#1}{
          \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}

\newcommand{\legendColorBox}[2]
{
  \GenericColorBox{
    \definecolor{tempColor}{rgb}{#1}
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{tempColor}{
           \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}



%\newcommand{\ubung} {{\LARGE $\triangleright$}}
\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}\,}

\newcommand{\TemplateSource}[1]
{
%\begin{TemplateCodeInside}{}{\baselineskip}{\baselineskip}{}{}{true}
\begin{scriptsize}
\begin{myshaded}\ttfamily
#1
\end{myshaded}
\end{scriptsize}
%\end{TemplateCodeInside}
}


\newenvironment{TemplateInfo}[2]
% no more parameters
%****************************************************
% Template Info
% Kasten mit Logo, Titelzeile, Text
% kann für folgende Wiki-Vorlagen benutzt werden:
%          Vorlage:merke, Vorlage:Achtung u.ä.
%
% #1 Logo  (optional) default: \Info
% #2 Titel (optional) default: Information; könnte theoretisch auch leer sein,
%                     das ist aber wegen des Logos nicht sinnvoll
%****************************************************
{
% Definition des Kastens mit Standardwerten
% u.U. ist linewidth=1pt erorderlich
\begin{mdframed}[ skipabove=\baselineskip, skipbelow=\baselineskip,
linewidth=1pt,
innertopmargin=0, innerbottommargin=0 ]
% linksbündig ist besser, weil es in der Regel wenige Zeilen sind, die teilweise kurz sind
\begin{flushleft}
% Überschrift größer darstellen
\begin{Large}
% #1 wird als Logo verwendet, Vorgabe ist \Info aus marvosym
%    für andere Logos muss ggf. das Package eingebunden werden
%    das Logo kann auch mit einer Größe verbunden werden, z.B. \LARGE\danger als #1
{#1 } \
% #2 wird als Titelzeile verwendet, Vorgabe ist 'Information'
{\bfseries #2}
\medskip \end{Large} \\
} % Ende der begin-Anweisungen, es folgenden die end-Anweisungen
{ \end{flushleft}\end{mdframed} }


\newcommand{\TemplateHeaderExercise}[3]
% no more parameters
%****************************************************
% Template Header Exercise
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
% ist gedacht für folgende Wiki-Vorlage:
%          Vorlage:Übung4
% kann genauso für den Aufgaben-Teil folgender Vorlagen verwendet werden:
%          Vorlage:Übung    (wird zz. nur einmal benutzt)
%          Vorlage:Übung2   (wird zz. gar nicht benutzt)
%          Vorlage:Übung3   (wird zz. in 2 Büchern häufig benutzt)
%          C++-Programmierung/ Vorlage:Aufgabe  (wird zz. nur selten benutzt,
%                            ist in LatexRenderer.hs schon erledigt)
%
% #1 Text   (optional) 'Aufgabe' oder 'Übung', kann auch leer sein
% #2 Nummer (Pflicht)  könnte theoretisch auch leer sein, aber dann sieht die Zeile
%                      seltsam aus; oder die if-Abfragen wären unnötig komplex
% #3 Titel  (optional) Inhaltsangabe der Aufgabe, kann auch leer sein
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}
 
\newcommand{\TemplateHeaderSolution}[3]
% no more parameters
%****************************************************
% Template Header Solution
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
%
% ist gedacht für den Lösungen-Teil der Vorlagen und wird genauso
% verwendet wie \TemplateHeaderExercise
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, Lösung zu #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}

\newcommand{\TemplateUbungDrei}[4]
{
\TemplateHeaderExercise{Übung}{#1}{#2}
#3
\TemplateHeaderSolution{Übung}{#1}{#2}
#4
}

\newcommand{\Mywrapfigure}[2]
{
\begin{wrapfigure}{r}{#1\textwidth}
\begin{center}
#2
\end{center}
\end{wrapfigure}
}



\newcommand{\Mymakebox}[2]
{
\begin{minipage}{#1\textwidth}
#2
\end{minipage}
}

\newcommand{\MyBlau}[1]{
\textcolor{darkblue}{#1}
} 
\newcommand{\MyRot}[1]{
\textcolor{red}{#1}
} 
\newcommand{\MyGrun}[1]{
\textcolor{mydarkgreen}{#1}
} 
\newcommand{\MyBg}[2]{
\fcolorbox{#1}{#1}{#2} 
} 

\newcommand{\BNPModule}[1]{
the "#1" module
} 


\newcommand{\LaTeXMerkeZweiTemplate}[1]{\LaTeXDoubleBoxTemplate{Merke}{#1}}

\newcommand{\LaTeXDefinitionTemplate}[1]{\LaTeXDoubleBoxTemplate{Definition}{#1}}

\newcommand{\LaTeXAnorganischeChemieFuerSchuelerVorlageMerksatzTemplate}[1]{\LaTeXDoubleBoxTemplate{Merksatz}{#1}}

\newcommand{\LaTeXTextTemplate}[1]{\LaTeXDoubleBoxTemplate{}{#1}}

\newcommand{\LaTeXExampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXexampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXPTPBoxTemplate}[1]{\LaTeXDoubleBoxTemplate{Points to ponder:}{#1}}

\newcommand{\LaTeXNOTETemplate}[2]{\LaTeXDoubleBoxTemplate{Note:}{#1 #2}}

\newcommand{\LaTeXNotizTemplate}[1]{\LaTeXDoubleBoxTemplate{Notiz:}{#1}}

\newcommand{\LaTeXbodynoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXcquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXCquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXSideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXsideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXExercisesTemplate}[1]{\LaTeXDoubleBoxTemplate{Exercises:}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageTippTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}

\newcommand{\LaTeXTipTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}
\newcommand{\LaTeXUnknownTemplate}[1]{unknown}

\newcommand{\LaTeXCppProgrammierungVorlageHinweisTemplate}[1]{\LaTeXDoubleBoxTemplate{Hinweis}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageSpaeterImBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Thema wird später näher erläutert...}{#1}}

\newcommand{\SGreen}[1]{This page uses material from Dr. Sheldon Green's Hypertext Help with LaTeX.}
\newcommand{\ARoberts}[1]{This page uses material from Andy Roberts' Getting to grips with LaTeX with permission from the author.}

\newcommand{\LaTeXCppProgrammierungVorlageAnderesBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Buchempfehlung}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageNichtNaeherBeschriebenTemplate}[1]{\LaTeXDoubleBoxTemplate{Nicht Thema dieses Buches...}{#1}}

\newcommand{\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate}[1]{\LaTeXDoubleBoxTemplate{Details}{#1}}

\newcommand{\LaTeXChapterTemplate}[1]{\chapter{#1}
\myminitoc
}

\newcommand{\Sample}[2]{
\begin{longtable}{|p{\linewidth}|}
\hline
#1 \\ \hline
#2 \\ \hline
\end{longtable}
}

\newcommand{\Syntax}[1]{
\LaTeXDoubleBoxTemplate{Syntax}{#1}}


\newcommand{\LaTeXTT}[1]{{\ttfamily #1}}
\newcommand{\LaTeXBF}[1]{{\bfseries #1}}
\newcommand{\LaTeXCenter}[1]{
\begin{center}
#1
\end{center}}


\newcommand{\BNPManual}[2]{The Blender Manual page on #1 at \url{http://wiki.blender.org/index.php/Doc:Manual/#1}}
\newcommand{\BNPWeb}[2]{#1 at \url{#2}}

\newcommand{\Noframecenter}[2]{
\begin{tablular}{p{\linewidth}}
#2\\ 
#1 
\end{tabluar}
}


\newcommand{\LaTeXTTUlineTemplate}[1]{{\ttfamily \uline{#1}}
}



\newcommand{\PythonUnterLinuxDenulltails}[1]{
\begin{tabular}{|p{\linewidth}|}\hline
\textbf{Denulltails} \\ \hline
#1 \\ \hline 
\end{tabular}}

\newcommand{\GNURTip}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
\textbf{Tip} \\ \hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlUebung}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlNotiz}[1]{
\begin{table}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{table}}

\newcommand{\ACFSZusatz}[1]{\textbf{ Zusatzinformation }}
\newcommand{\ACFSVorlageB}[1]{\textbf{ Beobachtung }}
\newcommand{\ACFSVorlageV}[1]{\textbf{ Versuchsbeschreibung }}
\newcommand{\TemplateHeaderSolutionUebung}[2]{\TemplateHeaderSolution{Übung}{#1}{#2}}
\newcommand{\TemplateHeaderExerciseUebung}[2]{\TemplateHeaderExercise{Übung}{#1}{#2}}

\newcommand{\ChemTemplate}[9]{\texttt{     
#1#2#3#4#5#6#7#8#9}}


\newcommand{\WaningTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warning}
#1
\end{TemplateInfo}}


\newcommand{\WarnungTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warnung}
#1
\end{TemplateInfo}}


\newcommand{\BlenderAlignedToViewIssue}[1]{     
\begin{TemplateInfo}{\danger}{Blender3d Aligned to view issue}
This tutorial relies on objects being created so that they are aligned to the view that you’re looking through. Versions 2.48 and above have changed the way this works. Visit Aligned (\url{http://en.wikibooks.org/wiki/Blender_3D:_Noob_to_Pro/Aligned_to_view_issue}) to view issue to understand the settings that need to be changed.
\end{TemplateInfo}}


\newcommand{\BlenderVersion}[1]{     
{\itshape Diese Seite bezieht sich auf }{\bfseries \quad Blender Version #1}}

\newcommand{\Literal}[1]{{\itshape #1}}

\newcommand{\JavaIllustration}[3]{
\begin{tablular}
{Figure #1: #2}
\\
#3
\end{ltablular}
}

\newcommand{\PDFLink}[1]{#1 PDF}

\newcommand{\Ja}[1]{\Checkmark {\bfseries Ja}}
\newcommand{\Nein}[1]{\XSolidBrush {\bfseries Nein}}

\newcommand{\SVGVersions}[8]{
{\scriptsize
\begin{tabular}{|p{0.45\linewidth}|p{0.13\linewidth}|}\hline
Squiggle (Batik) & #1 \\ \hline
Opera (Presto) & #2 \\ \hline
Firefox (Gecko; auch SeaMonkey, Iceape, Iceweasel etc) & #3 \\ \hline
Konqueror (KSVG) & #4 \\ \hline
Safari (Webkit) & #5 \\ \hline
Chrome (Webkit) & #6 \\ \hline
Microsoft Internet Explorer (Trident) & #7 \\ \hline
librsvg & #8 \\\hline
\end{tabular}}

}


\theoremstyle{plain}
\newtheorem{satz}{Satz}
\newtheorem{beweis}{Beweis}
\newtheorem{beispiel}{Beispiel}

\theoremstyle{definition}
\newtheorem{mydef}{Definition}

\newcommand{\NFSatz}[2]{\begin{satz}#1\end{satz}#2}

\newcommand{\NFDef}[2]{\begin{mydef}#1\end{mydef}#2}

\newcommand{\NFBeweis}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFBeispiel}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFFrage}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{#1}: #2} \\
#3
\end{myshaded}

}

\newcommand{\NFFrageB}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{Frage}: #1} \\
#2
\end{myshaded}

}


\newcommand{\NFVertiefung}[1]{
{\bfseries Vertiefung:} \\
Der Inhalt des folgenden Abschnitts ist eine Vertiefung des Stoffes. Für die nächsten Kapitel ist es nicht notwendig, dass du dieses Kapitel gelesen hast.

}
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headers/unicodes.tex



\newcommand{\R}{\ensuremath{\mathbb{R}}}
\newcommand{\N}{\ensuremath{\mathbb{N}}}
\newcommand{\Z}{\ensuremath{\mathbb{Z}}}
\newcommand{\Q}{\ensuremath{\mathbb{Q}}}
\renewcommand{\C}{\ensuremath{\mathbb{C}}}
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\DeclareUnicodeCharacter{00B1}{\textpm}
\DeclareUnicodeCharacter{00B2}{\texttwosuperior}
\DeclareUnicodeCharacter{00B3}{\textthreesuperior}
\DeclareUnicodeCharacter{00B4}{\textasciiacute}
\DeclareUnicodeCharacter{00B5}{\textmu} % micro sign
\DeclareUnicodeCharacter{00B6}{\textparagraph}
\DeclareUnicodeCharacter{00B7}{\textperiodcentered}
\DeclareUnicodeCharacter{00B8}{\c\ }
\DeclareUnicodeCharacter{00B9}{\textonesuperior}
\DeclareUnicodeCharacter{00BA}{\textordmasculine}
\DeclareUnicodeCharacter{00BB}{\guillemotright}
\DeclareUnicodeCharacter{00BC}{\textonequarter}
\DeclareUnicodeCharacter{00BD}{\textonehalf}
\DeclareUnicodeCharacter{00BE}{\textthreequarters}
\DeclareUnicodeCharacter{00BF}{\textquestiondown}
\DeclareUnicodeCharacter{00C0}{\@tabacckludge`A}
\DeclareUnicodeCharacter{00C1}{\@tabacckludge'A}
\DeclareUnicodeCharacter{00C2}{\^A}
\DeclareUnicodeCharacter{00C3}{\~A}
\DeclareUnicodeCharacter{00C4}{\"A}
\DeclareUnicodeCharacter{00C5}{\r A}
\DeclareUnicodeCharacter{00C6}{\AE}
\DeclareUnicodeCharacter{00C7}{\c C}
\DeclareUnicodeCharacter{00C8}{\@tabacckludge`E}
\DeclareUnicodeCharacter{00C9}{\@tabacckludge'E}
\DeclareUnicodeCharacter{00CA}{\^E}
\DeclareUnicodeCharacter{00CB}{\"E}
\DeclareUnicodeCharacter{00CC}{\@tabacckludge`I}
\DeclareUnicodeCharacter{00CD}{\@tabacckludge'I}
\DeclareUnicodeCharacter{00CE}{\^I}
\DeclareUnicodeCharacter{00CF}{\"I}
\DeclareUnicodeCharacter{00D0}{\DH}
\DeclareUnicodeCharacter{00D1}{\~N}
\DeclareUnicodeCharacter{00D2}{\@tabacckludge`O}
\DeclareUnicodeCharacter{00D3}{\@tabacckludge'O}
\DeclareUnicodeCharacter{00D4}{\^O}
\DeclareUnicodeCharacter{00D5}{\~O}
\DeclareUnicodeCharacter{00D6}{\"O}
\DeclareUnicodeCharacter{00D7}{\texttimes}
\DeclareUnicodeCharacter{00D8}{\O}
\DeclareUnicodeCharacter{00D9}{\@tabacckludge`U}
\DeclareUnicodeCharacter{00DA}{\@tabacckludge'U}
\DeclareUnicodeCharacter{00DB}{\^U}
\DeclareUnicodeCharacter{00DC}{\"U}
\DeclareUnicodeCharacter{00DD}{\@tabacckludge'Y}
\DeclareUnicodeCharacter{00DE}{\TH}
\DeclareUnicodeCharacter{00DF}{\ss}
\DeclareUnicodeCharacter{00E0}{\@tabacckludge`a}
\DeclareUnicodeCharacter{00E1}{\@tabacckludge'a}
\DeclareUnicodeCharacter{00E2}{\^a}
\DeclareUnicodeCharacter{00E3}{\~a}
\DeclareUnicodeCharacter{00E4}{\"a}
\DeclareUnicodeCharacter{00E5}{\r a}
\DeclareUnicodeCharacter{00E6}{\ae}
\DeclareUnicodeCharacter{00E7}{\c c}
\DeclareUnicodeCharacter{00E8}{\@tabacckludge`e}
\DeclareUnicodeCharacter{00E9}{\@tabacckludge'e}
\DeclareUnicodeCharacter{00EA}{\^e}
\DeclareUnicodeCharacter{00EB}{\"e}
\DeclareUnicodeCharacter{00EC}{\@tabacckludge`\i}
\DeclareUnicodeCharacter{00ED}{\@tabacckludge'\i}
\DeclareUnicodeCharacter{00EE}{\^\i}
\DeclareUnicodeCharacter{00EF}{\"\i}
\DeclareUnicodeCharacter{00F0}{\dh}
\DeclareUnicodeCharacter{00F1}{\~n}
\DeclareUnicodeCharacter{00F2}{\@tabacckludge`o}
\DeclareUnicodeCharacter{00F3}{\@tabacckludge'o}
\DeclareUnicodeCharacter{00F4}{\^o}
\DeclareUnicodeCharacter{00F5}{\~o}
\DeclareUnicodeCharacter{00F6}{\"o}
\DeclareUnicodeCharacter{00F7}{\textdiv}
\DeclareUnicodeCharacter{00F8}{\o}
\DeclareUnicodeCharacter{00F9}{\@tabacckludge`u}
\DeclareUnicodeCharacter{00FA}{\@tabacckludge'u}
\DeclareUnicodeCharacter{00FB}{\^u}
\DeclareUnicodeCharacter{00FC}{\"u}
\DeclareUnicodeCharacter{00FD}{\@tabacckludge'y}
\DeclareUnicodeCharacter{00FE}{\th}
\DeclareUnicodeCharacter{00FF}{\"y}
\DeclareUnicodeCharacter{0102}{\u A}
\DeclareUnicodeCharacter{0103}{\u a}
\DeclareUnicodeCharacter{0104}{\k A}
\DeclareUnicodeCharacter{0105}{\k a}
\DeclareUnicodeCharacter{0106}{\@tabacckludge'C}
\DeclareUnicodeCharacter{0107}{\@tabacckludge'c}
\DeclareUnicodeCharacter{010C}{\v C}
\DeclareUnicodeCharacter{010D}{\v c}
\DeclareUnicodeCharacter{010E}{\v D}
\DeclareUnicodeCharacter{010F}{\v d}
\DeclareUnicodeCharacter{0110}{\DJ}
\DeclareUnicodeCharacter{0111}{\dj}
\DeclareUnicodeCharacter{0118}{\k E}
\DeclareUnicodeCharacter{0119}{\k e}
\DeclareUnicodeCharacter{011A}{\v E}
\DeclareUnicodeCharacter{011B}{\v e}
\DeclareUnicodeCharacter{011E}{\u G}
\DeclareUnicodeCharacter{011F}{\u g}
\DeclareUnicodeCharacter{0130}{\.I}
\DeclareUnicodeCharacter{0131}{\i}
\DeclareUnicodeCharacter{0132}{\IJ}
\DeclareUnicodeCharacter{0133}{\ij}
\DeclareUnicodeCharacter{0139}{\@tabacckludge'L}
\DeclareUnicodeCharacter{013A}{\@tabacckludge'l}
\DeclareUnicodeCharacter{013D}{\v L}
\DeclareUnicodeCharacter{013E}{\v l}
\DeclareUnicodeCharacter{0141}{\L}
\DeclareUnicodeCharacter{0142}{\l}
\DeclareUnicodeCharacter{0143}{\@tabacckludge'N}
\DeclareUnicodeCharacter{0144}{\@tabacckludge'n}
\DeclareUnicodeCharacter{0147}{\v N}
\DeclareUnicodeCharacter{0148}{\v n}
\DeclareUnicodeCharacter{014A}{\NG}
\DeclareUnicodeCharacter{014B}{\ng}
\DeclareUnicodeCharacter{0150}{\H O}
\DeclareUnicodeCharacter{0151}{\H o}
\DeclareUnicodeCharacter{0152}{\OE}
\DeclareUnicodeCharacter{0153}{\oe}
\DeclareUnicodeCharacter{0154}{\@tabacckludge'R}
\DeclareUnicodeCharacter{0155}{\@tabacckludge'r}
\DeclareUnicodeCharacter{0158}{\v R}
\DeclareUnicodeCharacter{0159}{\v r}
\DeclareUnicodeCharacter{015A}{\@tabacckludge'S}
\DeclareUnicodeCharacter{015B}{\@tabacckludge's}
\DeclareUnicodeCharacter{015E}{\c S}
\DeclareUnicodeCharacter{015F}{\c s}
\DeclareUnicodeCharacter{0160}{\v S}
\DeclareUnicodeCharacter{0161}{\v s}
\DeclareUnicodeCharacter{0162}{\c T}
\DeclareUnicodeCharacter{0163}{\c t}
\DeclareUnicodeCharacter{0164}{\v T}
\DeclareUnicodeCharacter{0165}{\v t}
\DeclareUnicodeCharacter{016E}{\r U}
\DeclareUnicodeCharacter{016F}{\r u}
\DeclareUnicodeCharacter{0170}{\H U}
\DeclareUnicodeCharacter{0171}{\H u}
\DeclareUnicodeCharacter{0178}{\"Y}
\DeclareUnicodeCharacter{0179}{\@tabacckludge'Z}
\DeclareUnicodeCharacter{017A}{\@tabacckludge'z}
\DeclareUnicodeCharacter{017B}{\.Z}
\DeclareUnicodeCharacter{017C}{\.z}
\DeclareUnicodeCharacter{017D}{\v Z}
\DeclareUnicodeCharacter{017E}{\v z}
\DeclareUnicodeCharacter{0192}{\textflorin}
\DeclareUnicodeCharacter{02C6}{\textasciicircum}
\DeclareUnicodeCharacter{02C7}{\textasciicaron}
\DeclareUnicodeCharacter{02DC}{\textasciitilde}
\DeclareUnicodeCharacter{02D8}{\textasciibreve}
\DeclareUnicodeCharacter{02DD}{\textacutedbl}
\DeclareUnicodeCharacter{0E3F}{\textbaht}
\DeclareUnicodeCharacter{200C}{\textcompwordmark}
\DeclareUnicodeCharacter{2013}{\textendash}
\DeclareUnicodeCharacter{2014}{\textemdash}
\DeclareUnicodeCharacter{2016}{\textbardbl}
\DeclareUnicodeCharacter{2018}{\textquoteleft}
\DeclareUnicodeCharacter{2019}{\textquoteright}
\DeclareUnicodeCharacter{201A}{\quotesinglbase}
\DeclareUnicodeCharacter{201C}{\textquotedblleft}
\DeclareUnicodeCharacter{201D}{\textquotedblright}
\DeclareUnicodeCharacter{201E}{\quotedblbase}
\DeclareUnicodeCharacter{2020}{\textdagger}
\DeclareUnicodeCharacter{2021}{\textdaggerdbl}
\DeclareUnicodeCharacter{2022}{\textbullet}
\DeclareUnicodeCharacter{2026}{\textellipsis}
\DeclareUnicodeCharacter{2030}{\textperthousand}
\DeclareUnicodeCharacter{2031}{\textpertenthousand}
\DeclareUnicodeCharacter{2039}{\guilsinglleft}
\DeclareUnicodeCharacter{203A}{\guilsinglright}
\DeclareUnicodeCharacter{203B}{\textreferencemark}
\DeclareUnicodeCharacter{203D}{\textinterrobang}
\DeclareUnicodeCharacter{2044}{\textfractionsolidus}
\DeclareUnicodeCharacter{204E}{\textasteriskcentered} % LOW ASTERISK
\DeclareUnicodeCharacter{2052}{\textdiscount}
\DeclareUnicodeCharacter{20A1}{\textcolonmonetary}
\DeclareUnicodeCharacter{20A4}{\textlira}
\DeclareUnicodeCharacter{20A6}{\textnaira}
\DeclareUnicodeCharacter{20A9}{\textwon}
\DeclareUnicodeCharacter{20AB}{\textdong}
\DeclareUnicodeCharacter{20AC}{\texteuro}
\DeclareUnicodeCharacter{20B1}{\textpeso}
\DeclareUnicodeCharacter{2103}{\textcelsius}
\DeclareUnicodeCharacter{2116}{\textnumero}
\DeclareUnicodeCharacter{2117}{\textcircledP}
\DeclareUnicodeCharacter{211E}{\textrecipe}
\DeclareUnicodeCharacter{2120}{\textservicemark}
\DeclareUnicodeCharacter{2122}{\texttrademark}
\DeclareUnicodeCharacter{2126}{\textohm}
\DeclareUnicodeCharacter{2127}{\textmho}
\DeclareUnicodeCharacter{212E}{\textestimated}
\DeclareUnicodeCharacter{2190}{\textleftarrow}
\DeclareUnicodeCharacter{2191}{\textuparrow}
\DeclareUnicodeCharacter{2192}{\textrightarrow}
\DeclareUnicodeCharacter{2193}{\textdownarrow}
\DeclareUnicodeCharacter{2329}{\textlangle}
\DeclareUnicodeCharacter{232A}{\textrangle}
\DeclareUnicodeCharacter{2422}{\textblank}
\DeclareUnicodeCharacter{2423}{\textvisiblespace}
\DeclareUnicodeCharacter{25E6}{\textopenbullet}
\DeclareUnicodeCharacter{25EF}{\textbigcircle}
\DeclareUnicodeCharacter{266A}{\textmusicalnote}

\endinput
%%
%% End of file `utf8enc.dfu'.
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main/main.log

This is pdfTeX, Version 3.1415926-2.4-1.40.13 (TeX Live 2012/Debian) (format=pdflatex 2012.10.25)  15 MAR 2013 10:46
entering extended mode
 restricted \write18 enabled.
 %&-line parsing enabled.
**main.tex
(./main.tex
LaTeX2e <2011/06/27>
Babel <v3.8m> and hyphenation patterns for english, dumylang, nohyphenation, et
hiopic, farsi, arabic, pinyin, croatian, bulgarian, ukrainian, russian, slovak,
 czech, danish, dutch, usenglishmax, ukenglish, finnish, french, basque, ngerma
n, german, swissgerman, ngerman-x-2012-05-30, german-x-2012-05-30, monogreek, g
reek, ibycus, ancientgreek, hungarian, bengali, tamil, hindi, telugu, gujarati,
 sanskrit, malayalam, kannada, assamese, marathi, oriya, panjabi, italian, lati
n, latvian, lithuanian, mongolian, mongolianlmc, nynorsk, bokmal, indonesian, e
speranto, coptic, welsh, irish, interlingua, serbian, serbianc, slovenian, friu
lan, romansh, estonian, romanian, armenian, uppersorbian, turkish, afrikaans, i
celandic, kurmanji, polish, portuguese, galician, catalan, spanish, swedish, th
ai, loaded.
(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/hyphsubst.sty
Package: hyphsubst 2008/06/09 v0.2 Substitute hyphenation patterns (HO)

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/infwarerr.sty
Package: infwarerr 2010/04/08 v1.3 Providing info/warning/error messages (HO)
))
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrbook.cls
Document Class: scrbook 2012/05/15 v3.11 KOMA-Script document class (book)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrkbase.sty
Package: scrkbase 2012/05/15 v3.11 KOMA-Script package (KOMA-Script-dependent b
asics and keyval usage)

(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrbase.sty
Package: scrbase 2012/05/15 v3.11 KOMA-Script package (KOMA-Script-independent 
basics and keyval usage)

(/usr/share/texlive/texmf-dist/tex/latex/graphics/keyval.sty
Package: keyval 1999/03/16 v1.13 key=value parser (DPC)
\KV@toks@=\toks14
)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrlfile.sty
Package: scrlfile 2011/03/09 v3.09 KOMA-Script package (loading files)

Package scrlfile, 2011/03/09 v3.09 KOMA-Script package (loading files)
                  Copyright (C) Markus Kohm

))) (/usr/share/texlive/texmf-dist/tex/latex/koma-script/tocbasic.sty
Package: tocbasic 2012/04/04 v3.10b KOMA-Script package (handling toc-files)
)
Package tocbasic Info: omitting babel extension for `toc'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `toc' on input line 117.
Package tocbasic Info: omitting babel extension for `lof'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `lof' on input line 118.
Package tocbasic Info: omitting babel extension for `lot'
(tocbasic)             because of feature `nobabel' available
(tocbasic)             for `lot' on input line 119.
Class scrbook Info: File `scrsize11pt.clo' used to setup font sizes on input li
ne 1366.

(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrsize11pt.clo
File: scrsize11pt.clo 2012/05/15 v3.11 KOMA-Script font size class option (11pt
)
)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/typearea.sty
Package: typearea 2012/05/15 v3.11 KOMA-Script package (type area)

Package typearea, 2012/05/15 v3.11 KOMA-Script package (type area)
                  Copyright (C) Frank Neukam, 1992-1994
                  Copyright (C) Markus Kohm, 1994-

\ta@bcor=\skip41
\ta@div=\count79
\ta@hblk=\skip42
\ta@vblk=\skip43
\ta@temp=\skip44
Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 13
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 433.35742pt
(typearea)              DIV departure   = -10%
(typearea)              \evensidemargin = 14.40149pt
(typearea)              \oddsidemargin  = 5.20905pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 650.20029pt
(typearea)              \topmargin      = -44.6664pt
(typearea)              \headheight     = 17.0pt
(typearea)              \headsep        = 20.40001pt
(typearea)              \topskip        = 11.0pt
(typearea)              \footskip       = 47.60002pt
(typearea)              \baselineskip   = 13.6pt
(typearea)              on input line 1211.
)
\c@part=\count80
\c@chapter=\count81
\c@section=\count82
\c@subsection=\count83
\c@subsubsection=\count84
\c@paragraph=\count85
\c@subparagraph=\count86
\abovecaptionskip=\skip45
\belowcaptionskip=\skip46
\c@pti@nb@sid@b@x=\box26
\c@figure=\count87
\c@table=\count88
\bibindent=\dimen102
) (../headers/paper.tex) (../headers/packages1.tex
(/usr/share/texlive/texmf-dist/tex/latex/graphics/color.sty
Package: color 2005/11/14 v1.0j Standard LaTeX Color (DPC)

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/color.cfg
File: color.cfg 2007/01/18 v1.5 color configuration of teTeX/TeXLive
)
Package color Info: Driver file: pdftex.def on input line 130.

(/usr/share/texlive/texmf-dist/tex/latex/pdftex-def/pdftex.def
File: pdftex.def 2011/05/27 v0.06d Graphics/color for pdfTeX

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/ltxcmds.sty
Package: ltxcmds 2011/11/09 v1.22 LaTeX kernel commands for general use (HO)
)
\Gread@gobject=\count89
))
(/usr/share/texlive/texmf-dist/tex/latex/base/textcomp.sty
Package: textcomp 2005/09/27 v1.99g Standard LaTeX package
Package textcomp Info: Sub-encoding information:
(textcomp)               5 = only ISO-Adobe without \textcurrency
(textcomp)               4 = 5 + \texteuro
(textcomp)               3 = 4 + \textohm
(textcomp)               2 = 3 + \textestimated + \textcurrency
(textcomp)               1 = TS1 - \textcircled - \t
(textcomp)               0 = TS1 (full)
(textcomp)             Font families with sub-encoding setting implement
(textcomp)             only a restricted character set as indicated.
(textcomp)             Family '?' is the default used for unknown fonts.
(textcomp)             See the documentation for details.
Package textcomp Info: Setting ? sub-encoding to TS1/1 on input line 71.

(/usr/share/texlive/texmf-dist/tex/latex/base/ts1enc.def
File: ts1enc.def 2001/06/05 v3.0e (jk/car/fm) Standard LaTeX file
)
LaTeX Info: Redefining \oldstylenums on input line 266.
Package textcomp Info: Setting cmr sub-encoding to TS1/0 on input line 281.
Package textcomp Info: Setting cmss sub-encoding to TS1/0 on input line 282.
Package textcomp Info: Setting cmtt sub-encoding to TS1/0 on input line 283.
Package textcomp Info: Setting cmvtt sub-encoding to TS1/0 on input line 284.
Package textcomp Info: Setting cmbr sub-encoding to TS1/0 on input line 285.
Package textcomp Info: Setting cmtl sub-encoding to TS1/0 on input line 286.
Package textcomp Info: Setting ccr sub-encoding to TS1/0 on input line 287.
Package textcomp Info: Setting ptm sub-encoding to TS1/4 on input line 288.
Package textcomp Info: Setting pcr sub-encoding to TS1/4 on input line 289.
Package textcomp Info: Setting phv sub-encoding to TS1/4 on input line 290.
Package textcomp Info: Setting ppl sub-encoding to TS1/3 on input line 291.
Package textcomp Info: Setting pag sub-encoding to TS1/4 on input line 292.
Package textcomp Info: Setting pbk sub-encoding to TS1/4 on input line 293.
Package textcomp Info: Setting pnc sub-encoding to TS1/4 on input line 294.
Package textcomp Info: Setting pzc sub-encoding to TS1/4 on input line 295.
Package textcomp Info: Setting bch sub-encoding to TS1/4 on input line 296.
Package textcomp Info: Setting put sub-encoding to TS1/5 on input line 297.
Package textcomp Info: Setting uag sub-encoding to TS1/5 on input line 298.
Package textcomp Info: Setting ugq sub-encoding to TS1/5 on input line 299.
Package textcomp Info: Setting ul8 sub-encoding to TS1/4 on input line 300.
Package textcomp Info: Setting ul9 sub-encoding to TS1/4 on input line 301.
Package textcomp Info: Setting augie sub-encoding to TS1/5 on input line 302.
Package textcomp Info: Setting dayrom sub-encoding to TS1/3 on input line 303.
Package textcomp Info: Setting dayroms sub-encoding to TS1/3 on input line 304.

Package textcomp Info: Setting pxr sub-encoding to TS1/0 on input line 305.
Package textcomp Info: Setting pxss sub-encoding to TS1/0 on input line 306.
Package textcomp Info: Setting pxtt sub-encoding to TS1/0 on input line 307.
Package textcomp Info: Setting txr sub-encoding to TS1/0 on input line 308.
Package textcomp Info: Setting txss sub-encoding to TS1/0 on input line 309.
Package textcomp Info: Setting txtt sub-encoding to TS1/0 on input line 310.
Package textcomp Info: Setting lmr sub-encoding to TS1/0 on input line 311.
Package textcomp Info: Setting lmdh sub-encoding to TS1/0 on input line 312.
Package textcomp Info: Setting lmss sub-encoding to TS1/0 on input line 313.
Package textcomp Info: Setting lmssq sub-encoding to TS1/0 on input line 314.
Package textcomp Info: Setting lmvtt sub-encoding to TS1/0 on input line 315.
Package textcomp Info: Setting qhv sub-encoding to TS1/0 on input line 316.
Package textcomp Info: Setting qag sub-encoding to TS1/0 on input line 317.
Package textcomp Info: Setting qbk sub-encoding to TS1/0 on input line 318.
Package textcomp Info: Setting qcr sub-encoding to TS1/0 on input line 319.
Package textcomp Info: Setting qcs sub-encoding to TS1/0 on input line 320.
Package textcomp Info: Setting qpl sub-encoding to TS1/0 on input line 321.
Package textcomp Info: Setting qtm sub-encoding to TS1/0 on input line 322.
Package textcomp Info: Setting qzc sub-encoding to TS1/0 on input line 323.
Package textcomp Info: Setting qhvc sub-encoding to TS1/0 on input line 324.
Package textcomp Info: Setting futs sub-encoding to TS1/4 on input line 325.
Package textcomp Info: Setting futx sub-encoding to TS1/4 on input line 326.
Package textcomp Info: Setting futj sub-encoding to TS1/4 on input line 327.
Package textcomp Info: Setting hlh sub-encoding to TS1/3 on input line 328.
Package textcomp Info: Setting hls sub-encoding to TS1/3 on input line 329.
Package textcomp Info: Setting hlst sub-encoding to TS1/3 on input line 330.
Package textcomp Info: Setting hlct sub-encoding to TS1/5 on input line 331.
Package textcomp Info: Setting hlx sub-encoding to TS1/5 on input line 332.
Package textcomp Info: Setting hlce sub-encoding to TS1/5 on input line 333.
Package textcomp Info: Setting hlcn sub-encoding to TS1/5 on input line 334.
Package textcomp Info: Setting hlcw sub-encoding to TS1/5 on input line 335.
Package textcomp Info: Setting hlcf sub-encoding to TS1/5 on input line 336.
Package textcomp Info: Setting pplx sub-encoding to TS1/3 on input line 337.
Package textcomp Info: Setting pplj sub-encoding to TS1/3 on input line 338.
Package textcomp Info: Setting ptmx sub-encoding to TS1/4 on input line 339.
Package textcomp Info: Setting ptmj sub-encoding to TS1/4 on input line 340.
)
(/usr/share/texlive/texmf-dist/tex/latex/base/alltt.sty
Package: alltt 1997/06/16 v2.0g defines alltt environment
)
(/usr/share/texlive/texmf-dist/tex/latex/mdwtools/syntax.sty
Package: syntax 1996/05/17 1.07 Syntax typesetting (MDW)
\grammarparsep=\skip47
\grammarindent=\dimen103
\sdstartspace=\skip48
\sdendspace=\skip49
\sdmidskip=\skip50
\sdtokskip=\skip51
\sdfinalskip=\skip52
\sdrulewidth=\dimen104
\sdcirclediam=\dimen105
\sdindent=\dimen106
)
(/usr/share/texlive/texmf-dist/tex/latex/parskip/parskip.sty
Package: parskip 2001/04/09 non-zero parskip adjustments
)
(/usr/share/texlive/texmf-dist/tex/generic/ulem/ulem.sty
\UL@box=\box27
\UL@hyphenbox=\box28
\UL@skip=\skip53
\UL@hook=\toks15
\UL@height=\dimen107
\UL@pe=\count90
\UL@pixel=\dimen108
\ULC@box=\box29
Package: ulem 2012/05/18
\ULdepth=\dimen109
)
(/usr/share/texlive/texmf-dist/tex/latex/hyperref/hyperref.sty
Package: hyperref 2012/05/13 v6.82q Hypertext links for LaTeX

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/hobsub-hyperref.sty
Package: hobsub-hyperref 2012/05/28 v1.13 Bundle oberdiek, subset hyperref (HO)


(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/hobsub-generic.sty
Package: hobsub-generic 2012/05/28 v1.13 Bundle oberdiek, subset generic (HO)
Package: hobsub 2012/05/28 v1.13 Construct package bundles (HO)
Package hobsub Info: Skipping package `infwarerr' (already loaded).
Package hobsub Info: Skipping package `ltxcmds' (already loaded).
Package: ifluatex 2010/03/01 v1.3 Provides the ifluatex switch (HO)
Package ifluatex Info: LuaTeX not detected.
Package: ifvtex 2010/03/01 v1.5 Detect VTeX and its facilities (HO)
Package ifvtex Info: VTeX not detected.
Package: intcalc 2007/09/27 v1.1 Expandable calculations with integers (HO)
Package: ifpdf 2011/01/30 v2.3 Provides the ifpdf switch (HO)
Package ifpdf Info: pdfTeX in PDF mode is detected.
Package: etexcmds 2011/02/16 v1.5 Avoid name clashes with e-TeX commands (HO)
Package etexcmds Info: Could not find \expanded.
(etexcmds)             That can mean that you are not using pdfTeX 1.50 or
(etexcmds)             that some package has redefined \expanded.
(etexcmds)             In the latter case, load this package earlier.
Package: kvsetkeys 2012/04/25 v1.16 Key value parser (HO)
Package: kvdefinekeys 2011/04/07 v1.3 Define keys (HO)
Package: pdftexcmds 2011/11/29 v0.20 Utility functions of pdfTeX for LuaTeX (HO
)
Package pdftexcmds Info: LuaTeX not detected.
Package pdftexcmds Info: \pdf@primitive is available.
Package pdftexcmds Info: \pdf@ifprimitive is available.
Package pdftexcmds Info: \pdfdraftmode found.
Package: pdfescape 2011/11/25 v1.13 Implements pdfTeX's escape features (HO)
Package: bigintcalc 2012/04/08 v1.3 Expandable calculations on big integers (HO
)
Package: bitset 2011/01/30 v1.1 Handle bit-vector datatype (HO)
Package: uniquecounter 2011/01/30 v1.2 Provide unlimited unique counter (HO)
)
Package hobsub Info: Skipping package `hobsub' (already loaded).
Package: letltxmacro 2010/09/02 v1.4 Let assignment for LaTeX macros (HO)
Package: hopatch 2012/05/28 v1.2 Wrapper for package hooks (HO)
Package: xcolor-patch 2011/01/30 xcolor patch
Package: atveryend 2011/06/30 v1.8 Hooks at the very end of document (HO)
Package atveryend Info: \enddocument detected (standard20110627).
Package: atbegshi 2011/10/05 v1.16 At begin shipout hook (HO)
Package: refcount 2011/10/16 v3.4 Data extraction from label references (HO)
Package: hycolor 2011/01/30 v1.7 Color options for hyperref/bookmark (HO)
)
(/usr/share/texlive/texmf-dist/tex/generic/ifxetex/ifxetex.sty
Package: ifxetex 2010/09/12 v0.6 Provides ifxetex conditional
)
(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/kvoptions.sty
Package: kvoptions 2011/06/30 v3.11 Key value format for package options (HO)
)
\@linkdim=\dimen110
\Hy@linkcounter=\count91
\Hy@pagecounter=\count92

(/usr/share/texlive/texmf-dist/tex/latex/hyperref/pd1enc.def
File: pd1enc.def 2012/05/13 v6.82q Hyperref: PDFDocEncoding definition (HO)
)
\Hy@SavedSpaceFactor=\count93

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/hyperref.cfg
File: hyperref.cfg 2002/06/06 v1.2 hyperref configuration of TeXLive
)
Package hyperref Info: Option `unicode' set `true' on input line 3941.

(/usr/share/texlive/texmf-dist/tex/latex/hyperref/puenc.def
File: puenc.def 2012/05/13 v6.82q Hyperref: PDF Unicode definition (HO)
)
Package hyperref Info: Hyper figures OFF on input line 4062.
Package hyperref Info: Link nesting OFF on input line 4067.
Package hyperref Info: Hyper index ON on input line 4070.
Package hyperref Info: Plain pages OFF on input line 4077.
Package hyperref Info: Backreferencing OFF on input line 4082.
Package hyperref Info: Implicit mode ON; LaTeX internals redefined.
Package hyperref Info: Bookmarks ON on input line 4300.
\c@Hy@tempcnt=\count94

(/usr/share/texlive/texmf-dist/tex/latex/url/url.sty
\Urlmuskip=\muskip10
Package: url 2006/04/12  ver 3.3  Verb mode for urls, etc.
)
LaTeX Info: Redefining \url on input line 4653.
\Fld@menulength=\count95
\Field@Width=\dimen111
\Fld@charsize=\dimen112
Package hyperref Info: Hyper figures OFF on input line 5773.
Package hyperref Info: Link nesting OFF on input line 5778.
Package hyperref Info: Hyper index ON on input line 5781.
Package hyperref Info: backreferencing OFF on input line 5788.
Package hyperref Info: Link coloring OFF on input line 5793.
Package hyperref Info: Link coloring with OCG OFF on input line 5798.
Package hyperref Info: PDF/A mode OFF on input line 5803.
LaTeX Info: Redefining \ref on input line 5843.
LaTeX Info: Redefining \pageref on input line 5847.
\Hy@abspage=\count96
\c@Item=\count97
\c@Hfootnote=\count98
)

Package hyperref Message: Driver: hpdftex.

(/usr/share/texlive/texmf-dist/tex/latex/hyperref/hpdftex.def
File: hpdftex.def 2012/05/13 v6.82q Hyperref driver for pdfTeX
\Fld@listcount=\count99
\c@bookmark@seq@number=\count100

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/rerunfilecheck.sty
Package: rerunfilecheck 2011/04/15 v1.7 Rerun checks for auxiliary files (HO)
Package uniquecounter Info: New unique counter `rerunfilecheck' on input line 2
82.
)
\Hy@SectionHShift=\skip54
)
(/usr/share/texlive/texmf-dist/tex/latex/koma-script/tocstyle.sty
Package: tocstyle 2009/11/09 v0.2d-alpha LaTeX2e KOMA-Script package (versatile
 toc styles)


Package tocstyle Warning: THIS IS AN ALPHA VERSION!
(tocstyle)                USAGE OF THIS VERSION IS ON YOUR OWN RISK!
(tocstyle)                EVERYTHING MAY HAPPEN!
(tocstyle)                EVERYTHING MAY CHANGE IN FUTURE!
(tocstyle)                THERE IS NO SUPPORT, IF YOU USE THIS PACKAGE!
(tocstyle)                Maybe it would be better, not to load this package.

\tocstyle@indentstyle=\count101
Package tocstyle Info: no tocstyle.cfg found on input line 838.
) (/usr/share/texlive/texmf-dist/tex/latex/paralist/paralist.sty
Package: paralist 2002/03/18 v2.3b Extended list environments (BS)
\pltopsep=\skip55
\plpartopsep=\skip56
\plitemsep=\skip57
\plparsep=\skip58
\pl@lab=\toks16
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/trace.sty
Package: trace 2003/04/30 v1.1c trace LaTeX code
)
(/usr/share/texlive/texmf-dist/tex/latex/multirow/bigstrut.sty
\bigstrutjot=\dimen113
)
(/usr/share/texlive/texmf-dist/tex/latex/keystroke/keystroke.sty
Package: keystroke 2010/04/23 v1.6 3D keystrokes (SuSE GmbH/RN)

(/usr/share/texlive/texmf-dist/tex/latex/graphics/graphics.sty
Package: graphics 2009/02/05 v1.0o Standard LaTeX Graphics (DPC,SPQR)

(/usr/share/texlive/texmf-dist/tex/latex/graphics/trig.sty
Package: trig 1999/03/16 v1.09 sin cos tan (DPC)
)
(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/graphics.cfg
File: graphics.cfg 2010/04/23 v1.9 graphics configuration of TeX Live
)
Package graphics Info: Driver file: pdftex.def on input line 91.
)
\suse@key=\box30
\keystroke@left=\box31
\keystroke@right=\box32
\keystroke@middle=\box33

<keystroke_left.pdf, id=1, 42.1575pt x 195.73125pt>
File: keystroke_left.pdf Graphic file (type pdf)
 <use keystroke_left.pdf>
Package pdftex.def Info: keystroke_left.pdf used on input line 171.
(pdftex.def)             Requested size: 42.15738pt x 195.73076pt.

<keystroke_middle.pdf, id=2, 116.435pt x 195.73125pt>
File: keystroke_middle.pdf Graphic file (type pdf)

<use keystroke_middle.pdf>
Package pdftex.def Info: keystroke_middle.pdf used on input line 172.
(pdftex.def)             Requested size: 116.43471pt x 195.73076pt.

<keystroke_right.pdf, id=3, 42.1575pt x 195.73125pt>
File: keystroke_right.pdf Graphic file (type pdf)
 <use keystroke_right.pdf>
Package pdftex.def Info: keystroke_right.pdf used on input line 173.
(pdftex.def)             Requested size: 42.15738pt x 195.73076pt.
) (/usr/share/texlive/texmf-dist/tex/latex/supertabular/supertabular.sty
Package: supertabular 2004/02/20 v4.1e the supertabular environment
\c@tracingst=\count102
\ST@wd=\dimen114
\ST@rightskip=\skip59
\ST@leftskip=\skip60
\ST@parfillskip=\skip61
\ST@pageleft=\dimen115
\ST@headht=\dimen116
\ST@tailht=\dimen117
\ST@pagesofar=\dimen118
\ST@pboxht=\dimen119
\ST@lineht=\dimen120
\ST@stretchht=\dimen121
\ST@prevht=\dimen122
\ST@toadd=\dimen123
\ST@dimen=\dimen124
\ST@pbox=\box34
)
(/usr/share/texlive/texmf-dist/tex/latex/wrapfig/wrapfig.sty
\wrapoverhang=\dimen125
\WF@size=\dimen126
\c@WF@wrappedlines=\count103
\WF@box=\box35
\WF@everypar=\toks17
Package: wrapfig 2003/01/31  v 3.6
))
(../headers/babel.tex (/var/lib/texmf/tex/generic/babel/babel.sty
Package: babel 2008/07/08 v3.8m The Babel package

(/usr/share/texlive/texmf-dist/tex/generic/babel/english.ldf
Language: english 2005/03/30 v3.3o English support from the babel system

(/usr/share/texlive/texmf-dist/tex/generic/babel/babel.def
File: babel.def 2008/07/08 v3.8m Babel common definitions
\babel@savecnt=\count104
\U@D=\dimen127
)
\l@canadian = a dialect from \language\l@american 
\l@australian = a dialect from \language\l@british 
\l@newzealand = a dialect from \language\l@british 
)))
(../headers/svg.tex) (../headers/packages2.tex
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/mathptmx.sty
Package: mathptmx 2005/04/12 PSNFSS-v9.2a Times w/ Math, improved (SPQR, WaS) 
LaTeX Font Info:    Redeclaring symbol font `operators' on input line 28.
LaTeX Font Info:    Overwriting symbol font `operators' in version `normal'
(Font)                  OT1/cmr/m/n --> OT1/ztmcm/m/n on input line 28.
LaTeX Font Info:    Overwriting symbol font `operators' in version `bold'
(Font)                  OT1/cmr/bx/n --> OT1/ztmcm/m/n on input line 28.
LaTeX Font Info:    Redeclaring symbol font `letters' on input line 29.
LaTeX Font Info:    Overwriting symbol font `letters' in version `normal'
(Font)                  OML/cmm/m/it --> OML/ztmcm/m/it on input line 29.
LaTeX Font Info:    Overwriting symbol font `letters' in version `bold'
(Font)                  OML/cmm/b/it --> OML/ztmcm/m/it on input line 29.
LaTeX Font Info:    Redeclaring symbol font `symbols' on input line 30.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `normal'
(Font)                  OMS/cmsy/m/n --> OMS/ztmcm/m/n on input line 30.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `bold'
(Font)                  OMS/cmsy/b/n --> OMS/ztmcm/m/n on input line 30.
LaTeX Font Info:    Redeclaring symbol font `largesymbols' on input line 31.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `normal'
(Font)                  OMX/cmex/m/n --> OMX/ztmcm/m/n on input line 31.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `bold'
(Font)                  OMX/cmex/m/n --> OMX/ztmcm/m/n on input line 31.
\symbold=\mathgroup4
\symitalic=\mathgroup5
LaTeX Font Info:    Redeclaring math alphabet \mathbf on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `normal'
(Font)                  OT1/cmr/bx/n --> OT1/ptm/bx/n on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `bold'
(Font)                  OT1/cmr/bx/n --> OT1/ptm/bx/n on input line 34.
LaTeX Font Info:    Redeclaring math alphabet \mathit on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `normal'
(Font)                  OT1/cmr/m/it --> OT1/ptm/m/it on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `bold'
(Font)                  OT1/cmr/bx/it --> OT1/ptm/m/it on input line 35.
LaTeX Info: Redefining \hbar on input line 50.
)
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/helvet.sty
Package: helvet 2005/04/12 PSNFSS-v9.2a (WaS) 
)
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/courier.sty
Package: courier 2005/04/12 PSNFSS-v9.2a (WaS) 
)
(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package

(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.def
File: t1enc.def 2005/09/27 v1.99g Standard LaTeX file
LaTeX Font Info:    Redeclaring font encoding T1 on input line 43.
))
(/usr/share/texlive/texmf-dist/tex/latex/multirow/multirow.sty)
(/usr/share/texlive/texmf-dist/tex/latex/tools/multicol.sty
Package: multicol 2011/06/27 v1.7a multicolumn formatting (FMi)
\c@tracingmulticols=\count105
\mult@box=\box36
\multicol@leftmargin=\dimen128
\c@unbalance=\count106
\c@collectmore=\count107
\doublecol@number=\count108
\multicoltolerance=\count109
\multicolpretolerance=\count110
\full@width=\dimen129
\page@free=\dimen130
\premulticols=\dimen131
\postmulticols=\dimen132
\multicolsep=\skip62
\multicolbaselineskip=\skip63
\partial@page=\box37
\last@line=\box38
\mult@rightbox=\box39
\mult@grightbox=\box40
\mult@gfirstbox=\box41
\mult@firstbox=\box42
\@tempa=\box43
\@tempa=\box44
\@tempa=\box45
\@tempa=\box46
\@tempa=\box47
\@tempa=\box48
\@tempa=\box49
\@tempa=\box50
\@tempa=\box51
\@tempa=\box52
\@tempa=\box53
\@tempa=\box54
\@tempa=\box55
\@tempa=\box56
\@tempa=\box57
\@tempa=\box58
\@tempa=\box59
\c@columnbadness=\count111
\c@finalcolumnbadness=\count112
\last@try=\dimen133
\multicolovershoot=\dimen134
\multicolundershoot=\dimen135
\mult@nat@firstbox=\box60
\colbreak@box=\box61
\multicol@sort@counter=\count113
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/array.sty
Package: array 2008/09/09 v2.4c Tabular extension package (FMi)
\col@sep=\dimen136
\extrarowheight=\dimen137
\NC@list=\toks18
\extratabsurround=\skip64
\backup@length=\skip65
)
(/usr/share/texlive/texmf-dist/tex/latex/ms/ragged2e.sty
Package: ragged2e 2009/05/21 v2.1 ragged2e Package (MS)

(/usr/share/texlive/texmf-dist/tex/latex/ms/everysel.sty
Package: everysel 2011/10/28 v1.2 EverySelectfont Package (MS)
)
\CenteringLeftskip=\skip66
\RaggedLeftLeftskip=\skip67
\RaggedRightLeftskip=\skip68
\CenteringRightskip=\skip69
\RaggedLeftRightskip=\skip70
\RaggedRightRightskip=\skip71
\CenteringParfillskip=\skip72
\RaggedLeftParfillskip=\skip73
\RaggedRightParfillskip=\skip74
\JustifyingParfillskip=\skip75
\CenteringParindent=\skip76
\RaggedLeftParindent=\skip77
\RaggedRightParindent=\skip78
\JustifyingParindent=\skip79
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/longtable.sty
Package: longtable 2004/02/01 v4.11 Multi-page Table package (DPC)
\LTleft=\skip80
\LTright=\skip81
\LTpre=\skip82
\LTpost=\skip83
\LTchunksize=\count114
\LTcapwidth=\dimen138
\LT@head=\box62
\LT@firsthead=\box63
\LT@foot=\box64
\LT@lastfoot=\box65
\LT@cols=\count115
\LT@rows=\count116
\c@LT@tables=\count117
\c@LT@chunks=\count118
\LT@p@ftn=\toks19
)
Class scrbook Info: longtable captions redefined on input line 17.

(/usr/share/texlive/texmf-dist/tex/latex/koma-script/scrpage2.sty
Package: scrpage2 2010/04/22 v2.5 LaTeX2e KOMA-Script package
LaTeX Info: Redefining \pagemark on input line 176.
)
(/usr/share/texlive/texmf-dist/tex/latex/mdwtools/footnote.sty
Package: footnote 1997/01/28 1.13 Save footnotes around boxes
\fn@notes=\box66
\fn@width=\dimen139
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/verbatim.sty
Package: verbatim 2003/08/22 v1.5q LaTeX2e package for verbatim enhancements
\every@verbatim=\toks20
\verbatim@line=\toks21
\verbatim@in@stream=\read1
)
(/usr/share/texlive/texmf-dist/tex/latex/framed/framed.sty
Package: framed 2011/10/22 v 0.96: framed or shaded text with page breaks
\OuterFrameSep=\skip84
\fb@frw=\dimen140
\fb@frh=\dimen141
\FrameRule=\dimen142
\FrameSep=\dimen143
) (./mdframed.sty
Package: mdframed 2010/12/22  v0.6a: mdframed

(/usr/share/texlive/texmf-dist/tex/latex/etex-pkg/etex.sty
Package: etex 1998/03/26 v2.0 eTeX basic definition package (PEB)
\et@xins=\count119
)
(/usr/share/texlive/texmf-dist/tex/latex/tools/calc.sty
Package: calc 2007/08/22 v4.3 Infix arithmetic (KKT,FJ)
\calc@Acount=\count120
\calc@Bcount=\count121
\calc@Adimen=\dimen144
\calc@Bdimen=\dimen145
\calc@Askip=\skip85
\calc@Bskip=\skip86
LaTeX Info: Redefining \setlength on input line 76.
LaTeX Info: Redefining \addtolength on input line 77.
\calc@Ccount=\count122
\calc@Cskip=\skip87
) (./etoolbox.sty
Package: etoolbox 2011/01/03 v2.1 e-TeX tools for LaTeX
\etb@tempcnta=\count123
)
\md@templength=\skip88
\mdf@skipabove@length=\skip89
\mdf@skipbelow@length=\skip90
\mdf@leftmargin@length=\skip91
\mdf@rightmargin@length=\skip92
\mdf@margin@length=\skip93
\mdf@innerleftmargin@length=\skip94
\mdf@innerrightmargin@length=\skip95
\mdf@innertopmargin@length=\skip96
\mdf@innerbottommargin@length=\skip97
\mdf@splittopskip@length=\skip98
\mdf@splitbottomskip@length=\skip99
\mdf@linewidth@length=\skip100
\mdf@innerlinewidth@length=\skip101
\mdf@middlelinewidth@length=\skip102
\mdf@outerlinewidth@length=\skip103
\mdf@roundcorner@length=\skip104

(./md-frame-0.mdf
File: md-frame-3.mdf 2010/12/22  v0.6a: md-frame-0
)
\md@temp@skip@a=\skip105
\md@verticalmarginwhole@length=\skip106
\mdf@xmargin@length=\skip107
\mdf@ymargin@length=\skip108
\mdfboxheight=\skip109
\mdfboxwidth=\skip110
\mdfboundingboxheight=\skip111
\mdfboundingboxwidth=\skip112
\mdfpositionx=\skip113
\mdfpositiony=\skip114
\md@freevspace@length=\skip115
\md@horizontalspaceofbox=\skip116
\md@temp@frame@hsize=\skip117
\md@temp@frame@vsize=\skip118
)
(/usr/share/texlive/texmf-dist/tex/latex/listings/listings.sty
\lst@mode=\count124
\lst@gtempboxa=\box67
\lst@token=\toks22
\lst@length=\count125
\lst@currlwidth=\dimen146
\lst@column=\count126
\lst@pos=\count127
\lst@lostspace=\dimen147
\lst@width=\dimen148
\lst@newlines=\count128
\lst@lineno=\count129
\lst@maxwidth=\dimen149

(/usr/share/texlive/texmf-dist/tex/latex/listings/lstmisc.sty
File: lstmisc.sty 2007/02/22 1.4 (Carsten Heinz)
\c@lstnumber=\count130
\lst@skipnumbers=\count131
\lst@framebox=\box68
)
(/usr/share/texlive/texmf-dist/tex/latex/listings/listings.cfg
File: listings.cfg 2007/02/22 1.4 listings configuration
))
Package: listings 2007/02/22 1.4 (Carsten Heinz)

(/usr/share/texlive/texmf-dist/tex/latex/lineno/lineno.sty
Package: lineno 2005/11/02 line numbers on paragraphs v4.41
\linenopenalty=\count132
\output=\toks23
\linenoprevgraf=\count133
\linenumbersep=\dimen150
\linenumberwidth=\dimen151
\c@linenumber=\count134
\c@pagewiselinenumber=\count135
\c@LN@truepage=\count136
\c@internallinenumber=\count137
\c@internallinenumbers=\count138
\quotelinenumbersep=\dimen152
\bframerule=\dimen153
\bframesep=\dimen154
\bframebox=\box69
LaTeX Info: Redefining \\ on input line 3056.
)
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsmath.sty
Package: amsmath 2000/07/18 v2.13 AMS math features
\@mathmargin=\skip119

For additional information on amsmath, use the `?' option.
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amstext.sty
Package: amstext 2000/06/29 v2.01

(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsgen.sty
File: amsgen.sty 1999/11/30 v2.0
\@emptytoks=\toks24
\ex@=\dimen155
))
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsbsy.sty
Package: amsbsy 1999/11/29 v1.2d
\pmbraise@=\dimen156
)
(/usr/share/texlive/texmf-dist/tex/latex/amsmath/amsopn.sty
Package: amsopn 1999/12/14 v2.01 operator names
)
\inf@bad=\count139
LaTeX Info: Redefining \frac on input line 211.
\uproot@=\count140
\leftroot@=\count141
LaTeX Info: Redefining \overline on input line 307.
\classnum@=\count142
\DOTSCASE@=\count143
LaTeX Info: Redefining \ldots on input line 379.
LaTeX Info: Redefining \dots on input line 382.
LaTeX Info: Redefining \cdots on input line 467.
\Mathstrutbox@=\box70
\strutbox@=\box71
\big@size=\dimen157
LaTeX Font Info:    Redeclaring font encoding OML on input line 567.
LaTeX Font Info:    Redeclaring font encoding OMS on input line 568.
\macc@depth=\count144
\c@MaxMatrixCols=\count145
\dotsspace@=\muskip11
\c@parentequation=\count146
\dspbrk@lvl=\count147
\tag@help=\toks25
\row@=\count148
\column@=\count149
\maxfields@=\count150
\andhelp@=\toks26
\eqnshift@=\dimen158
\alignsep@=\dimen159
\tagshift@=\dimen160
\tagwidth@=\dimen161
\totwidth@=\dimen162
\lineht@=\dimen163
\@envbody=\toks27
\multlinegap=\skip120
\multlinetaggap=\skip121
\mathdisplay@stack=\toks28
LaTeX Info: Redefining \[ on input line 2666.
LaTeX Info: Redefining \] on input line 2667.
)
(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/amssymb.sty
Package: amssymb 2009/06/22 v3.00

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/amsfonts.sty
Package: amsfonts 2009/06/22 v3.00 Basic AMSFonts support
\symAMSa=\mathgroup6
\symAMSb=\mathgroup7
LaTeX Font Info:    Overwriting math alphabet `\mathfrak' in version `bold'
(Font)                  U/euf/m/n --> U/euf/b/n on input line 96.
))
(/usr/share/texlive/texmf-dist/tex/latex/psnfss/pifont.sty
Package: pifont 2005/04/12 PSNFSS-v9.2a Pi font support (SPQR) 
LaTeX Font Info:    Try loading font information for U+pzd on input line 63.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/upzd.fd
File: upzd.fd 2001/06/04 font definitions for U/pzd.
)
LaTeX Font Info:    Try loading font information for U+psy on input line 64.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/upsy.fd
File: upsy.fd 2001/06/04 font definitions for U/psy.
))
(/usr/share/texlive/texmf-dist/tex/latex/marvosym/marvosym.sty
Package: marvosym 2011/07/20 v2.2 Martin Vogel's Symbols font definitions
)
(/usr/share/texlive/texmf-dist/tex/latex/fourier/fourier-orns.sty
Package: fourier-orns 2004/01/30 1.1 fourier-ornaments package
)
(/usr/share/texlive/texmf-dist/tex/latex/graphics/graphicx.sty
Package: graphicx 1999/02/16 v1.0f Enhanced LaTeX Graphics (DPC,SPQR)
\Gin@req@height=\dimen164
\Gin@req@width=\dimen165
)
(/usr/share/texlive/texmf-dist/tex/latex/wasysym/wasysym.sty
Package: wasysym 2003/10/30 v2.0 Wasy-2 symbol support package
\symwasy=\mathgroup8
LaTeX Font Info:    Overwriting symbol font `wasy' in version `bold'
(Font)                  U/wasy/m/n --> U/wasy/b/n on input line 90.
)
(/usr/share/texlive/texmf-dist/tex/latex/bbm-macros/bbm.sty
Package: bbm 1999/03/15 V 1.2 provides fonts for set symbols - TH
LaTeX Font Info:    Overwriting math alphabet `\mathbbm' in version `bold'
(Font)                  U/bbm/m/n --> U/bbm/bx/n on input line 33.
LaTeX Font Info:    Overwriting math alphabet `\mathbbmss' in version `bold'
(Font)                  U/bbmss/m/n --> U/bbmss/bx/n on input line 35.
)
(/usr/share/texlive/texmf-dist/tex/latex/skull/skull.sty
Package: skull 2002/01/23 v0.1 (c) Henrik Christian Grove <grove@math.ku.dk>
\symSKULL=\mathgroup9
)
(/usr/share/texmf/tex/latex/tipa/tipa.sty
Package: tipa 2002/08/08 TIPA version 1.1

(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package

(/usr/share/texmf/tex/latex/tipa/t3enc.def
File: t3enc.def 2001/12/31 T3 encoding
LaTeX Font Info:    Try loading font information for T1+phv on input line 357.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/t1phv.fd
File: t1phv.fd 2001/06/04 scalable font definitions for T1/phv.
)
LaTeX Font Info:    Font shape `T1/phv/m/n' will be
(Font)              scaled to size 10.07397pt on input line 357.
)
(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.def
File: t1enc.def 2005/09/27 v1.99g Standard LaTeX file
LaTeX Font Info:    Redeclaring font encoding T1 on input line 43.
)))
(/usr/share/texlive/texmf-dist/tex/latex/fancyvrb/fancyvrb.sty
Package: fancyvrb 2008/02/07

Style option: `fancyvrb' v2.7a, with DG/SPQR fixes, and firstline=lastline fix 
<2008/02/07> (tvz)
\FV@CodeLineNo=\count151
\FV@InFile=\read2
\FV@TabBox=\box72
\c@FancyVerbLine=\count152
\FV@StepNumber=\count153
\FV@OutFile=\write3
) (/usr/share/texlive/texmf-dist/tex/latex/bbding/bbding.sty
Package: bbding 1999/04/15 v1.01 Dingbats symbols
) (/usr/share/texmf/tex/latex/xcolor/xcolor.sty
Package: xcolor 2007/01/21 v2.11 LaTeX color extensions (UK)

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/color.cfg
File: color.cfg 2007/01/18 v1.5 color configuration of teTeX/TeXLive
)
Package xcolor Info: Driver file: pdftex.def on input line 225.

(/usr/share/texlive/texmf-dist/tex/latex/colortbl/colortbl.sty
Package: colortbl 2012/02/13 v1.0a Color table columns (DPC)
\everycr=\toks29
\minrowclearance=\skip122
)
LaTeX Info: Redefining \color on input line 702.
\rownum=\count154
Package xcolor Info: Model `cmy' substituted by `cmy0' on input line 1337.
Package xcolor Info: Model `hsb' substituted by `rgb' on input line 1341.
Package xcolor Info: Model `RGB' extended on input line 1353.
Package xcolor Info: Model `HTML' substituted by `rgb' on input line 1355.
Package xcolor Info: Model `Hsb' substituted by `hsb' on input line 1356.
Package xcolor Info: Model `tHsb' substituted by `hsb' on input line 1357.
Package xcolor Info: Model `HSB' substituted by `hsb' on input line 1358.
Package xcolor Info: Model `Gray' substituted by `gray' on input line 1359.
Package xcolor Info: Model `wave' substituted by `hsb' on input line 1360.
)
(/usr/share/texlive/texmf-dist/tex/latex/microtype/microtype.sty
Package: microtype 2010/01/10 v2.4 Micro-typography with pdfTeX (RS)
\MT@toks=\toks30
\MT@count=\count155
LaTeX Info: Redefining \lsstyle on input line 1597.
LaTeX Info: Redefining \lslig on input line 1597.
\MT@outer@space=\skip123
LaTeX Info: Redefining \textls on input line 1605.
\MT@outer@kern=\dimen166
LaTeX Info: Redefining \textmicrotypecontext on input line 2156.
Package microtype Info: Loading configuration file microtype.cfg.

(/usr/share/texlive/texmf-dist/tex/latex/microtype/microtype.cfg
File: microtype.cfg 2010/01/10 v2.4 microtype main configuration file (RS)
))
(/usr/share/texlive/texmf-dist/tex/latex/graphics/lscape.sty
Package: lscape 2000/10/22 v3.01 Landscape Pages (DPC)
)
(/usr/share/texlive/texmf-dist/tex/latex/amscls/amsthm.sty
Package: amsthm 2009/07/02 v2.20.1
\thm@style=\toks31
\thm@bodyfont=\toks32
\thm@headfont=\toks33
\thm@notefont=\toks34
\thm@headpunct=\toks35
\thm@preskip=\skip124
\thm@postskip=\skip125
\thm@headsep=\skip126
\dth@everypar=\toks36
))
(../headers/defaultcolors.tex) (../headers/hyphenation.tex)
(../headers/commands.tex
\fnwidth=\skip127
\mylength=\skip128
\myhight=\skip129
\myshadingheight=\skip130
) (/usr/share/texmf/tex/latex/cm-super/type1ec.sty
Package: type1ec 2002/09/07 v1.1 Type1 EC font definitions (for CM-Super fonts)


(/usr/share/texlive/texmf-dist/tex/latex/base/t1cmr.fd
File: t1cmr.fd 1999/05/25 v2.5h Standard LaTeX font definitions
))
(/usr/share/texmf/tex/latex/CJK/CJKutf8.sty
Package: CJKutf8 2012/05/07 4.8.3

(/usr/share/texlive/texmf-dist/tex/latex/base/inputenc.sty
Package: inputenc 2008/03/30 v1.1d Input encoding file
\inpenc@prehook=\toks37
\inpenc@posthook=\toks38

(/usr/share/texlive/texmf-dist/tex/latex/base/utf8.def
File: utf8.def 2008/04/05 v1.1m UTF-8 support for inputenc
Now handling font encoding OML ...
... no UTF-8 mapping file for font encoding OML
Now handling font encoding T1 ...
... processing UTF-8 mapping file for font encoding T1

(/usr/share/texlive/texmf-dist/tex/latex/base/t1enc.dfu
File: t1enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00AB (decimal 171)
   defining Unicode char U+00BB (decimal 187)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C0 (decimal 192)
   defining Unicode char U+00C1 (decimal 193)
   defining Unicode char U+00C2 (decimal 194)
   defining Unicode char U+00C3 (decimal 195)
   defining Unicode char U+00C4 (decimal 196)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00C7 (decimal 199)
   defining Unicode char U+00C8 (decimal 200)
   defining Unicode char U+00C9 (decimal 201)
   defining Unicode char U+00CA (decimal 202)
   defining Unicode char U+00CB (decimal 203)
   defining Unicode char U+00CC (decimal 204)
   defining Unicode char U+00CD (decimal 205)
   defining Unicode char U+00CE (decimal 206)
   defining Unicode char U+00CF (decimal 207)
   defining Unicode char U+00D0 (decimal 208)
   defining Unicode char U+00D1 (decimal 209)
   defining Unicode char U+00D2 (decimal 210)
   defining Unicode char U+00D3 (decimal 211)
   defining Unicode char U+00D4 (decimal 212)
   defining Unicode char U+00D5 (decimal 213)
   defining Unicode char U+00D6 (decimal 214)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00D9 (decimal 217)
   defining Unicode char U+00DA (decimal 218)
   defining Unicode char U+00DB (decimal 219)
   defining Unicode char U+00DC (decimal 220)
   defining Unicode char U+00DD (decimal 221)
   defining Unicode char U+00DE (decimal 222)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E0 (decimal 224)
   defining Unicode char U+00E1 (decimal 225)
   defining Unicode char U+00E2 (decimal 226)
   defining Unicode char U+00E3 (decimal 227)
   defining Unicode char U+00E4 (decimal 228)
   defining Unicode char U+00E5 (decimal 229)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00E7 (decimal 231)
   defining Unicode char U+00E8 (decimal 232)
   defining Unicode char U+00E9 (decimal 233)
   defining Unicode char U+00EA (decimal 234)
   defining Unicode char U+00EB (decimal 235)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F0 (decimal 240)
   defining Unicode char U+00F1 (decimal 241)
   defining Unicode char U+00F2 (decimal 242)
   defining Unicode char U+00F3 (decimal 243)
   defining Unicode char U+00F4 (decimal 244)
   defining Unicode char U+00F5 (decimal 245)
   defining Unicode char U+00F6 (decimal 246)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+00F9 (decimal 249)
   defining Unicode char U+00FA (decimal 250)
   defining Unicode char U+00FB (decimal 251)
   defining Unicode char U+00FC (decimal 252)
   defining Unicode char U+00FD (decimal 253)
   defining Unicode char U+00FE (decimal 254)
   defining Unicode char U+00FF (decimal 255)
   defining Unicode char U+0102 (decimal 258)
   defining Unicode char U+0103 (decimal 259)
   defining Unicode char U+0104 (decimal 260)
   defining Unicode char U+0105 (decimal 261)
   defining Unicode char U+0106 (decimal 262)
   defining Unicode char U+0107 (decimal 263)
   defining Unicode char U+010C (decimal 268)
   defining Unicode char U+010D (decimal 269)
   defining Unicode char U+010E (decimal 270)
   defining Unicode char U+010F (decimal 271)
   defining Unicode char U+0110 (decimal 272)
   defining Unicode char U+0111 (decimal 273)
   defining Unicode char U+0118 (decimal 280)
   defining Unicode char U+0119 (decimal 281)
   defining Unicode char U+011A (decimal 282)
   defining Unicode char U+011B (decimal 283)
   defining Unicode char U+011E (decimal 286)
   defining Unicode char U+011F (decimal 287)
   defining Unicode char U+0130 (decimal 304)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0132 (decimal 306)
   defining Unicode char U+0133 (decimal 307)
   defining Unicode char U+0139 (decimal 313)
   defining Unicode char U+013A (decimal 314)
   defining Unicode char U+013D (decimal 317)
   defining Unicode char U+013E (decimal 318)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0143 (decimal 323)
   defining Unicode char U+0144 (decimal 324)
   defining Unicode char U+0147 (decimal 327)
   defining Unicode char U+0148 (decimal 328)
   defining Unicode char U+014A (decimal 330)
   defining Unicode char U+014B (decimal 331)
   defining Unicode char U+0150 (decimal 336)
   defining Unicode char U+0151 (decimal 337)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+0154 (decimal 340)
   defining Unicode char U+0155 (decimal 341)
   defining Unicode char U+0158 (decimal 344)
   defining Unicode char U+0159 (decimal 345)
   defining Unicode char U+015A (decimal 346)
   defining Unicode char U+015B (decimal 347)
   defining Unicode char U+015E (decimal 350)
   defining Unicode char U+015F (decimal 351)
   defining Unicode char U+0160 (decimal 352)
   defining Unicode char U+0161 (decimal 353)
   defining Unicode char U+0162 (decimal 354)
   defining Unicode char U+0163 (decimal 355)
   defining Unicode char U+0164 (decimal 356)
   defining Unicode char U+0165 (decimal 357)
   defining Unicode char U+016E (decimal 366)
   defining Unicode char U+016F (decimal 367)
   defining Unicode char U+0170 (decimal 368)
   defining Unicode char U+0171 (decimal 369)
   defining Unicode char U+0178 (decimal 376)
   defining Unicode char U+0179 (decimal 377)
   defining Unicode char U+017A (decimal 378)
   defining Unicode char U+017B (decimal 379)
   defining Unicode char U+017C (decimal 380)
   defining Unicode char U+017D (decimal 381)
   defining Unicode char U+017E (decimal 382)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201A (decimal 8218)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
   defining Unicode char U+201E (decimal 8222)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+2039 (decimal 8249)
   defining Unicode char U+203A (decimal 8250)
   defining Unicode char U+2423 (decimal 9251)
)
Now handling font encoding OT1 ...
... processing UTF-8 mapping file for font encoding OT1

(/usr/share/texlive/texmf-dist/tex/latex/base/ot1enc.dfu
File: ot1enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A1 (decimal 161)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00B8 (decimal 184)
   defining Unicode char U+00BF (decimal 191)
   defining Unicode char U+00C5 (decimal 197)
   defining Unicode char U+00C6 (decimal 198)
   defining Unicode char U+00D8 (decimal 216)
   defining Unicode char U+00DF (decimal 223)
   defining Unicode char U+00E6 (decimal 230)
   defining Unicode char U+00EC (decimal 236)
   defining Unicode char U+00ED (decimal 237)
   defining Unicode char U+00EE (decimal 238)
   defining Unicode char U+00EF (decimal 239)
   defining Unicode char U+00F8 (decimal 248)
   defining Unicode char U+0131 (decimal 305)
   defining Unicode char U+0141 (decimal 321)
   defining Unicode char U+0142 (decimal 322)
   defining Unicode char U+0152 (decimal 338)
   defining Unicode char U+0153 (decimal 339)
   defining Unicode char U+2013 (decimal 8211)
   defining Unicode char U+2014 (decimal 8212)
   defining Unicode char U+2018 (decimal 8216)
   defining Unicode char U+2019 (decimal 8217)
   defining Unicode char U+201C (decimal 8220)
   defining Unicode char U+201D (decimal 8221)
)
Now handling font encoding OMS ...
... processing UTF-8 mapping file for font encoding OMS

(/usr/share/texlive/texmf-dist/tex/latex/base/omsenc.dfu
File: omsenc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
)
Now handling font encoding OMX ...
... no UTF-8 mapping file for font encoding OMX
Now handling font encoding U ...
... no UTF-8 mapping file for font encoding U
Now handling font encoding TS1 ...
... processing UTF-8 mapping file for font encoding TS1

(/usr/share/texlive/texmf-dist/tex/latex/base/ts1enc.dfu
File: ts1enc.dfu 2008/04/05 v1.1m UTF-8 support for inputenc
   defining Unicode char U+00A2 (decimal 162)
   defining Unicode char U+00A3 (decimal 163)
   defining Unicode char U+00A4 (decimal 164)
   defining Unicode char U+00A5 (decimal 165)
   defining Unicode char U+00A6 (decimal 166)
   defining Unicode char U+00A7 (decimal 167)
   defining Unicode char U+00A8 (decimal 168)
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AC (decimal 172)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00AF (decimal 175)
   defining Unicode char U+00B0 (decimal 176)
   defining Unicode char U+00B1 (decimal 177)
   defining Unicode char U+00B2 (decimal 178)
   defining Unicode char U+00B3 (decimal 179)
   defining Unicode char U+00B4 (decimal 180)
   defining Unicode char U+00B5 (decimal 181)
   defining Unicode char U+00B6 (decimal 182)
   defining Unicode char U+00B7 (decimal 183)
   defining Unicode char U+00B9 (decimal 185)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+00BC (decimal 188)
   defining Unicode char U+00BD (decimal 189)
   defining Unicode char U+00BE (decimal 190)
   defining Unicode char U+00D7 (decimal 215)
   defining Unicode char U+00F7 (decimal 247)
   defining Unicode char U+0192 (decimal 402)
   defining Unicode char U+02C7 (decimal 711)
   defining Unicode char U+02D8 (decimal 728)
   defining Unicode char U+02DD (decimal 733)
   defining Unicode char U+0E3F (decimal 3647)
   defining Unicode char U+2016 (decimal 8214)
   defining Unicode char U+2020 (decimal 8224)
   defining Unicode char U+2021 (decimal 8225)
   defining Unicode char U+2022 (decimal 8226)
   defining Unicode char U+2030 (decimal 8240)
   defining Unicode char U+2031 (decimal 8241)
   defining Unicode char U+203B (decimal 8251)
   defining Unicode char U+203D (decimal 8253)
   defining Unicode char U+2044 (decimal 8260)
   defining Unicode char U+204E (decimal 8270)
   defining Unicode char U+2052 (decimal 8274)
   defining Unicode char U+20A1 (decimal 8353)
   defining Unicode char U+20A4 (decimal 8356)
   defining Unicode char U+20A6 (decimal 8358)
   defining Unicode char U+20A9 (decimal 8361)
   defining Unicode char U+20AB (decimal 8363)
   defining Unicode char U+20AC (decimal 8364)
   defining Unicode char U+20B1 (decimal 8369)
   defining Unicode char U+2103 (decimal 8451)
   defining Unicode char U+2116 (decimal 8470)
   defining Unicode char U+2117 (decimal 8471)
   defining Unicode char U+211E (decimal 8478)
   defining Unicode char U+2120 (decimal 8480)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2126 (decimal 8486)
   defining Unicode char U+2127 (decimal 8487)
   defining Unicode char U+212E (decimal 8494)
   defining Unicode char U+2190 (decimal 8592)
   defining Unicode char U+2191 (decimal 8593)
   defining Unicode char U+2192 (decimal 8594)
   defining Unicode char U+2193 (decimal 8595)
   defining Unicode char U+2329 (decimal 9001)
   defining Unicode char U+232A (decimal 9002)
   defining Unicode char U+2422 (decimal 9250)
   defining Unicode char U+25E6 (decimal 9702)
   defining Unicode char U+25EF (decimal 9711)
   defining Unicode char U+266A (decimal 9834)
)
Now handling font encoding PD1 ...
... no UTF-8 mapping file for font encoding PD1
Now handling font encoding PU ...
... no UTF-8 mapping file for font encoding PU
Now handling font encoding T3 ...
... no UTF-8 mapping file for font encoding T3
   defining Unicode char U+00A9 (decimal 169)
   defining Unicode char U+00AA (decimal 170)
   defining Unicode char U+00AE (decimal 174)
   defining Unicode char U+00BA (decimal 186)
   defining Unicode char U+02C6 (decimal 710)
   defining Unicode char U+02DC (decimal 732)
   defining Unicode char U+200C (decimal 8204)
   defining Unicode char U+2026 (decimal 8230)
   defining Unicode char U+2122 (decimal 8482)
   defining Unicode char U+2423 (decimal 9251)
))
(/usr/share/texmf/tex/latex/CJK/CJK.sty
Package: CJK 2012/05/07 4.8.3

(/usr/share/texmf/tex/latex/CJK/mule/MULEenc.sty
Package: MULEenc 2012/05/07 4.8.3
)
(/usr/share/texmf/tex/latex/CJK/CJK.enc
File: CJK.enc 2012/05/07 4.8.3
Now handling font encoding C00 ...
... no UTF-8 mapping file for font encoding C00
Now handling font encoding C05 ...
... no UTF-8 mapping file for font encoding C05
Now handling font encoding C09 ...
... no UTF-8 mapping file for font encoding C09
Now handling font encoding C10 ...
... no UTF-8 mapping file for font encoding C10
Now handling font encoding C20 ...
... no UTF-8 mapping file for font encoding C20
Now handling font encoding C19 ...
... no UTF-8 mapping file for font encoding C19
Now handling font encoding C40 ...
... no UTF-8 mapping file for font encoding C40
Now handling font encoding C42 ...
... no UTF-8 mapping file for font encoding C42
Now handling font encoding C43 ...
... no UTF-8 mapping file for font encoding C43
Now handling font encoding C50 ...
... no UTF-8 mapping file for font encoding C50
Now handling font encoding C52 ...
... no UTF-8 mapping file for font encoding C52
Now handling font encoding C49 ...
... no UTF-8 mapping file for font encoding C49
Now handling font encoding C60 ...
... no UTF-8 mapping file for font encoding C60
Now handling font encoding C61 ...
... no UTF-8 mapping file for font encoding C61
Now handling font encoding C63 ...
... no UTF-8 mapping file for font encoding C63
Now handling font encoding C64 ...
... no UTF-8 mapping file for font encoding C64
Now handling font encoding C65 ...
... no UTF-8 mapping file for font encoding C65
Now handling font encoding C70 ...
... no UTF-8 mapping file for font encoding C70
Now handling font encoding C31 ...
... no UTF-8 mapping file for font encoding C31
Now handling font encoding C32 ...
... no UTF-8 mapping file for font encoding C32
Now handling font encoding C33 ...
... no UTF-8 mapping file for font encoding C33
Now handling font encoding C34 ...
... no UTF-8 mapping file for font encoding C34
Now handling font encoding C35 ...
... no UTF-8 mapping file for font encoding C35
Now handling font encoding C36 ...
... no UTF-8 mapping file for font encoding C36
Now handling font encoding C37 ...
... no UTF-8 mapping file for font encoding C37
Now handling font encoding C80 ...
... no UTF-8 mapping file for font encoding C80
Now handling font encoding C81 ...
... no UTF-8 mapping file for font encoding C81
Now handling font encoding C01 ...
... no UTF-8 mapping file for font encoding C01
Now handling font encoding C11 ...
... no UTF-8 mapping file for font encoding C11
Now handling font encoding C21 ...
... no UTF-8 mapping file for font encoding C21
Now handling font encoding C41 ...
... no UTF-8 mapping file for font encoding C41
Now handling font encoding C62 ...
... no UTF-8 mapping file for font encoding C62
)
LaTeX Info: Redefining \selectfont on input line 755.
\CJK@indent=\box73
)
(/usr/share/texlive/texmf-dist/tex/latex/base/fontenc.sty
Package: fontenc 2005/09/27 v1.99g Standard LaTeX package
))
(/usr/share/texmf/tex/latex/CJK/ruby.sty
Package: ruby 2012/05/07 4.8.3
\ruby@width=\dimen167
)
(/usr/share/texmf/tex/latex/CJK/CJKulem.sty
Package: CJKulem 2012/05/07 4.8.3
\UL@lastkern=\dimen168
\CJK@skip=\skip131
) (../headers/title.tex)
(../headers/options.tex
LaTeX Font Info:    Try loading font information for T1+ptm on input line 13.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/t1ptm.fd
File: t1ptm.fd 2001/06/04 font definitions for T1/ptm.
)

Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 18%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 13
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 433.35742pt
(typearea)              DIV departure   = -18%
(typearea)              \evensidemargin = 14.40149pt
(typearea)              \oddsidemargin  = 5.20905pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 650.20029pt
(typearea)              \topmargin      = -44.6664pt
(typearea)              \headheight     = 17.0pt
(typearea)              \headsep        = 20.40001pt
(typearea)              \topskip        = 11.0pt
(typearea)              \footskip       = 47.60002pt
(typearea)              \baselineskip   = 13.6pt
(typearea)              on input line 13.
) (../headers/formattings.tex
Package hyperref Info: Option `breaklinks' set `true' on input line 17.
Package hyperref Info: Option `colorlinks' set `false' on input line 17.
Package hyperref Info: Option `bookmarksopen' set `true' on input line 17.
Package hyperref Info: Option `bookmarksnumbered' set `true' on input line 17.
Package hyperref Info: Option `frenchlinks' set `false' on input line 17.
) (../headers/unicodes.tex)
(../headers/templates.tex
\wbtemplengtha=\skip132
\wbtemplengthb=\skip133
\wbtemplengthc=\skip134
\wbtemplengthd=\skip135
\wbtemplengthe=\skip136
\wbtempcounta=\count156
\wbtempcountb=\count157
\wbtempcountc=\count158


! LaTeX Error: Command \PDFLink already defined.
               Or name \end... illegal, see p.192 of the manual.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.581 \newcommand{\PDFLink}[1]{#1 PDF}
                                      
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

\c@satz=\count159
\c@beweis=\count160
\c@beispiel=\count161
\c@mydef=\count162
) (../headers/templates-dirk.tex) (../headers/templates-chemie.tex)
(/usr/share/texmf/tex/latex/lm/lmodern.sty
Package: lmodern 2009/10/30 v1.6 Latin Modern Fonts
LaTeX Font Info:    Overwriting symbol font `operators' in version `normal'
(Font)                  OT1/ztmcm/m/n --> OT1/lmr/m/n on input line 22.
LaTeX Font Info:    Overwriting symbol font `letters' in version `normal'
(Font)                  OML/ztmcm/m/it --> OML/lmm/m/it on input line 23.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `normal'
(Font)                  OMS/ztmcm/m/n --> OMS/lmsy/m/n on input line 24.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `normal'
(Font)                  OMX/ztmcm/m/n --> OMX/lmex/m/n on input line 25.
LaTeX Font Info:    Overwriting symbol font `operators' in version `bold'
(Font)                  OT1/ztmcm/m/n --> OT1/lmr/bx/n on input line 26.
LaTeX Font Info:    Overwriting symbol font `letters' in version `bold'
(Font)                  OML/ztmcm/m/it --> OML/lmm/b/it on input line 27.
LaTeX Font Info:    Overwriting symbol font `symbols' in version `bold'
(Font)                  OMS/ztmcm/m/n --> OMS/lmsy/b/n on input line 28.
LaTeX Font Info:    Overwriting symbol font `largesymbols' in version `bold'
(Font)                  OMX/ztmcm/m/n --> OMX/lmex/m/n on input line 29.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `normal'
(Font)                  OT1/ptm/bx/n --> OT1/lmr/bx/n on input line 31.
LaTeX Font Info:    Overwriting math alphabet `\mathsf' in version `normal'
(Font)                  OT1/cmss/m/n --> OT1/lmss/m/n on input line 32.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `normal'
(Font)                  OT1/ptm/m/it --> OT1/lmr/m/it on input line 33.
LaTeX Font Info:    Overwriting math alphabet `\mathtt' in version `normal'
(Font)                  OT1/cmtt/m/n --> OT1/lmtt/m/n on input line 34.
LaTeX Font Info:    Overwriting math alphabet `\mathbf' in version `bold'
(Font)                  OT1/ptm/bx/n --> OT1/lmr/bx/n on input line 35.
LaTeX Font Info:    Overwriting math alphabet `\mathsf' in version `bold'
(Font)                  OT1/cmss/bx/n --> OT1/lmss/bx/n on input line 36.
LaTeX Font Info:    Overwriting math alphabet `\mathit' in version `bold'
(Font)                  OT1/ptm/m/it --> OT1/lmr/bx/it on input line 37.
LaTeX Font Info:    Overwriting math alphabet `\mathtt' in version `bold'
(Font)                  OT1/cmtt/m/n --> OT1/lmtt/m/n on input line 38.
) (./main.aux)
\openout1 = `main.aux'.

LaTeX Font Info:    Checking defaults for OML/cmm/m/it on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for T1/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OT1/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OMS/cmsy/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for OMX/cmex/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for U/cmr/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for TS1/cmr/m/n on input line 23.
LaTeX Font Info:    Try loading font information for TS1+cmr on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/base/ts1cmr.fd
File: ts1cmr.fd 1999/05/25 v2.5h Standard LaTeX font definitions
)
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for PD1/pdf/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for PU/pdf/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for T3/cmr/m/n on input line 23.
LaTeX Font Info:    Try loading font information for T3+cmr on input line 23.

(/usr/share/texmf/tex/latex/tipa/t3cmr.fd
File: t3cmr.fd 2001/12/31 TIPA font definitions
)
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C00/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C05/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C09/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C10/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C20/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C19/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C40/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C42/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C43/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C50/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C52/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C49/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C60/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C61/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C63/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C64/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C65/mj/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C70/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C31/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C32/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C33/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C34/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C35/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C36/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C37/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C80/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C81/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C01/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C11/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C21/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C41/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Checking defaults for C62/song/m/n on input line 23.
LaTeX Font Info:    ... okay on input line 23.
LaTeX Font Info:    Try loading font information for T1+lmr on input line 23.

(/usr/share/texmf/tex/latex/lm/t1lmr.fd
File: t1lmr.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
(/usr/share/texlive/texmf-dist/tex/context/base/supp-pdf.mkii
[Loading MPS to PDF converter (version 2006.09.02).]
\scratchcounter=\count163
\scratchdimen=\dimen169
\scratchbox=\box74
\nofMPsegments=\count164
\nofMParguments=\count165
\everyMPshowfont=\toks39
\MPscratchCnt=\count166
\MPscratchDim=\dimen170
\MPnumerator=\count167
\makeMPintoPDFobject=\count168
\everyMPtoPDFconversion=\toks40
)
\AtBeginShipoutBox=\box75
Package hyperref Info: Link coloring OFF on input line 23.
 (/usr/share/texlive/texmf-dist/tex/latex/hyperref/nameref.sty
Package: nameref 2010/04/30 v2.40 Cross-referencing by name of section

(/usr/share/texlive/texmf-dist/tex/generic/oberdiek/gettitlestring.sty
Package: gettitlestring 2010/12/03 v1.4 Cleanup title references (HO)
)
\c@section@level=\count169
)
LaTeX Info: Redefining \ref on input line 23.
LaTeX Info: Redefining \pageref on input line 23.
LaTeX Info: Redefining \nameref on input line 23.

(./main.out) (./main.out)
\@outlinefile=\write4
\openout4 = `main.out'.

LaTeX Font Info:    Try loading font information for T1+lmss on input line 23.
 (/usr/share/texmf/tex/latex/lm/t1lmss.fd
File: t1lmss.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
Package tocstyle Info: prepare \l@part for redefinition on input line 23.
Package tocstyle Info: prepare \l@chapter for redefinition on input line 23.
Package tocstyle Info: prepare \l@section for redefinition on input line 23.
LaTeX Font Info:    Try loading font information for OT1+lmr on input line 23.

(/usr/share/texmf/tex/latex/lm/ot1lmr.fd
File: ot1lmr.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    Try loading font information for OML+lmm on input line 23.

(/usr/share/texmf/tex/latex/lm/omllmm.fd
File: omllmm.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    Try loading font information for OMS+lmsy on input line 23.


(/usr/share/texmf/tex/latex/lm/omslmsy.fd
File: omslmsy.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    Try loading font information for OMX+lmex on input line 23.


(/usr/share/texmf/tex/latex/lm/omxlmex.fd
File: omxlmex.fd 2009/10/30 v1.6 Font defs for Latin Modern
)
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <10.95> on input line 23.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <8> on input line 23.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <6> on input line 23.
LaTeX Font Info:    Try loading font information for OT1+ptm on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/psnfss/ot1ptm.fd
File: ot1ptm.fd 2001/06/04 font definitions for OT1/ptm.
)
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <10.95> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 23.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <8> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 23.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <6> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 23.
LaTeX Font Info:    Try loading font information for U+msa on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/umsa.fd
File: umsa.fd 2009/06/22 v3.00 AMS symbols A
)
LaTeX Font Info:    Try loading font information for U+msb on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/amsfonts/umsb.fd
File: umsb.fd 2009/06/22 v3.00 AMS symbols B
)
LaTeX Font Info:    Try loading font information for U+wasy on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/wasysym/uwasy.fd
File: uwasy.fd 2003/10/30 v2.0 Wasy-2 symbol font definitions
)
Package tocstyle Info: prepare \l@subsection for redefinition on input line 23.

Package tocstyle Info: prepare \l@table for redefinition on input line 23.
Package tocstyle Info: prepare \l@figure for redefinition on input line 23.

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/epstopdf-base.sty
Package: epstopdf-base 2010/02/09 v2.5 Base part for package epstopdf

(/usr/share/texlive/texmf-dist/tex/latex/oberdiek/grfext.sty
Package: grfext 2010/08/19 v1.1 Manage graphics extensions (HO)
)
Package grfext Info: Graphics extension search list:
(grfext)             [.png,.pdf,.jpg,.mps,.jpeg,.jbig2,.jb2,.PNG,.PDF,.JPG,.JPE
G,.JBIG2,.JB2,.eps]
(grfext)             \AppendGraphicsExtensions on input line 452.

(/usr/share/texlive/texmf-dist/tex/latex/latexconfig/epstopdf-sys.cfg
File: epstopdf-sys.cfg 2010/07/13 v1.3 Configuration of (r)epstopdf for TeX Liv
e
))

Class scrbook Warning: discard change of \selectfont.

ABD: EverySelectfont initializing macros

LaTeX Warning: Command \selectfont   has changed.
               Check if current package is valid.

LaTeX Info: Redefining \selectfont on input line 23.
\c@lstlisting=\count170
LaTeX Info: Redefining \microtypecontext on input line 23.
Package microtype Info: Generating PDF output.
Package microtype Info: Character protrusion enabled (level 2).
Package microtype Info: Using default protrusion set `alltext'.
Package microtype Info: Automatic font expansion enabled (level 2),
(microtype)             stretch: 20, shrink: 20, step: 1, non-selected.
Package microtype Info: Using default expansion set `basictext'.
Package microtype Info: No tracking.
Package microtype Info: No adjustment of interword spacing.
Package microtype Info: No adjustment of character kerning.
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-cmr.cfg
File: mt-cmr.cfg 2009/11/09 v2.0 microtype config. file: Computer Modern Roman 
(RS)
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.bdg
File: UTF8.bdg 2012/05/07 4.8.3
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.enc
File: UTF8.enc 2012/05/07 4.8.3
)
(/usr/share/texmf/tex/latex/CJK/UTF8/UTF8.chr
File: UTF8.chr 2012/05/07 4.8.3
)
exclude: 
exclude: 
exclude: 
exclude: 
exclude: 
exclude: 
exclude: 
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <14.4> on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <14.4> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-ptm.cfg
File: mt-ptm.cfg 2006/04/20 v1.7 microtype config. file: Times (RS)
)
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-msa.cfg
File: mt-msa.cfg 2006/02/04 v1.1 microtype config. file: AMS symbols (a) (RS)
)
(/usr/share/texlive/texmf-dist/tex/latex/microtype/mt-msb.cfg
File: mt-msb.cfg 2005/06/01 v1.0 microtype config. file: AMS symbols (b) (RS)
)

LaTeX Warning: No \author given.

[1



{/var/lib/texmf/fonts/map/pdftex/updmap/pdftex.map}]
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <10> on input line 34.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <7.4> on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <10> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <7.4> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 34.
LaTeX Font Info:    Try loading font information for T1+lmtt on input line 34.

(/usr/share/texmf/tex/latex/lm/t1lmtt.fd
File: t1lmtt.fd 2009/10/30 v1.6 Font defs for Latin Modern
) [2

]
Package tocbasic Info: character protrusion at toc deactivated on input line 37
.
 (./main.toc
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
[3


]
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
[4]
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
[5]
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
[6]
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
[7]
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
[8]
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 0):  0.0pt
text indent by \l@... (toc, 0):  16.42499pt
number indent by parent (toc, 0):  0.0pt
text indent calculated (toc, 0): 18.8887pt
number indent calculated (toc, 0): 0.0pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
number indent by \l@... (toc, 1):  16.42499pt
text indent by \l@... (toc, 1):  25.18501pt
number indent by parent (toc, 1):  18.8887pt
text indent calculated (toc, 1): 30.4166pt
number indent calculated (toc, 1): 18.8887pt
)
\tf@toc=\write5
\openout5 = `main.toc'.

 [1] [2


]
Chapter 1.

Class scrbook Warning: \float@addtolists detected!
(scrbook)              You should use the features of package `tocbasic'
(scrbook)              instead of \float@addtolists.
(scrbook)              Support for \float@addtolists may be removed from
(scrbook)              `scrbook' soon .
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]
Chapter 2.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <9> on input line 66.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <7> on input line 66.
LaTeX Font Info:    External font `lmex10' loaded for size
(Font)              <5> on input line 66.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <9> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 66.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <7> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 66.
LaTeX Font Info:    Font shape `OT1/ptm/bx/n' in size <5> not available
(Font)              Font shape `OT1/ptm/b/n' tried instead on input line 66.
LaTeX Font Info:    Try loading font information for TS1+lmr on input line 73.
(/usr/share/texmf/tex/latex/lm/ts1lmr.fd
File: ts1lmr.fd 2009/10/30 v1.6 Font defs for Latin Modern
) [5] [6]
<../images/1.jpg, id=1457, 458.85715pt x 458.85715pt>
File: ../images/1.jpg Graphic file (type jpg)
 <use ../images/1.jpg>
Package pdftex.def Info: ../images/1.jpg used on input line 136.
(pdftex.def)             Requested size: 433.36324pt x 433.36324pt.

[7 <../images/1.jpg>] <../images/2.jpg, id=1462, 395.4775pt x 552.0625pt>
File: ../images/2.jpg Graphic file (type jpg)

<use ../images/2.jpg>
Package pdftex.def Info: ../images/2.jpg used on input line 173.
(pdftex.def)             Requested size: 140.83902pt x 196.60269pt.
 [8] [9 <../images/2.jpg>]
<../images/3.jpg, id=1474, 1244.65pt x 1674.255pt>
File: ../images/3.jpg Graphic file (type jpg)
 <use ../images/3.jpg>
Package pdftex.def Info: ../images/3.jpg used on input line 200.
(pdftex.def)             Requested size: 135.41156pt x 182.1504pt.

[10 <../images/3.jpg>]
Chapter 3.
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] [16] [17] [18]
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Underfull \hbox (badness 10000) in paragraph at lines 719--720
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Underfull \hbox (badness 10000) in paragraph at lines 723--724

 []


Underfull \hbox (badness 10000) in paragraph at lines 725--726

 []


Underfull \hbox (badness 10000) in paragraph at lines 727--728

 []


Underfull \hbox (badness 10000) in paragraph at lines 729--730
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Underfull \hbox (badness 10000) in paragraph at lines 735--736

 []
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[25] [26] [27] [28] [29]
LaTeX Font Info:    Try loading font information for C70+megafont on input line
 1203.

(/home/dirk/.texmf-var/tex/latex/megafont/c70megafont.fd
File: c70megafont.fd 
) [30]
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] [32] <../images/4.jpg, id=1798, 370.38374pt x 425.33907pt>
File: ../images/4.jpg Graphic file (type jpg)

<use ../images/4.jpg>
Package pdftex.def Info: ../images/4.jpg used on input line 1287.
(pdftex.def)             Requested size: 199.26953pt x 228.83594pt.
 [33 <../images/4.jpg>] [34] [35] [36]
Chapter 9.
<../images/5.png, id=1876, 465.74pt x 410.53375pt>
File: ../images/5.png Graphic file (type png)
 <use ../images/5.png>
Package pdftex.def Info: ../images/5.png used on input line 1390.
(pdftex.def)             Requested size: 433.37535pt x 382.00542pt.
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Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `\mathsurround' on input line 1775.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `\z@' on input line 1775.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `math shift' on input line 1775.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `superscript' on input line 1775.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `math shift' on input line 1775.

[44] [45] [46]
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]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.2023 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.


Underfull \hbox (badness 10000) in paragraph at lines 2026--2027

 []


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `\mathsurround' on input line 2032.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `\z@' on input line 2032.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `math shift' on input line 2032.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `superscript' on input line 2032.


Package hyperref Warning: Token not allowed in a PDF string (Unicode):
(hyperref)                removing `math shift' on input line 2032.
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]
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[51]
Underfull \hbox (badness 10000) in paragraph at lines 2181--2182

 []

[52] [53] [54]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.2352 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.
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[65] [66] [67] [68]
Chapter 17.
[69


] [70] [71] [72] [73] [74


]
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[75] [76] [77] [78]
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[79
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[87] [88] [89] [90] [91] [92


]
Chapter 22.
[93] [94] [95] [96] [97] [98] [99]
Underfull \hbox (badness 10000) in paragraph at lines 4079--4079
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / wiki / General % 20Biolog
y % 2FClassification % 20of % 20Living %
 []

[100] [101] [102] [103] [104] [105] [106


]
Chapter 23.
[107] [108]

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.4498 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

[109] [110] [111] [112] [113] [114] [115] [116]
<../images/6.jpg, id=2412, 497.86pt x 373.395pt>
File: ../images/6.jpg Graphic file (type jpg)
 <use ../images/6.jpg>
Package pdftex.def Info: ../images/6.jpg used on input line 4849.
(pdftex.def)             Requested size: 433.3702pt x 325.02765pt.
 [117 <../images/6.jpg>] <../images/7.jpg, id=2417, 168.63pt x 251.0178pt>
File: ../images/7.jpg Graphic file (type jpg)

<use ../images/7.jpg>
Package pdftex.def Info: ../images/7.jpg used on input line 4879.
(pdftex.def)             Requested size: 315.59378pt x 469.78392pt.
 [118] [119 <../images/7.jpg>] [120] [121]
<../images/8.jpg, id=2462, 501.875pt x 301.125pt>
File: ../images/8.jpg Graphic file (type jpg)
 <use ../images/8.jpg>
Package pdftex.def Info: ../images/8.jpg used on input line 5002.
(pdftex.def)             Requested size: 433.38074pt x 260.02843pt.
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Underfull \hbox (badness 10000) in paragraph at lines 5542--5543

 []


Underfull \hbox (badness 10000) in paragraph at lines 5544--5545

 []


Underfull \hbox (badness 10000) in paragraph at lines 5548--5549

 []


Underfull \hbox (badness 10000) in paragraph at lines 5550--5551

 []


Underfull \hbox (badness 10000) in paragraph at lines 5552--5553

 []


Underfull \hbox (badness 10000) in paragraph at lines 5556--5557

 []


Underfull \hbox (badness 10000) in paragraph at lines 5558--5559

 []


Underfull \hbox (badness 10000) in paragraph at lines 5560--5561

 []


Underfull \hbox (badness 10000) in paragraph at lines 5564--5565

 []


Underfull \hbox (badness 10000) in paragraph at lines 5566--5567

 []
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Underfull \hbox (badness 10000) in paragraph at lines 5568--5569

 []


Underfull \hbox (badness 10000) in paragraph at lines 5576--5577

 []


Underfull \hbox (badness 10000) in paragraph at lines 5584--5585

 []


Underfull \hbox (badness 10000) in paragraph at lines 5586--5587

 []


Underfull \hbox (badness 10000) in paragraph at lines 5588--5589

 []

[140]
Underfull \hbox (badness 10000) in paragraph at lines 5604--5605

 []


Underfull \hbox (badness 10000) in paragraph at lines 5606--5607

 []


Underfull \hbox (badness 10000) in paragraph at lines 5608--5609

 []


Underfull \hbox (badness 10000) in paragraph at lines 5612--5613

 []


Underfull \hbox (badness 10000) in paragraph at lines 5614--5615

 []


Underfull \hbox (badness 10000) in paragraph at lines 5616--5617

 []


Underfull \hbox (badness 10000) in paragraph at lines 5622--5623

 []


Underfull \hbox (badness 10000) in paragraph at lines 5624--5625

 []


Underfull \hbox (badness 10000) in paragraph at lines 5626--5627

 []

[141] [142]
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Underfull \hbox (badness 10000) in paragraph at lines 5664--5665

 []


Underfull \hbox (badness 10000) in paragraph at lines 5666--5667

 []
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]
Underfull \hbox (badness 10000) in paragraph at lines 5680--5681

 []


Underfull \hbox (badness 10000) in paragraph at lines 5682--5683

 []


Underfull \hbox (badness 10000) in paragraph at lines 5684--5685

 []


Underfull \hbox (badness 10000) in paragraph at lines 5686--5687

 []


Underfull \hbox (badness 10000) in paragraph at lines 5702--5703

 []

[144]
Underfull \hbox (badness 10000) in paragraph at lines 5704--5705

 []


Underfull \hbox (badness 10000) in paragraph at lines 5708--5709

 []


Underfull \hbox (badness 10000) in paragraph at lines 5710--5711

 []
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]
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[147] [148] [149] [150


]
Chapter 30.

Underfull \hbox (badness 10000) in paragraph at lines 5881--5883

 []


Underfull \hbox (badness 10000) in paragraph at lines 5881--5883

 []


Underfull \hbox (badness 10000) in paragraph at lines 5887--5889

 []


Underfull \hbox (badness 10000) in paragraph at lines 5887--5889

 []


Underfull \hbox (badness 10000) in paragraph at lines 5893--5895

 []


Underfull \hbox (badness 10000) in paragraph at lines 5893--5895

 []

[151]
Underfull \hbox (badness 10000) in paragraph at lines 5978--5979

 []


Underfull \hbox (badness 10000) in paragraph at lines 5980--5981

 []


Underfull \hbox (badness 10000) in paragraph at lines 5982--5983

 []


Underfull \hbox (badness 10000) in paragraph at lines 5984--5985

 []

[152]
Underfull \hbox (badness 10000) in paragraph at lines 5992--5993

 []


Underfull \hbox (badness 10000) in paragraph at lines 5994--5995

 []

[153] [154]
Chapter 31.

Underfull \hbox (badness 10000) in paragraph at lines 6034--6036

 []

LaTeX Font Info:    Font shape `T1/lmtt/bx/n' in size <8> not available
(Font)              Font shape `T1/lmtt/b/n' tried instead on input line 6037.

! LaTeX Error: There's no line here to end.

See the LaTeX manual or LaTeX Companion for explanation.
Type  H <return>  for immediate help.
 ...                                              
                                                  
l.6040 
       
Your command was ignored.
Type  I <command> <return>  to replace it with another command,
or  <return>  to continue without it.

<../images/9.png, id=2638, 1244.65pt x 906.38625pt>
File: ../images/9.png Graphic file (type png)
 <use ../images/9.png>
Package pdftex.def Info: ../images/9.png used on input line 6064.
(pdftex.def)             Requested size: 433.35501pt x 315.58029pt.
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Underfull \hbox (badness 10000) in paragraph at lines 6142--6143
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Underfull \hbox (badness 10000) in paragraph at lines 6145--6146

 []


Underfull \hbox (badness 10000) in paragraph at lines 6153--6154

 []


Underfull \hbox (badness 10000) in paragraph at lines 6156--6157

 []


Underfull \hbox (badness 10000) in paragraph at lines 6158--6159

 []

[159]
Underfull \hbox (badness 10000) in paragraph at lines 6189--6190

 []


Underfull \hbox (badness 10000) in paragraph at lines 6192--6193

 []

[160]
Underfull \hbox (badness 10000) in paragraph at lines 6219--6220

 []

[161]
Underfull \hbox (badness 10000) in paragraph at lines 6276--6277

 []


Underfull \hbox (badness 10000) in paragraph at lines 6278--6279

 []


Underfull \hbox (badness 10000) in paragraph at lines 6280--6281

 []


Underfull \hbox (badness 10000) in paragraph at lines 6284--6285

 []


Underfull \hbox (badness 10000) in paragraph at lines 6286--6287

 []


Underfull \hbox (badness 10000) in paragraph at lines 6288--6289

 []

[162]
Underfull \hbox (badness 10000) in paragraph at lines 6314--6315

 []


Underfull \hbox (badness 10000) in paragraph at lines 6316--6317

 []


Underfull \hbox (badness 10000) in paragraph at lines 6318--6319

 []


Underfull \hbox (badness 10000) in paragraph at lines 6320--6321

 []
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]
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Underfull \hbox (badness 10000) in paragraph at lines 6336--6336
[][]$\T1/lmtt/m/n/9 http : / / en . wikibooks . org / wiki / General % 20Biolog
y % 2FGallery % 20of % 20Biologists % 2FCharles %
 []

[165] [166]
Chapter 34.
[167


] [168]
Chapter 35.
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] [170] [171] [172] [173] [174


]
Package tocbasic Info: character protrusion at lof deactivated on input line 65
21.
 (./main.lof)
\tf@lof=\write6
\openout6 = `main.lof'.

 [175] [176]
Underfull \vbox (badness 10000) detected at line 6584
 []

[177]

Class scrbook Warning: Using fallback calculation to setup font sizes
(scrbook)              for basic size `9pt' on input line 6585.


Package typearea Warning: \typearea used at group level 2.
(typearea)                Using \typearea inside any group, e.g.
(typearea)                environments, math mode, boxes, etc. may result in
(typearea)                many type setting problems.
(typearea)                You should move the command \typearea
(typearea)                outside all groups on input line 6585.


Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 66%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 90
(typearea)             BCOR = 34.1433pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 544.58585pt
(typearea)              DIV departure   = -66%
(typearea)              \evensidemargin = -59.7508pt
(typearea)              \oddsidemargin  = -31.8671pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 818.99794pt
(typearea)              \topmargin      = -92.58049pt
(typearea)              \headheight     = 13.49995pt
(typearea)              \headsep        = 16.19995pt
(typearea)              \topskip        = 9.0pt
(typearea)              \footskip       = 37.7999pt
(typearea)              \baselineskip   = 10.79997pt
(typearea)              on input line 6585.

Package typearea Warning: Typearea changed!
(typearea)                You should do this only at preamble, because only
(typearea)                \begin{document} calculates output dimensions!
(typearea)                Trying to calculate new output dimensions, but
(typearea)                this is only a dirty hack on input line 6585.


Package typearea Warning: \typearea used at group level 2.
(typearea)                Using \typearea inside any group, e.g.
(typearea)                environments, math mode, boxes, etc. may result in
(typearea)                many type setting problems.
(typearea)                You should move the command \typearea
(typearea)                outside all groups on input line 6585.


Package typearea Warning: Bad type area settings!
(typearea)                The detected line width is about 76%
(typearea)                larger than the heuristically detected line width.
(typearea)                You should e.g. decrease DIV, increase fontsize
(typearea)                or change papersize.

Package typearea Info: These are the values describing the layout:
(typearea)             DIV  = 90
(typearea)             BCOR = 0.0pt
(typearea)             \paperwidth      = 597.50793pt
(typearea)              \textwidth      = 577.591pt
(typearea)              DIV departure   = -76%
(typearea)              \evensidemargin = -58.99203pt
(typearea)              \oddsidemargin  = -65.63101pt
(typearea)             \paperheight     = 845.04694pt
(typearea)              \textheight     = 818.99794pt
(typearea)              \topmargin      = -92.58049pt
(typearea)              \headheight     = 13.49995pt
(typearea)              \headsep        = 16.19995pt
(typearea)              \topskip        = 9.0pt
(typearea)              \footskip       = 37.7999pt
(typearea)              \baselineskip   = 10.79997pt
(typearea)              on input line 6585.

Package typearea Warning: Typearea changed!
(typearea)                You should do this only at preamble, because only
(typearea)                \begin{document} calculates output dimensions!
(typearea)                Trying to calculate new output dimensions, but
(typearea)                this is only a dirty hack on input line 6585.
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[179] [180]
Underfull \hbox (badness 7433) in paragraph at lines 6935--6936
[]\T1/lmr/m/n/4.5 "Massive Mul-ti-au-thor Col-lab-o-ra-tion Site" (or
 []


Underfull \hbox (badness 10000) in paragraph at lines 6937--6938
[]\T1/lmr/m/n/4.5 "CC-BY-SA" means the Cre-ative Com-mons
 []

[181]
Package atveryend Info: Empty hook `BeforeClearDocument' on input line 7039.
Package atveryend Info: Empty hook `AfterLastShipout' on input line 7039.
 (./main.aux)
Package atveryend Info: Executing hook `AtVeryEndDocument' on input line 7039.
Package atveryend Info: Executing hook `AtEndAfterFileList' on input line 7039.

Package rerunfilecheck Info: File `main.out' has not changed.
(rerunfilecheck)             Checksum: 9D06C3B3A471BFA53AE491BECBB7A857;46029.
Package atveryend Info: Empty hook `AtVeryVeryEnd' on input line 7039.
 ) 
Here is how much of TeX's memory you used:
 21407 strings out of 493485
 305106 string characters out of 3143525
 585704 words of memory out of 3000000
 23047 multiletter control sequences out of 15000+200000
 164764 words of font info for 221 fonts, out of 3000000 for 9000
 990 hyphenation exceptions out of 8191
 48i,12n,47p,1889b,1441s stack positions out of 5000i,500n,10000p,200000b,50000s
pdfTeX warning (dest): name{Hfootnote.284} has been referenced but does not e
xist, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.283} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.281} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.280} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.279} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.278} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.277} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.276} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.275} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.274} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.273} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.272} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.271} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.270} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.269} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.268} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.267} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.266} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.265} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.264} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.263} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.262} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.261} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.260} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.259} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.258} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.257} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.256} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.255} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.254} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.253} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.252} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.251} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.250} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.249} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.248} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.247} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.246} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.245} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.244} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.243} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.242} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.241} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.240} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.239} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.238} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.237} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.236} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.235} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.234} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.233} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.232} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.231} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.230} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.229} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.228} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.227} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.226} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.225} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.224} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.223} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.222} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.221} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.220} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.219} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.218} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.217} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.216} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.215} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.214} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.213} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.212} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.211} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.210} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.209} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.208} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.207} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.206} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.205} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.204} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.203} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.202} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.201} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.200} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.199} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.198} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.197} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.196} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.195} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.194} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.193} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.192} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.191} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.190} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.189} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.188} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.187} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.186} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.185} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.184} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.183} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.182} has been referenced but does not exi
st, replaced by a fixed one

pdfTeX warning (dest): name{Hfootnote.78} has been referenced but does not exis
t, replaced by a fixed one

{/usr/share/texmf/fonts/enc/dvips/lm/lm-ts1.enc}{/usr/share/texmf/fonts/enc/dvi
ps/lm/lm-ec.enc}{/usr/share/texmf/fonts/enc/dvips/lm/lm-mathit.enc}{/usr/share/
texmf/fonts/enc/dvips/lm/lm-rm.enc} </home/dirk/.texmf-var/fonts/pk/modeless/me
gafont/megafont03.657pk>{/usr/share/texmf/fonts/enc/dvips/lm/lm-mathsy.enc}</us
r/share/texmf/fonts/type1/public/lm/lmbx10.pfb></usr/share/texmf/fonts/type1/pu
blic/lm/lmbx12.pfb></usr/share/texmf/fonts/type1/public/lm/lmbx8.pfb></usr/shar
e/texmf/fonts/type1/public/lm/lmbxi10.pfb></usr/share/texmf/fonts/type1/public/
lm/lmmi10.pfb></usr/share/texmf/fonts/type1/public/lm/lmr10.pfb></usr/share/tex
mf/fonts/type1/public/lm/lmr12.pfb></usr/share/texmf/fonts/type1/public/lm/lmr5
.pfb></usr/share/texmf/fonts/type1/public/lm/lmr7.pfb></usr/share/texmf/fonts/t
ype1/public/lm/lmr8.pfb></usr/share/texmf/fonts/type1/public/lm/lmr9.pfb></usr/
share/texmf/fonts/type1/public/lm/lmri10.pfb></usr/share/texmf/fonts/type1/publ
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Output written on main.pdf (189 pages, 3300998 bytes).
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 3534 PDF objects out of 3580 (max. 8388607)
 3276 compressed objects within 33 object streams
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main/etoolbox.sty

% $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $

% Copyright (c) 2007-2011 Philipp Lehman.
%
% Permission is granted to copy, distribute and/or modify this
% software under the terms of the LaTeX Project Public License
% (LPPL), version 1.3.
%
% The LPPL maintenance status of this software is
% 'author-maintained'.
%
% This software is provided 'as is', without warranty of any kind,
% either expressed or implied, including, but not limited to, the
% implied warranties of merchantability and fitness for a
% particular purpose.

\def\etb@rcsid$#1: #2 #3 #4 #5${#4 v#3}

\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{etoolbox}
[\etb@rcsid $Id: etoolbox.sty,v 2.1 2011/01/03 19:14:10 lehman stable $
 e-TeX tools for LaTeX]

\begingroup
\@ifundefined{eTeXversion}
  {\PackageError{etoolbox}
     {Not running under e-TeX}
     {This package requires e-TeX. Try compiling the document
      with\MessageBreak 'elatex' instead of 'latex'. When using
      pdfTeX, try 'pdfelatex'\MessageBreak instead of 'pdflatex'.
      This is a fatal error. I'm aborting now.}%
   \aftergroup\endinput}
  {}
\endgroup

\RequirePackage{etex}

\def\etb@catcodes{\do\&\do\|\do\:\do\-\do\=\do\<\do\>}
\def\do#1{\catcode\number`#1=\the\catcode`#1\relax}
\edef\etb@catcodes{\etb@catcodes}
\let\do\noexpand
\AtEndOfPackage{\etb@catcodes\undef\etb@catcodes}

\catcode`\&=3
\catcode`\|=3
\@makeother\:
\@makeother\-
\@makeother\=
\@makeother\<
\@makeother\>

\protected\def\etb@error{\PackageError{etoolbox}}
\protected\def\etb@warning{\PackageWarning{etoolbox}}
\protected\def\etb@info{\PackageInfo{etoolbox}}
\newcount\etb@tempcnta

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newcommand*{\newrobustcmd}{}
\protected\def\newrobustcmd{\@star@or@long\etb@new@command}

\def\etb@new@command#1{\@testopt{\etb@newcommand#1}0}

\def\etb@newcommand#1[#2]{%
  \@ifnextchar[%]
    {\etb@xargdef#1[#2]}
    {\ifx\l@ngrel@x\relax
       \let\l@ngrel@x\protected
     \else
       \protected\def\l@ngrel@x{\protected\long}%
     \fi
     \@argdef#1[#2]}}

\long\def\etb@xargdef#1[#2][#3]#4{%
  \@ifdefinable#1{%
    \expandafter\protected
    \expandafter\def
    \expandafter#1%
    \expandafter{%
      \expandafter\@testopt
      \csname\string#1\endcsname{#3}}%
    \expandafter\@yargdef\csname\string#1\endcsname\tw@{#2}{#4}}}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\renewrobustcmd}{\@star@or@long\etb@renew@command}

\def\etb@renew@command#1{%
  \ifundef{#1}
     {\etb@error{\string#1 undefined}\@ehc}
     {}%
  \let\@ifdefinable\@rc@ifdefinable
  \etb@new@command#1}

% {<cstoken>}[<arguments>][<optarg default>]{<definition>}

\newrobustcmd*{\providerobustcmd}{\@star@or@long\etb@provide@command}

\def\etb@provide@command#1{%
  \ifundef{#1}
    {\def\reserved@a{\etb@new@command#1}}
    {\def\reserved@a{\etb@renew@command\reserved@a}}%
  \reserved@a}

% {<csname>}

\newrobustcmd*{\csshow}[1]{%
  \begingroup\expandafter\endgroup
  \expandafter\show\csname#1\endcsname}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdef}[1]{%
  \ifdefined#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifundef}[1]{%
  \ifdefined#1%
    \ifx#1\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsundef}[1]{%
  \ifcsname#1\endcsname
    \expandafter\ifx\csname#1\endcsname\relax
      \expandafter\expandafter
      \expandafter\@firstoftwo
    \else
      \expandafter\expandafter
      \expandafter\@secondoftwo
    \fi
  \else
    \expandafter\@firstoftwo
  \fi}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefmacro}{}
\long\edef\ifdefmacro#1{%
  \noexpand\expandafter\noexpand\etb@ifdefmacro
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefmacro{%
  \def\noexpand\etb@ifdefmacro##1\detokenize{macro}:##2&}
\etb@ifdefmacro{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsmacro}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefmacro\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprefix}[1]{%
  \ifdefmacro{#1}
    {\etb@ifdefprefix{#1}}
    {\@secondoftwo}}
\long\edef\etb@ifdefprefix#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprefix@i
  \noexpand\meaning#1\detokenize{macro}:&}
\edef\etb@ifdefprefix@i{%
  \def\noexpand\etb@ifdefprefix@i##1\detokenize{macro}:##2&}
\etb@ifdefprefix@i{\notblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprefix}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprefix\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefparam}{}
\long\edef\ifdefparam#1{%
  \noexpand\expandafter\noexpand\etb@ifdefparam
  \noexpand\meaning#1\detokenize{macro}:->&}
\edef\etb@ifdefparam{%
  \def\noexpand\etb@ifdefparam##1\detokenize{macro}:##2->##3&}
\etb@ifdefparam{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsparam}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefparam\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefprotected}{}
\long\edef\ifdefprotected#1{%
  \noexpand\expandafter\noexpand\etb@ifdefprotected
  \noexpand\meaning#1\string\protected&}
\edef\etb@ifdefprotected{%
  \def\noexpand\etb@ifdefprotected##1\string\protected##2&}
\etb@ifdefprotected{\notblank{#2}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsprotected}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefprotected\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newrobustcmd{\ifdefltxprotect}[1]{%
  \begingroup
  \edef\etb@resrvda{%
    \noexpand\protect\expandafter\noexpand
    \csname\expandafter\@gobble\string#1 \endcsname}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<csname>}{<true>}{<false>}

\newrobustcmd*{\ifcsltxprotect}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefltxprotect\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefempty}[1]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

\def\etb@ifdefempty#1{%
  \expandafter\expandafter
  \expandafter\ifblank
  \expandafter\expandafter
  \expandafter{%
  \expandafter\strip@prefix\meaning#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsempty}[1]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken>}{<true>}{<false>}

\newcommand{\ifdefvoid}[1]{%
  \ifundef{#1}
    {\@firstoftwo}
    {\ifdefmacro{#1}
       {\ifdefparam{#1}
	  {\@secondoftwo}
	  {\etb@ifdefempty{#1}}}
       {\@secondoftwo}}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsvoid}[1]{%
  \ifcsundef{#1}
    {\@firstoftwo}
    {\expandafter\ifdefparam\csname#1\endcsname
       {\@secondoftwo}
       {\expandafter\etb@ifdefempty\csname#1\endcsname}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newcommand{\ifdefequal}[2]{%
  \ifundef{#1}
    {\@secondoftwo}
    {\ifundef{#2}
       {\@secondoftwo}
       {\ifx#1#2%
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifx
        \csname#1\expandafter\endcsname
        \csname#2\endcsname
          \expandafter\@firstoftwo
        \else
          \expandafter\@secondoftwo
        \fi}}}

% {<cstoken1>}{<cstoken2>}{<true>}{<false>}

\newrobustcmd{\ifdefstrequal}[2]{%
  \ifdefmacro{#1}
    {\ifdefmacro{#2}
       {\begingroup
	\edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
	\edef\etb@tempb{\expandafter\strip@prefix\meaning#2}%
	\ifx\etb@tempa\etb@tempb
	  \aftergroup\@firstoftwo
	\else
	  \aftergroup\@secondoftwo
	\fi
	\endgroup}
       {\@secondoftwo}}
    {\@secondoftwo}}

% {<csname1>}{<csname2>}{<true>}{<false>}

\newcommand*{\ifcsstrequal}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\ifcsundef{#2}
       {\@secondoftwo}
       {\expandafter\ifdefstrequal
        \csname#1\expandafter\endcsname
	\csname#2\endcsname}}}

% {<cstoken>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifdefstring}[2]{%
  \ifdefmacro{#1}
    {\begingroup
     \edef\etb@tempa{\expandafter\strip@prefix\meaning#1}%
     \edef\etb@tempb{\detokenize{#2}}%
     \ifx\etb@tempa\etb@tempb
       \aftergroup\@firstoftwo
     \else
       \aftergroup\@secondoftwo
     \fi
     \endgroup}
    {\@secondoftwo}}

% {<csname>}{<string>}{<true>}{<false>}

\newrobustcmd{\ifcsstring}[2]{%
  \ifcsundef{#1}
    {\@secondoftwo}
    {\expandafter\ifdefstring\csname#1\endcsname{#2}}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefcounter}[1]{\etb@ifcounter#1&}
\long\def\etb@ifcounter#1#2&{%
  \ifx\count#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifcounter@i\meaning#1:%
  \fi}
\edef\etb@ifcounter@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifcounter@ii#1\string\count&}
\edef\etb@ifcounter@ii{%
  \def\noexpand\etb@ifcounter@ii##1\string\count##2&}
\etb@ifcounter@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcscounter}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefcounter\csname#1\endcsname}
    {\@secondoftwo}}

% {<name>}{<true>}{<false>}

\newcommand*{\ifltxcounter}[1]{%
  \ifcsdef{c@#1}
    {\expandafter\ifdefcounter\csname c@#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdeflength}[1]{\etb@iflength#1&}
\long\def\etb@iflength#1#2&{%
  \ifx\skip#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@iflength@i\meaning#1:%
  \fi}
\edef\etb@iflength@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@iflength@ii#1\string\skip&}
\edef\etb@iflength@ii{%
  \def\noexpand\etb@iflength@ii##1\string\skip##2&}
\etb@iflength@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcslength}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdeflength\csname#1\endcsname}
    {\@secondoftwo}}

% {<cstoken>}{<true}{<false>}

\newcommand{\ifdefdimen}[1]{\etb@ifdimen#1&}
\long\def\etb@ifdimen#1#2&{%
  \ifx\dimen#1%
    \expandafter\@secondoftwo
  \else
    \expandafter\etb@ifdimen@i\meaning#1:%
  \fi}
\edef\etb@ifdimen@i#1:#2\fi{\noexpand\fi
  \noexpand\etb@ifdimen@ii#1\string\dimen&}
\edef\etb@ifdimen@ii{%
  \def\noexpand\etb@ifdimen@ii##1\string\dimen##2&}
\etb@ifdimen@ii{\ifblank{#1}}

% {<csname>}{<true>}{<false>}

\newcommand*{\ifcsdimen}[1]{%
  \ifcsdef{#1}
    {\expandafter\ifdefdimen\csname#1\endcsname}
    {\@secondoftwo}}

% {<string1>}{<string2>}{<true>}{<false>}

\newrobustcmd{\ifstrequal}[2]{%
  \begingroup
  \edef\etb@tempa{\detokenize{#1}}%
  \edef\etb@tempb{\detokenize{#2}}%
  \ifx\etb@tempa\etb@tempb
    \aftergroup\@firstoftwo
  \else
    \aftergroup\@secondoftwo
  \fi
  \endgroup}

% {<string>}{<true>}{<false>}

\newcommand{\ifstrempty}[1]{%
  \expandafter\ifx\expandafter&\detokenize{#1}&%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<string>}{<true>}{<false>}

\newcommand{\ifblank}[1]{% from url.sty
  \etb@ifblank@i#1&&\@secondoftwo\@firstoftwo:}
\long\def\etb@ifblank@i#1#2&#3#4#5:{#4}

\newcommand{\notblank}[1]{%
  \etb@ifblank@i#1&&\@firstoftwo\@secondoftwo:}

% {<numexpr>}{<comp>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumcomp}[3]{%
  \ifnum\numexpr#1\relax#2\numexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<numexpr>}{<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumequal}[1]{%
  \ifnumcomp{#1}=}

\newcommand*{\ifnumgreater}[1]{%
  \ifnumcomp{#1}>}

\newcommand*{\ifnumless}[1]{%
  \ifnumcomp{#1}<}

% {<numexpr>}{<true>}{<false>}

\newcommand*{\ifnumodd}[1]{%
  \ifodd\numexpr#1\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<comp>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimcomp}[3]{%
  \ifdim\dimexpr#1\relax#2\dimexpr#3\relax
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<dimexpr>}{<dimexpr>}{<true>}{<false>}

\newcommand*{\ifdimequal}[1]{%
  \ifdimcomp{#1}=}

\newcommand*{\ifdimgreater}[1]{%
  \ifdimcomp{#1}>}

\newcommand*{\ifdimless}[1]{%
  \ifdimcomp{#1}<}

% {<expr>}{<true>}{<false>}

\newcommand{\ifboolexpe}[1]{%
  \etb@be@beg\etb@be@bgroup#1(&\etb@be@end}

\let\etb@be@true\@empty
\def\etb@be@false{-\@ne}

\def\etb@be@beg{%
  \ifnum\numexpr\z@\ifnum\numexpr\z@}

\def\etb@be@end{%
  <\z@
    \expandafter\etb@be@false
  \fi
  <\z@
    \expandafter\@secondoftwo
  \else
    \expandafter\@firstoftwo
  \fi}

\long\def\etb@be@bgroup#1(#2&{%
  \etb@be@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@be@beg
     \etb@be@bgroup#2&}}

\long\def\etb@be@egroup#1)#2&{%
  \etb@be@and#1and&%
  \ifblank{#2}
    {}
    {\etb@be@end\etb@be@true\etb@be@false
     \etb@be@egroup#2&}}

\long\def\etb@be@and#1and#2&{%
  \etb@be@or#1or&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@firstofone
     \else
       \expandafter\@gobble
     \fi
     {=\z@\fi\ifnum\numexpr\m@ne}%
     \ifnum\numexpr\z@
     \etb@be@and#2&}}

\long\def\etb@be@or#1or#2&{%
  \etb@be@not#1not&%
  \ifblank{#2}
    {}
    {<\z@
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\@ne}
     {=\z@\fi\ifnum\numexpr\z@
      \ifnum\numexpr\z@}%
     \etb@be@or#2&}}

\long\def\etb@be@not#1not#2&{%
  \etb@be@togl#1togl&%
  \ifblank{#2}
    {}
    {>\z@
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi
     {\unless\ifnum\numexpr\m@ne}
     {\unless\ifnum\numexpr\z@}%
     \etb@be@not#2&}}

\long\def\etb@be@togl#1togl#2&{%
  \etb@be@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@be@togl@i#2&}}

\long\def\etb@be@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@be@true\etb@be@false}
    {\etb@be@err{Toggle '#1' undefined}{}}%
  \etb@be@togl#2&}

\long\def\etb@be@bool#1bool#2&{%
  \etb@be@test#1test&%
  \ifblank{#2}
    {}
    {\etb@be@bool@i#2&}}

\long\def\etb@be@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@be@err{Boolean '#1' undefined}{}}
    {\csname if#1\endcsname
     \else
       \etb@be@false
     \fi}%
  \etb@be@bool#2&}

\long\def\etb@be@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@be@err{The invalid part is: '\detokenize{#1}'}{}}%
  \ifblank{#2}
    {}
    {\etb@be@test@i#2&}}

\long\def\etb@be@test@i#1#2&{%
  #1\etb@be@true\etb@be@false
  \etb@be@test#2&}

\long\def\etb@be@err#1#2{%
  \expandafter\ifnum\the\numexpr
    \expandafter\ifnum\the\currentiftype=-3
      \expandafter\thr@@
    \else
      \expandafter\currentiftype
    \fi
  =\thr@@
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {=\z@\fi
   \etb@be@err{#1}{#2\ifnum\numexpr\m@ne}}
  {\etb@err@expr{#1}#2}}

% {<expr>}{<true>}{<false>}

\newrobustcmd{\ifboolexpr}[1]{\etb@boolexpr{#1}}

\long\def\etb@boolexpr#1{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@
  \etb@br@beg
  \etb@br@bgroup#1(&%
  \etb@br@end
  \etb@br@eval}

\def\etb@br@beg{%
  \begingroup
  \let\etb@br@neg\@firstoftwo
  \etb@tempcnta\z@}

\def\etb@br@end{%
  \etb@br@eval\etb@br@true\etb@br@false}

\def\etb@br@eval{%
  \ifnum\etb@tempcnta<\z@
    \aftergroup\@secondoftwo
  \else
    \aftergroup\@firstoftwo
  \fi
  \endgroup}

\def\etb@br@true{%
  \advance\etb@tempcnta\etb@br@neg\z@\m@ne
  \let\etb@br@neg\@firstoftwo}

\def\etb@br@false{%
  \advance\etb@tempcnta\etb@br@neg\m@ne\z@
  \let\etb@br@neg\@firstoftwo}

\long\def\etb@br@bgroup#1(#2&{%
  \etb@br@egroup#1)&%
  \ifblank{#2}
    {}
    {\etb@br@beg
     \etb@br@bgroup#2&}}

\long\def\etb@br@egroup#1)#2&{%
  \etb@br@and#1and&%
  \ifblank{#2}
    {}
    {\etb@br@end
     \etb@br@egroup#2&}}

\long\def\etb@br@and#1and#2&{%
  \etb@br@or#1or&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\m@ne
     \else
       \etb@tempcnta\z@
     \fi
     \etb@br@and#2&}}

\long\def\etb@br@or#1or#2&{%
  \etb@br@not#1not&%
  \ifblank{#2}
    {}
    {\ifnum\etb@tempcnta<\z@
       \etb@tempcnta\z@
     \else
       \etb@tempcnta\@ne
     \fi
     \etb@br@or#2&}}

\long\def\etb@br@not#1not#2&{%
  \etb@br@togl#1togl&%
  \ifblank{#2}
    {}
    {\let\etb@br@neg\@secondoftwo
     \etb@br@not#2&}}

\long\def\etb@br@togl#1togl#2&{%
  \etb@br@bool#1bool&%
  \ifblank{#2}
    {}
    {\etb@br@togl@i#2&}}

\long\def\etb@br@togl@i#1#2&{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\etb@br@true\etb@br@false}
    {\etb@err@expr{Toggle '#1' undefined}\etb@br@false}%
  \etb@br@togl#2&}

\long\def\etb@br@bool#1bool#2&{%
  \etb@br@test#1test&%
  \ifblank{#2}
    {}
    {\etb@br@bool@i#2&}}

\long\def\etb@br@bool@i#1#2&{%
  \ifcsundef{if#1}
    {\etb@err@expr{Boolean '#1' undefined}\etb@br@false}
    {\csname if#1\endcsname
       \etb@br@true
     \else
       \etb@br@false
     \fi}%
  \etb@br@bool#2&}

\long\def\etb@br@test#1test#2&{%
  \ifblank{#1}
    {}
    {\etb@err@expr{The invalid part is: '\detokenize{#1}'}}%
  \ifblank{#2}
    {}
    {\etb@br@test@i#2&}}

\long\def\etb@br@test@i#1#2&{%
  \ignorespaces#1\etb@br@true\etb@br@false
  \etb@br@test#2&}

\long\def\etb@err@expr#1{%
  \etb@error
    {Invalid boolean expression}
    {#1.}}

% {<expr>}{<code>}

\newrobustcmd{\whileboolexpr}[2]{%
  \etb@boolexpr{#1}{#2\whileboolexpr{#1}{#2}}{}}

% {<expr>}{<code>}

\newrobustcmd{\unlessboolexpr}[2]{%
  \etb@boolexpr{#1}{}{#2\unlessboolexpr{#1}{#2}}}

% {<cstoken>}

\newcommand{\expandonce}[1]{%
  \unexpanded\expandafter{#1}}

% {<csname>}

\newcommand*{\csexpandonce}[1]{%
  \expandafter\expandonce\csname#1\endcsname}

% {<code>}

\newcommand*{\protecting}{}
\def\protecting#{%
  \ifx\protect\@typeset@protect
    \etb@protecting\@firstofone
  \fi
  \ifx\protect\@unexpandable@protect
    \etb@protecting\etb@unexpandable
  \fi
  \ifx\protect\noexpand
    \etb@protecting\unexpanded
  \fi
  \ifx\protect\string
    \etb@protecting\detokenize
  \fi
  \relax\@firstofone}

\def\etb@protecting#1#2\relax\@firstofone{\fi#1}
\long\def\etb@unexpandable#1{\unexpanded{\protecting{#1}}}

% {<csname>}

\newrobustcmd*{\csdef}[1]{\expandafter\def\csname#1\endcsname}
\newrobustcmd*{\csedef}[1]{\expandafter\edef\csname#1\endcsname}
\newrobustcmd*{\csgdef}[1]{\expandafter\gdef\csname#1\endcsname}
\newrobustcmd*{\csxdef}[1]{\expandafter\xdef\csname#1\endcsname}
\newrobustcmd*{\protected@csedef}{\etb@protected\csedef}
\newrobustcmd*{\protected@csxdef}{\etb@protected\csxdef}

\def\etb@protected{%
  \let\@@protect\protect
  \let\protect\@unexpandable@protect
  \afterassignment\restore@protect}

% {<csname>}{<cstoken>}

\newrobustcmd{\cslet}[2]{%
  \expandafter\let\csname#1\endcsname#2}

% {<cstoken>}{<csname>}

\newrobustcmd{\letcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let\expandafter#1\csname#2\endcsname}
    {\undef#1}}

% {<csname>}{<csname>}

\newrobustcmd*{\csletcs}[2]{%
  \ifcsdef{#2}
    {\expandafter\let
     \csname#1\expandafter\endcsname
     \csname#2\endcsname}
    {\csundef{#1}}}

% {<csname>}

\newcommand*{\csuse}[1]{%
  \ifcsname#1\endcsname
    \csname#1\expandafter\endcsname
  \fi}

% {<cstoken>}

\newrobustcmd{\undef}[1]{\let#1\etb@undefined}

% {<csname>}

\newrobustcmd*{\csundef}[1]{\cslet{#1}\etb@undefined}

% {<cstoken>}{<code>}

\newrobustcmd{\appto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\eappto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{\expandonce#1#2}}}
\newrobustcmd{\gappto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\expandonce#1\unexpanded{#2}}}}
\newrobustcmd{\xappto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{\expandonce#1#2}}}

\newrobustcmd*{\protected@eappto}{\etb@protected\eappto}
\newrobustcmd*{\protected@xappto}{\etb@protected\xappto}

% {<cstoken>}{<code>}

\newrobustcmd{\preto}[2]{%
  \ifundef{#1}
    {\edef#1{\unexpanded{#2}}}
    {\edef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\epreto}[2]{%
  \ifundef{#1}
    {\edef#1{#2}}
    {\edef#1{#2\expandonce#1}}}
\newrobustcmd{\gpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{\unexpanded{#2}}}
    {\xdef#1{\unexpanded{#2}\expandonce#1}}}
\newrobustcmd{\xpreto}[2]{%
  \ifundef{#1}
    {\xdef#1{#2}}
    {\xdef#1{#2\expandonce#1}}}

\newrobustcmd*{\protected@epreto}{\etb@protected\epreto}
\newrobustcmd*{\protected@xpreto}{\etb@protected\xpreto}

% {<csname>}{<code>}

\newrobustcmd*{\csappto}[1]{\expandafter\appto\csname#1\endcsname}
\newrobustcmd*{\cseappto}[1]{\expandafter\eappto\csname#1\endcsname}
\newrobustcmd*{\csgappto}[1]{\expandafter\gappto\csname#1\endcsname}
\newrobustcmd*{\csxappto}[1]{\expandafter\xappto\csname#1\endcsname}
\newrobustcmd*{\protected@cseappto}{\etb@protected\cseappto}
\newrobustcmd*{\protected@csxappto}{\etb@protected\csxappto}

% {<csname>}{<code>}

\newrobustcmd*{\cspreto}[1]{\expandafter\preto\csname#1\endcsname}
\newrobustcmd*{\csepreto}[1]{\expandafter\epreto\csname#1\endcsname}
\newrobustcmd*{\csgpreto}[1]{\expandafter\gpreto\csname#1\endcsname}
\newrobustcmd*{\csxpreto}[1]{\expandafter\xpreto\csname#1\endcsname}
\newrobustcmd*{\protected@csepreto}{\etb@protected\csepreto}
\newrobustcmd*{\protected@csxpreto}{\etb@protected\csxpreto}

% {<cstoken>}{<numexpr>}

\newrobustcmd*{\numdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\numexpr#2}}
\newrobustcmd*{\numgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\numexpr#2}}

% {<csname>}{<numexpr>}

\newrobustcmd*{\csnumdef}[1]{%
  \expandafter\numdef\csname#1\endcsname}
\newrobustcmd*{\csnumgdef}[1]{%
  \expandafter\numgdef\csname#1\endcsname}

% {<cstoken>}{<dimexpr>}

\newrobustcmd*{\dimdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \edef#1{\the\dimexpr#2}}
\newrobustcmd*{\dimgdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\dimexpr#2}}

% {<csname>}{<dimexpr>}

\newrobustcmd*{\csdimdef}[1]{%
  \expandafter\dimdef\csname#1\endcsname}
\newrobustcmd*{\csdimgdef}[1]{%
  \expandafter\dimgdef\csname#1\endcsname}

% {<cstoken>}{<glueexpr>}

\newrobustcmd*{\gluedef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \edef#1{\the\glueexpr#2}}
\newrobustcmd*{\gluegdef}[2]{%
  \ifundef#1{\let#1\z@skip}{}%
  \xdef#1{\the\glueexpr#2}}

% {<csname>}{<glueexpr>}

\newrobustcmd*{\csgluedef}[1]{%
  \expandafter\gluedef\csname#1\endcsname}
\newrobustcmd*{\csgluegdef}[1]{%
  \expandafter\gluegdef\csname#1\endcsname}

% {<cstoken>}{<muexpr>}

\newrobustcmd*{\mudef}[2]{%
  \ifundef#1{\def#1{0mu}}{}%
  \edef#1{\the\muexpr#2}}
\newrobustcmd*{\mugdef}[2]{%
  \ifundef#1{\let#1\z@}{}%
  \xdef#1{\the\muexpr#2}}

% {<csname>}{<muexpr>}

\newrobustcmd*{\csmudef}[1]{%
  \expandafter\mudef\csname#1\endcsname}
\newrobustcmd*{\csmugdef}[1]{%
  \expandafter\mugdef\csname#1\endcsname}

% {<counter>}{<numexpr>}

\newrobustcmd*{\defcounter}[2]{%
  \ifcsundef{c@#1}
    {\etb@noglobal\@nocounterr{#1}}%
    {\csname c@#1\endcsname\numexpr#2\relax}}

% {<length>}{<glueexpr>}

\newrobustcmd*{\deflength}[2]{%
  \ifundef{#1}
    {\etb@noglobal\etb@err@nolen{#1}}%
    {#1\glueexpr#2\relax}}

\protected\def\etb@err@nolen#1{%
  \etb@error{Length '\string#1' undefined}\@eha}

% {<name>}

\newrobustcmd*{\newbool}[1]{%
  \expandafter\@ifdefinable\csname if#1\endcsname{%
    \expandafter\newif\csname if#1\endcsname}}

% {<name>}

\newrobustcmd*{\providebool}[1]{%
  \ifcsundef{if#1}
    {\expandafter\newif\csname if#1\endcsname}
    {\begingroup
     \edef\@tempa{\expandafter\meaning\csname if#1\endcsname}%
     \ifx\@tempa\etb@isfalse
     \else
       \ifx\@tempa\etb@istrue
       \else
         \etb@error{\@backslashchar if#1 not a boolean}\@eha
       \fi
     \fi
     \endgroup}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\setbool}[2]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\ifcsundef{#1#2}
       {\etb@noglobal\etb@err@boolval{#2}}
       {\csname#1#2\endcsname}}}

% {<name>}

\newrobustcmd*{\booltrue}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1true\endcsname}}

% {<name>}

\newrobustcmd*{\boolfalse}[1]{%
  \ifcsundef{if#1}
    {\etb@noglobal\etb@err@nobool{#1}}
    {\csname#1false\endcsname}}

\edef\etb@istrue{\meaning\iftrue}
\edef\etb@isfalse{\meaning\iffalse}
\protected\def\etb@noglobal{\let\relax\relax}

% {<name>}{<true}{<false>}

\newcommand*{\ifbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@firstoftwo
     \else
       \expandafter\@secondoftwo
     \fi}}

% {<name>}{<not true}{<not false>}

\newcommand*{\notbool}[1]{%
  \ifcsundef{if#1}
    {\etb@err@nobool{#1}\@gobbletwo}
    {\csname if#1\endcsname
       \expandafter\@secondoftwo
     \else
       \expandafter\@firstoftwo
     \fi}}

\protected\def\etb@err@nobool#1{%
  \etb@error{Boolean '\@backslashchar if#1' undefined}\@eha}

\def\etb@err@boolval#1{%
  \etb@error
    {Invalid boolean value '#1'}
    {Valid boolean values are 'true' and 'false'.}}

% {<name>}

\newrobustcmd*{\newtoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\etb@error{Toggle '#1' already defined}\@eha}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}

\newrobustcmd*{\providetoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {}
    {\cslet{etb@tgl@#1}\@secondoftwo}}

% {<name>}{<true>|<false>}

\newrobustcmd*{\settoggle}[2]{%
  \ifcsdef{etb@tgl@#1}
    {\ifcsdef{etb@toggle#2}
       {\csletcs{etb@tgl@#1}{etb@toggle#2}}
       {\etb@noglobal\etb@err@boolval{#2}}}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\toggletrue}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@toggletrue}
    {\etb@noglobal\etb@err@notoggle{#1}}}

% {<name>}

\newrobustcmd*{\togglefalse}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\cslet{etb@tgl@#1}\etb@togglefalse}
    {\etb@noglobal\etb@err@notoggle{#1}}}

\let\etb@toggletrue\@firstoftwo
\let\etb@togglefalse\@secondoftwo

% {<name>}{<true}{<false>}

\newcommand*{\iftoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname}
    {\etb@err@notoggle{#1}\@gobbletwo}}

% {<name>}{<not true}{<not false>}

\newcommand*{\nottoggle}[1]{%
  \ifcsdef{etb@tgl@#1}
    {\csname etb@tgl@#1\endcsname\@secondoftwo\@firstoftwo}
    {\etb@err@notoggle{#1}\@gobbletwo}}

\protected\def\etb@err@notoggle#1{%
  \etb@error{Toggle '#1' undefined}\@eha}

% {<cstoken>}{<true}{<false>}

\protected\def\etb@ifscanable#1{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda####2{####3}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda\meaning#1&}}%
  \etb@resrvda
  \makeatletter
  \scantokens\expandafter{\etb@resrvda}%
  \expandafter\endgroup\ifx#1\etb@resrvda
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi}

% {<cstoken>}{<search>}{<true}{<false>}

\protected\long\def\etb@ifpattern#1#2{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{#2}####2&{%
      \endgroup\noexpand\noexpand\noexpand\ifblank{####2}}%
    \edef\noexpand\etb@resrvda{\noexpand\etb@resrvda
      \expandafter\strip@prefix\meaning#1\detokenize{#2}&}%
    \noexpand\etb@resrvda}
  \etb@resrvda\@secondoftwo\@firstoftwo}

% {<string>}{<true}{<false>}

\protected\long\def\etb@ifhashcheck#1{%
  \begingroup
  \edef\etb@resrvda{\detokenize{#1}}%
  \expandafter\endgroup
  \expandafter\etb@ifhashcheck@i\meaning\etb@resrvda&}

\edef\etb@ifhashcheck@i#1&{%
  \noexpand\expandafter
  \noexpand\etb@ifhashcheck@ii
  \noexpand\strip@prefix#1\string#\string#&}

\edef\etb@ifhashcheck@ii{%
  \def\noexpand\etb@ifhashcheck@ii##1\string#\string###2&}
\etb@ifhashcheck@ii{\ifblank{#2}}

% {<cstoken>}

\newrobustcmd*{\robustify}[1]{%
  \ifundef{#1}
    {\etb@error{\string#1 undefined}\@eha}
    {\ifdefmacro{#1}
       {\ifdefltxprotect{#1}
          {\letcs\etb@resrvda{\expandafter\@gobble\string#1 }%
           \@tempswatrue}
          {\let\etb@resrvda#1%
           \@tempswafalse}%
        \ifdefparam\etb@resrvda
          {\etb@ifscanable\etb@resrvda
             {\etb@robustify\etb@resrvda
              \let#1\etb@resrvda}
             {\etb@error{Failed to robustify \string#1}
                {The command is special and cannot be
                 handled by \string\robustify.}%
              \@tempswafalse}}
          {\protected\edef#1{\expandonce\etb@resrvda}}
        \if@tempswa
          \ifcsdef{\string#1 }
            {}
            {\csundef{\expandafter\@gobble\string#1 }}%
        \fi
        \undef\etb@resrvda}
       {\etb@error{\string#1 not a macro}\@eha}}}

\def\etb@robustify#1{%
  \begingroup
  \edef\etb@resrvdb{%
    \def\noexpand\etb@resrvdb####1\detokenize{macro}:####2->####3&{%
      \protected####1\def\string#1\space####2{####3}}%
    \edef\noexpand\etb@resrvdb{%
      \noexpand\etb@resrvdb\meaning#1&}}%
  \etb@resrvdb
  \etb@patchcmd@scantoks\etb@resrvdb}

%  {<cstoken>}{<search>}{<true}{<false>}
% *{<cstoken>}{<true}{<false>}

\newrobustcmd{\ifpatchable}{%
  \etb@dbg@trce\ifpatchable
  \begingroup
  \@makeother\#%
  \@ifstar\etb@ifpatchable@i\etb@ifpatchable}

\long\def\etb@ifpatchable#1#2{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \etb@ifscanable{#1}
          {\etb@ifhashcheck{#2}
             {\etb@dbg@info{tok}%
              \etb@ifpattern#1{#2}
                 {\etb@dbg@info{pat}%
                  \etb@dbg@info{pos}\@firstoftwo}
                 {\etb@dbg@fail{pat}\@secondoftwo}}
             {\etb@dbg@fail{hsh}\@secondoftwo}}
          {\etb@dbg@fail{tok}\@secondoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@ifpatchable@i#1{%
  \endgroup
  \etb@dbg@init#1%
  \ifundef{#1}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#1}
       {\etb@dbg@info{mac}%
        \ifdefparam{#1}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#1}
             {\etb@dbg@info{tok}%
              \etb@dbg@info{pos}\@firstoftwo}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#1}
             {\etb@dbg@info{pro}}
             {}%
           \etb@dbg@info{pos}\@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

% [<prefix>]{<cstoken>}{<search>}{<replace>}{<success>}{<failure>}

\newrobustcmd*{\patchcmd}{%
  \etb@dbg@trce\patchcmd
  \begingroup
  \@makeother\#%
  \etb@patchcmd}

\newcommand{\etb@patchcmd}[4][########1]{%
  \etb@ifpatchable#2{#3}
    {\etb@dbg@succ{ret}%
     \begingroup
     \edef\etb@resrvda{%
       \def\noexpand\etb@resrvda####1\detokenize{macro:}####2->####3&{%
         #1\def\string\etb@resrvda\space####2{\noexpand\etb@resrvdb####3&}}%
       \def\noexpand\etb@resrvdb####1\detokenize{#3}####2&{%
         ####1\detokenize{#4}####2}%
       \edef\noexpand\etb@resrvda{%
         \noexpand\etb@resrvda\meaning#2&}}%
     \etb@resrvda
     \etb@patchcmd@scantoks\etb@resrvda
     \let#2\etb@resrvda
     \undef\etb@resrvda
     \@firstoftwo}
    {\@secondoftwo}}

\def\etb@patchcmd@scantoks#1{%
  \edef\etb@resrvda{\endgroup
    \unexpanded{\makeatletter\scantokens}{#1}%
    \catcode\number`\@=\the\catcode`\@\relax}%
  \etb@resrvda}

% {<cstoken>}{<code>}{<success>}{<failure>}

\newrobustcmd*{\apptocmd}{%
  \etb@dbg@trce\apptocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@append}

\newrobustcmd*{\pretocmd}{%
  \etb@dbg@trce\pretocmd
  \begingroup
  \@makeother\#%
  \etb@hooktocmd\etb@prepend}

\long\def\etb@hooktocmd#1#2#3{%
  \endgroup
  \etb@dbg@init#2%
  \ifundef{#2}
    {\etb@dbg@fail{def}\@secondoftwo}
    {\etb@dbg@info{def}%
     \ifdefmacro{#2}
       {\etb@dbg@info{mac}%
        \ifdefparam{#2}
          {\etb@dbg@info{prm}%
           \etb@ifscanable{#2}
             {\etb@ifhashcheck{#3}
                {\etb@dbg@info{tok}%
                 \etb@dbg@succ{ret}%
                 \etb@hooktocmd@i#1#2{#3}%
                 \@firstoftwo}
                {\etb@dbg@fail{hsh}\@secondoftwo}}
             {\etb@dbg@fail{tok}\@secondoftwo}}
          {\etb@dbg@info{prl}%
           \ifdefprotected{#2}
             {\etb@dbg@info{pro}%
              \etb@dbg@succ{red}%
              \protected}
             {\etb@dbg@succ{red}}%
           \edef#2{#1{\expandonce#2}{\unexpanded{#3}}}%
           \@firstoftwo}}
       {\etb@dbg@fail{mac}\@secondoftwo}}}

\long\def\etb@hooktocmd@i#1#2#3{%
  \begingroup
  \edef\etb@resrvda{%
    \def\noexpand\etb@resrvda####1\detokenize{macro}:####2->####3&{%
      ####1\def\string\etb@resrvda\space####2{#1{####3}{\detokenize{#3}}}}%
    \edef\noexpand\etb@resrvda{%
      \noexpand\etb@resrvda\meaning#2&}}%
  \etb@resrvda
  \etb@patchcmd@scantoks\etb@resrvda
  \let#2\etb@resrvda
  \undef\etb@resrvda}

\long\def\etb@append#1#2{#1#2}
\long\def\etb@prepend#1#2{#2#1}

\newrobustcmd*{\tracingpatches}{%
  \etb@info{Enabling tracing}%
  \input{etoolbox.def}%
  \global\let\tracingpatches\relax}
\@onlypreamble\tracingpatches

\let\etb@dbg@trce\@gobble
\let\etb@dbg@init\@gobble
\let\etb@dbg@info\@gobble
\let\etb@dbg@succ\@gobble
\let\etb@dbg@fail\@gobble

% {<numeral>}

\newcommand{\rmntonum}[1]{%
  \ifblank{#1}
    {}
    {\expandafter\etb@rti@end\number\numexpr
     \expandafter\etb@rti@prs\detokenize{#1}&\relax}}

\def\etb@rti@prs#1#2{%
  \ifx&#1%
    \expandafter\@firstoftwo
  \else
    \expandafter\@secondoftwo
  \fi
  {#1#2}
  {\ifx&#2%
     \expandafter\@firstoftwo
   \else
     \expandafter\@secondoftwo
   \fi
   {\etb@rti@chk#1+\etb@rti@num#1#2}
   {\etb@rti@chk#1\etb@rti@chk#2%
    \ifnum\etb@rti@num#1<\etb@rti@num#2 %
      \expandafter\@firstoftwo
    \else
      \expandafter\@secondoftwo
    \fi
    {+\etb@rti@num#2-\etb@rti@num#1\etb@rti@prs}
    {+\etb@rti@num#1\etb@rti@prs#2}}}}

\def\etb@rti@chk#1{%
  \ifcsname etb@rmn@#1\endcsname
  \else
    \expandafter\etb@rti@brk
  \fi}

\def\etb@rti@brk#1&{+\z@&-1}
\def\etb@rti@end#1&#2\relax{\ifblank{#2}{#1}{#2}}
\def\etb@rti@num#1{\csname etb@rmn@#1\endcsname}

\chardef\etb@rmn@i=1
\chardef\etb@rmn@I=1
\chardef\etb@rmn@v=5
\chardef\etb@rmn@V=5
\chardef\etb@rmn@x=10
\chardef\etb@rmn@X=10
\chardef\etb@rmn@l=50
\chardef\etb@rmn@L=50
\chardef\etb@rmn@c=100
\chardef\etb@rmn@C=100
\mathchardef\etb@rmn@d=500
\mathchardef\etb@rmn@D=500
\mathchardef\etb@rmn@m=1000
\mathchardef\etb@rmn@M=1000

% {<numeral>}{<true>}{<false>}

\newcommand{\ifrmnum}[1]{%
  \ifblank{#1}
    {\@secondoftwo}
    {\expandafter\etb@ifr@prs\detokenize{#1}\relax}}

\def\etb@ifr@prs#1{%
  \ifx\relax#1%
    \expandafter\@firstoftwo
  \else
    \ifcsname etb@rmn@#1\endcsname
      \expandafter\expandafter
      \expandafter\etb@ifr@prs
    \else
      \expandafter\expandafter
      \expandafter\etb@ifr@brk
    \fi
  \fi}

\def\etb@ifr@brk#1\relax{\@secondoftwo}

% <*>{<command>}{<separator>}

\newrobustcmd*{\DeclareListParser}{%
  \@ifstar
    {\etb@defparser\etb@defparser@arg}
    {\etb@defparser\etb@defparser@do}}

\def\etb@defparser#1#2#3{%
  \@ifdefinable#2{#1{#2}{#3}}}

\def\etb@defparser@do#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      \space####1\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1\noexpand#2####2&{%
      \noexpand\etb@listitem\noexpand\do{####1}%
      \noexpand\ifblank{####2}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 \space####2}&}}%
  \@tempa}

\def\etb@defparser@arg#1#2{%
  \begingroup
  \edef\@tempa{\endgroup
    \long\def\noexpand#1####1####2{%
      \expandafter\noexpand
      \csname etb@lst@\expandafter\@gobble\string#1\endcsname
      {####1}\space####2\noexpand#2&}%
    \long\csdef{etb@lst@\expandafter\@gobble\string#1}####1####2\noexpand#2####3&{%
      \noexpand\etb@listitem{####1}{####2}%
      \noexpand\ifblank{####3}
        {\noexpand\listbreak}
        {\expandafter\noexpand
         \csname etb@lst@\expandafter\@gobble\string#1\endcsname
	 {####1}\space####3}&}}%
  \@tempa}

\long\def\etb@listitem#1#2{%
  \ifblank{#2}
    {}
    {\expandafter\etb@listitem@i
     \expandafter{\@firstofone#2}{#1}}}
\long\def\etb@listitem@i#1#2{#2{#1}}

\newcommand*{\listbreak}{}
\long\def\listbreak#1&{}

% {<item1>,<item2>,...} => \do{<item1>}\do{<item2>}...

\DeclareListParser{\docsvlist}{,}

% {<handler>}{<item1>,<item2>,...} => <handler>{<item1>}<handler>{<item2>}...

\DeclareListParser*{\forcsvlist}{,}

% {<listmacro>}{<string>}

\newrobustcmd{\listadd}[2]{%
  \ifblank{#2}{}{\appto#1{#2|}}}
\newrobustcmd{\listeadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\eappto#1{#2|}}}
\newrobustcmd{\listgadd}[2]{%
  \ifblank{#2}{}{\gappto#1{#2|}}}
\newrobustcmd{\listxadd}[2]{%
  \begingroup
  \edef\etb@tempa{\endgroup\noexpand\ifblank{#2}}%
  \etb@tempa{}{\xappto#1{#2|}}}

% {<listcsname>}{<string>}

\newrobustcmd{\listcsadd}[1]{%
  \expandafter\listadd\csname#1\endcsname}
\newrobustcmd{\listcseadd}[1]{%
  \expandafter\listeadd\csname#1\endcsname}
\newrobustcmd{\listcsgadd}[1]{%
  \expandafter\listgadd\csname#1\endcsname}
\newrobustcmd{\listcsxadd}[1]{%
  \expandafter\listxadd\csname#1\endcsname}

% {<string>}{<listmacro>}{<true>}{<false>}

\newrobustcmd{\ifinlist}[2]{%
  \begingroup
  \def\etb@tempa##1|#1|##2&{\endgroup
    \ifblank{##2}\@secondoftwo\@firstoftwo}%
  \expandafter\etb@tempa\expandafter|#2|#1|&}

\newrobustcmd{\xifinlist}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlist{#1}}%
  \etb@tempa}

% {<string>}{<listcsname>}{<true>}{<false>}

\newrobustcmd{\ifinlistcs}[2]{%
  \expandafter\etb@ifinlistcs@i\csname #2\endcsname{#1}}
\long\def\etb@ifinlistcs@i#1#2{\ifinlist{#2}{#1}}

\newrobustcmd{\xifinlistcs}[1]{%
  \begingroup
  \edef\etb@tempa{\endgroup\ifinlistcs{#1}}%
  \etb@tempa}

% {<handler>}{<listmacro>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistloop}[2]{%
  \expandafter\etb@forlistloop\expandafter{#2}{#1}}

\long\def\etb@forlistloop#1#2{\etb@forlistloop@i{#2}#1|&}

\long\def\etb@forlistloop@i#1#2|#3&{%
  \ifblank{#2}
    {}
    {#1{#2}}%
  \ifblank{#3}
    {\listbreak}
    {\etb@forlistloop@i{#1}#3}%
  &}

% {<handler>}{<listcsname>} => <handler>{<item1>}<handler>{<item2>}...

\newcommand*{\forlistcsloop}[2]{%
  \expandafter\expandafter\expandafter\etb@forlistloop
  \expandafter\expandafter\expandafter{\csname#2\endcsname}{#1}}

% {<listmacro>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistloop}{\forlistloop\do}

% {<listcsname>} => \do{<item1>}\do{<item2>}...

\newcommand*{\dolistcsloop}{\forlistcsloop\do}

% {<code>}

\newrobustcmd*{\AtEndPreamble}{\gappto\@endpreamblehook}
\newcommand*{\@endpreamblehook}{}

\preto\document{%
  \endgroup
  \let\AtEndPreamble\@firstofone
  \@endpreamblehook
  \protected\def\AtEndPreamble{\@notprerr\@gobble}%
  \undef\@endpreamblehook
  \begingroup}

% {<code>}

\newrobustcmd*{\AfterPreamble}{\AtBeginDocument}
\AtEndPreamble{\let\AfterPreamble\@firstofone}

% {<code>}

\newrobustcmd*{\AfterEndPreamble}{\gappto\@afterendpreamblehook}
\newcommand*{\@afterendpreamblehook}{}

\appto\document{%
  \let\AfterEndPreamble\@firstofone
  \@afterendpreamblehook
  \protected\def\AfterEndPreamble{\@notprerr\@gobble}%
  \undef\@afterendpreamblehook
  \ignorespaces}

\AtEndDocument{\let\AfterEndPreamble\@gobble}

% {<code>}

\newrobustcmd*{\AfterEndDocument}{\gappto\@afterenddocumenthook}
\newcommand*{\@afterenddocumenthook}{}

\patchcmd\enddocument
  {\deadcycles}
  {\let\AfterEndDocument\@firstofone
   \@afterenddocumenthook
   \deadcycles}
  {}
  {\let\etb@@end\@@end
   \def\@@end{%
     \let\AfterEndDocument\@firstofone
     \@afterenddocumenthook
     \etb@@end}}

% {<environment>}{<code>}

\newrobustcmd{\AtBeginEnvironment}[1]{%
  \csgappto{@begin@#1@hook}}

\patchcmd\begin
  {\csname #1\endcsname}
  {\csuse{@begin@#1@hook}%
   \csname #1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\AtBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AtEndEnvironment}[1]{%
  \csgappto{@end@#1@hook}}

\patchcmd\end
  {\csname end#1\endcsname}
  {\csuse{@end@#1@hook}%
   \csname end#1\endcsname}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AtEndEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\BeforeBeginEnvironment}[1]{%
  \csgappto{@beforebegin@#1@hook}}

\pretocmd\begin
  {\csuse{@beforebegin@#1@hook}}
  {}
  {\etb@warning{%
     Patching '\string\begin' failed!\MessageBreak
     '\string\BeforeBeginEnvironment' will not work\@gobble}}

% {<environment>}{<code>}

\newrobustcmd{\AfterEndEnvironment}[1]{%
  \csgappto{@afterend@#1@hook}}

\patchcmd\end
  {\if@ignore}
  {\csuse{@afterend@#1@hook}%
   \if@ignore}
  {}
  {\etb@warning{%
     Patching '\string\end' failed!\MessageBreak
     '\string\AfterEndEnvironment' will not work\@gobble}}

\endinput







main/mdframed.sty

%%==================================================%%
%%========Is based on the idea of framed.sty========%%
%%==================================================%%
%%===== Currently the package has a beta-Status ====%%
%%==================================================%%
%% WITH THANKS TO (alphabetically):
%% ROLF NIEPRASCHK
%% HEIKO OBERDIEK
%% HERBERT VOSS

%% Copyright (c) 2010 Marco Daniel
%
%% This package may be distributed under the terms of the LaTeX Project
%% Public License, as described in lppl.txt in the base LaTeX distribution.
%% Either version 1.0 or, at your option, any later version.
%%
%%
%%==================================================%%
%% Erstellung eines Rahmens, der am Seitenende keine
%% horizontale Linie einfuegt
%%>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>%%
%%      _______________                            %%
%%      |    page 1   |                            %%  
%%      |    Text     |                            %%
%%      |  __Text__   |                            %%
%%      |  | Text |   |                            %%
%%     P A G E B R E A K                           %%
%%      |  | Text |   |                            %%
%%      |  |_Text_|   |                            %%
%%      |    Text     |                            %%
%%      |____page 2___|                            %%
%%                                                 %%
%%>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>%%


%%$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $
%%$Rev: 103 $
%%$Author: marco $
%%$Date: 2010-12-22 17:46:10 +0100 (Mi, 22. Dez 2010) $

%% Allgemeine Angaben
\def\mdversion{v0.6a}
\def\mdframedpackagename{mdframed}
\def\md@maindate@svn$#1: #2 #3 #4-#5-#6 #7 #8${#4/#5/#6\space }
\NeedsTeXFormat{LaTeX2e}
\ProvidesPackage{mdframed}[\md@maindate@svn$Id: mdframed.sty 103 2010-12-22 16:46:10Z marco $ \mdversion: \mdframedpackagename]

%%==================================================%%
%%=============== Benoetigte Pakete ================%%
%%==================================================%%

\newcommand*\md@PackageWarning[1]{\PackageWarning{\mdframedpackagename}{#1}}
\newcommand*\md@PackageInfo[1]{\PackageInfo{\mdframedpackagename}{#1}}
\newcommand*\md@LoadFile@IfExist[1]{%
 \IfFileExists{#1.sty}{%
          \RequirePackage{#1}%
        }{%
        \md@PackageWarning{The package #1 does not exist\MessageBreak
                           but it is required by \mdframedpackagename}%
       }
}
\md@LoadFile@IfExist{kvoptions}

\md@LoadFile@IfExist{etex}

\md@LoadFile@IfExist{calc}

\md@LoadFile@IfExist{color}


%Eingearbeitet in Optionen
%\md@LoadFile@IfExist{pstricks}
%\md@LoadFile@IfExist{pstricks}

\md@LoadFile@IfExist{etoolbox}

\SetupKeyvalOptions{family=mdf,prefix=mdf@}

%%==================================================%%
%%========Hilfsmakro zur Bestimmung ob Laenge=======%%
%%============= IDEE: Martin Scharrer ==============%%
%%==================================================%%

%%%\md@iflength{<EINGABE>}{<IST LAENGE>}{<IST KEINE LAENGE>}
\newlength{\md@templength}
\def\md@iflength#1{%
  \afterassignment\md@iflength@check%
  \md@templength=#1\mdf@defaultunit\relax\relax
  \expandafter\endgroup\next
}
\def\md@iflength@check#1{%
  \begingroup
  \ifx\relax#1\@empty
    \def\next{\@secondoftwo}
  \else
    \def\next{\@firstoftwo}
    \expandafter\md@iflength@cleanup
  \fi
}
\def\md@iflength@cleanup#1\relax{}

%%\def\md@@iflength#1{
%%       \begingroup
%%       \def\@tempa{#1}
%%       \md@iflength{\@tempa}{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }{%
%%             \expandafter\global\expandafter%
%%             \edef\csname #1\endcsname{\the\md@templength}%
%%            }%
%%       \endgroup%
%%}

%%==================================================%%
%%==================== Optionen ====================%%
%%==================================================%%


%Festlegung welcher Stildatei
%% 0 := tex-Kommandos -- rule
%% 1 := tikz
%% 2 := tikz-erweitert
%% 3 := pstricks-einfach
%% 4 := pstricks-erweitert

\DeclareStringOption[0]{style}

\define@key{mdf}{globalstyle}[\mdf@style]{%
      \renewcommand*{\do}[1]{%
          \def\@tempa{##1}
          \ifcase\number\@tempa\relax
             %0 <- kein Grafikpaket
          \or
             \md@LoadFile@IfExist{tikz}
             %1 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{tikz}
             %2 <- tikz wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %3 <- pstricks wird benoetigt
          \or
             \md@LoadFile@IfExist{pstricks-add}
             %4 <- pstricks wird benoetigt
          \else
            \md@PackageWarning{Unknown global style \@tempa}
          \fi
      }%
      \docsvlist{\mdf@style,#1}%
 }

%%%%Optionen mit Laengen

\newcommand*\mdf@skipabove{\z@}
\newcommand*\mdfl@skipabove{}
\newlength\mdf@skipabove@length
\deflength\mdf@skipabove@length{\z@}
\define@key{mdf}{skipabove}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}%
            {\global\edef\mdfl@skipabove{\the\md@templength}}
\let\mdf@skipabove\mdfl@skipabove
\setlength\mdf@skipabove@length{\mdf@skipabove}
}

\newcommand*\mdf@skipbelow{\z@}
\newcommand*\mdfl@skipbelow{}
\newlength\mdf@skipbelow@length
\deflength\mdf@skipbelow@length{\z@}
\define@key{mdf}{skipbelow}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}%
            {\global\edef\mdfl@skipbelow{\the\md@templength}}
\let\mdf@skipbelow\mdfl@skipbelow
\setlength\mdf@skipbelow@length{\mdf@skipbelow}
}

\newcommand*\mdf@leftmargin{\z@}
\newcommand*\mdfl@leftmargin{}
\newlength\mdf@leftmargin@length
\deflength\mdf@leftmargin@length{\z@}
\define@key{mdf}{leftmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}%
            {\global\edef\mdfl@leftmargin{\the\md@templength}}
\let\mdf@leftmargin\mdfl@leftmargin
\setlength\mdf@leftmargin@length{\mdf@leftmargin}
}

\newcommand*\mdf@rightmargin{\z@}
\newcommand*\mdfl@rightmargin{}
\newlength\mdf@rightmargin@length
\deflength\mdf@rightmargin@length{\z@}
\define@key{mdf}{rightmargin}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}%
            {\global\edef\mdfl@rightmargin{\the\md@templength}}
\let\mdf@rightmargin\mdfl@rightmargin
\setlength\mdf@rightmargin@length{\mdf@rightmargin}
}

\newcommand*\mdf@margin{20pt}
\newcommand*\mdfl@margin{}
\newlength\mdf@margin@length
\deflength\mdf@margin@length{20pt}
\define@key{mdf}{margin}[20pt]{%
     \md@PackageWarning{The option margin is obsolote and no longer used\MessageBreak
                        use instead innerleftmargin and innerrightmargin\MessageBreak
                        For more details look at the documentation \mdframedpackagename}%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@margin{\the\md@templength}}%
            {\global\edef\mdfl@margin{\the\md@templength}}
\let\mdf@margin\mdfl@margin
\setlength\mdf@margin@length{\mdf@margin}
}

\newcommand*\mdf@innerleftmargin{10pt}
\newcommand*\mdfl@innerleftmargin{}
\newlength\mdf@innerleftmargin@length
\deflength\mdf@innerleftmargin@length{10pt}
\define@key{mdf}{innerleftmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerleftmargin{\the\md@templength}}
\let\mdf@innerleftmargin\mdfl@innerleftmargin
\setlength\mdf@innerleftmargin@length{\mdf@innerleftmargin}
}

\newcommand*\mdf@innerrightmargin{10pt}
\newcommand*\mdfl@innerrightmargin{}
\newlength\mdf@innerrightmargin@length
\deflength\mdf@innerrightmargin@length{10pt}
\define@key{mdf}{innerrightmargin}[10pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}%
            {\global\edef\mdfl@innerrightmargin{\the\md@templength}}
\let\mdf@innerrightmargin\mdfl@innerrightmargin
\setlength\mdf@innerrightmargin@length{\mdf@innerrightmargin}
}



\newcommand*\mdf@innertopmargin{0.4\baselineskip}
\newcommand*\mdfl@innertopmargin{}
\newlength\mdf@innertopmargin@length
\deflength\mdf@innertopmargin@length{0.4\baselineskip}
\define@key{mdf}{innertopmargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}%
            {\global\edef\mdfl@innertopmargin{\the\md@templength}}
\let\mdf@innertopmargin\mdfl@innertopmargin
\setlength\mdf@innertopmargin@length{\mdf@innertopmargin}
}

\newcommand*\mdf@innerbottommargin{0.4\baselineskip}
\newcommand*\mdfl@innerbottommargin{}
\newlength\mdf@innerbottommargin@length
\deflength\mdf@innerbottommargin@length{0.4\baselineskip}
\define@key{mdf}{innerbottommargin}[0.4\baselineskip]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}%
            {\global\edef\mdfl@innerbottommargin{\the\md@templength}}
\let\mdf@innerbottommargin\mdfl@innerbottommargin
\setlength\mdf@innerbottommargin@length{\mdf@innerbottommargin}
}


\newcommand*\mdf@splittopskip{\z@}
\newcommand*\mdfl@splittopskip{}
\newlength\mdf@splittopskip@length
\deflength\mdf@splittopskip@length{\z@}
\define@key{mdf}{splittopskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}%
            {\global\edef\mdfl@splittopskip{\the\md@templength}}
\let\mdf@splittopskip\mdfl@splittopskip
\setlength\mdf@splittopskip@length{\mdf@splittopskip}
}



\newcommand*\mdf@splitbottomskip{\z@}
\newcommand*\mdfl@splitbottomskip{}
\newlength\mdf@splitbottomskip@length
\deflength\mdf@splitbottomskip@length{\z@}
\define@key{mdf}{splitbottomskip}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}%
            {\global\edef\mdfl@splitbottomskip{\the\md@templength}}
\let\mdf@splitbottomskip\mdfl@splitbottomskip
\setlength\mdf@splitbottomskip@length{\mdf@splitbottomskip}
}


%% Linienstaerken
\newcommand*\mdf@linewidth{0.4pt}
\newcommand*\mdfl@linewidth{}
\newlength\mdf@linewidth@length
\deflength\mdf@linewidth@length{0.4pt}
\define@key{mdf}{linewidth}[0.4pt]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}%
            {\global\edef\mdfl@linewidth{\the\md@templength}}
\let\mdf@linewidth\mdfl@linewidth
\setlength\mdf@linewidth@length{\mdf@linewidth}%
\ifnumequal{\mdf@style}{1}{%
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}%
}{}%
}

\newcommand*\mdf@innerlinewidth{\z@}
\newcommand*\mdfl@innerlinewidth{}
\newlength\mdf@innerlinewidth@length
\deflength\mdf@innerlinewidth@length{\z@}
\define@key{mdf}{innerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@innerlinewidth{\the\md@templength}}
\let\mdf@innerlinewidth\mdfl@innerlinewidth
\setlength\mdf@innerlinewidth@length{\mdf@innerlinewidth}
}

\newcommand*\mdf@middlelinewidth{\mdf@linewidth}
\newcommand*\mdfl@middlelinewidth{}
\newlength\mdf@middlelinewidth@length
\deflength\mdf@middlelinewidth@length{\mdf@linewidth@length}
\define@key{mdf}{middlelinewidth}[\mdf@linewidth]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}%
            {\global\edef\mdfl@middlelinewidth{\the\md@templength}}
\let\mdf@middlelinewidth\mdfl@middlelinewidth
\setlength\mdf@middlelinewidth@length{\mdf@middlelinewidth}
}

\newcommand*\mdf@outerlinewidth{\z@}
\newcommand*\mdfl@outerlinewidth{}
\newlength\mdf@outerlinewidth@length
\deflength\mdf@outerlinewidth@length{\z@}
\define@key{mdf}{outerlinewidth}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}%
            {\global\edef\mdfl@outerlinewidth{\the\md@templength}}
\let\mdf@outerlinewidth\mdfl@outerlinewidth
\setlength\mdf@outerlinewidth@length{\mdf@outerlinewidth}
}

\newcommand*\mdf@roundcorner{\z@}
\newcommand*\mdfl@roundcorner{}
\newlength\mdf@roundcorner@length
\deflength\mdf@roundcorner@length{\z@}
\define@key{mdf}{roundcorner}[\z@]{%
       \def\@tempa{#1}
        \md@iflength{\@tempa}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}%
            {\global\edef\mdfl@roundcorner{\the\md@templength}}
\let\mdf@roundcorner\mdfl@roundcorner
\setlength\mdf@roundcorner@length{\mdf@roundcorner}
}

%Unterstuetzung der Optionen fuer pstricks
\def\mdf@psset@local{}
\define@key{mdf}{pstrickssetting}{%
  \def\mdf@psset@local{#1}
}


%%Defaulunit
\DeclareStringOption[pt]{defaultunit}

%%mdframed umfasst ntheorem-Umgebung ja/nein
\DeclareBoolOption{ntheorem}

\DeclareBoolOption[true]{topline}
\DeclareBoolOption[true]{leftline}
\DeclareBoolOption[true]{bottomline}
\DeclareBoolOption[true]{rightline}


%%FARBEN
\DeclareStringOption[none]{xcolor}
\DeclareStringOption[black]{linecolor}
\DeclareStringOption[white]{backgroundcolor}
\DeclareStringOption[black]{fontcolor}
\DeclareStringOption[\mdf@linecolor]{innerlinecolor}
\DeclareStringOption[\mdf@linecolor]{outerlinecolor}
\DeclareStringOption[\mdf@backgroundcolor]{middlelinecolor}


\DeclareDefaultOption{%
   \md@PackageWarning{Unknown Option '\CurrentOption' for mdframed}}


%%==================================================%%
%%========== ENDE DER OPTIONENDEKLARATION ==========%%
%%==================================================%%

\ProcessKeyvalOptions*
\newcommand*{\mdfsetup}{\setkeys{mdf}}
\mdfsetup{globalstyle=0}

%%==================================================%%
%%========Sicherstellen der key-value-Syntax========%%
%%==================================================%%
\AtBeginDocument{
 \@ifpackageloaded{xcolor}{%
    \let\mdf@xcolor\@empty %ignoriere die Eingabe der Optionen
    }{%
     \def\@tempa{none}
    \ifx\mdf@xcolor\@tempa
    \else
     \PassOptionsToPackage{\mdf@xcolor}{xcolor}
     \RequirePackage{xcolor}
   \fi
 }
}



%%Farbabkuerzungen:
\newcommand*\mdf@@linecolor{\color{\mdf@linecolor}}
\newcommand*\mdf@@backgroundcolor{
    \ifx\mdf@backgroundcolor\@empty
    \else
         \color{\mdf@backgroundcolor}
    \fi}
\newcommand*\mdf@@fontcolor{\color{\mdf@fontcolor}}
\newcommand*\mdf@@innerlinecolor{\color{\mdf@innerlinecolor}}
\newcommand*\mdf@@outerlinecolor{\color{\mdf@outerlinecolor}}
\newcommand*\mdf@@middlelinecolor{\color{\mdf@middlelinecolor}}

%%==================================================%%
%%======= Laden der gewuenschten Style-Datei =======%%
%%==================================================%%
\ifcase\mdf@style\relax%
        \input{md-frame-0.mdf}%
      \or%
        \input{md-frame-1.mdf}%
      \or%        
        \md@PackageWarning{The style number\mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
        \input{md-frame-1.mdf}%
      \or% 
        \input{md-frame-3.mdf}%
      \else%
       \IfFileExists{md-frame-\mdf@style.mdf}{%
             \input{md-frame-\mdf@style.mdf}%
           }{%
            \input{md-frame-1.mdf}%
            \md@PackageWarning{The style number \mdf@style does not exist\MessageBreak
                           mdframed ues instead style=0 \mdframedpackagename}%
          }%
\fi%


%%==================================================%%
%%===Globale Umgebung -- noch keine Modifikation ===%%
%%==================================================%%
\def\md@margin@startenv{% latex.ltx -> \@startsection
    \if@noskipsec \leavevmode  \fi
    \par%\kern-\lastskip%
    \@tempskipa -\mdf@skipabove@length\relax
    \@afterindenttrue
    \ifdim \@tempskipa < \z@
      \@tempskipa -\@tempskipa \@afterindentfalse%
    \fi
    \if@nobreak
      \everypar{}%
    \else
      \addpenalty\@secpenalty\addvspace\@tempskipa%
      \par\kern-\ht\strutbox
    \fi%
}%


\def\mdframed{%
   \@ifnextchar[%]
       \mdframed@i\mdframed@ii}%

\def\mdframed@ii{\mdframed@i[]}%
\def\mdframed@i[#1]{% default-Umgebung
   \mdfsetup{#1}%%
   \md@margin@startenv%
   \ifmdf@ntheorem%       %%% Pruefen ob ntheorem gesetzt ist
   \ifundef{\theorempreskipamount}%
          {\md@PackageWarning{You have not loaded ntheorem yet}}%
          {\setlength{\theorempreskipamount}{0pt}%
           \setlength{\theorempostskipamount}{0pt}}%
   \fi%
   \ifnumequal{\mdf@style}{0}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
    \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth@length}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
    \let\mdf@middlelinecolor\mdf@linecolor%
    \let\mdf@outerlinecolor\mdf@linecolor%
   }{}%
   \ifnumequal{\mdf@style}{3}% 
   {\deflength{\mdf@innerlinewidth@length}{\z@}%
   \deflength{\mdf@middlelinewidth@length}{\mdf@linewidth}%
    \deflength{\mdf@outerlinewidth@length}{\z@}%
    \let\mdf@innerlinecolor\mdf@linecolor%
   }{}%
   \mdframed@global@env%
   }%

\def\endmdframed{\endmdframed@global@env\endtrivlist%
\vspace{\mdf@skipbelow@length}}%

%%==================================================%%
%%==Deklaration diverser Eingabe und Hilfsparameter=%%
%%==================================================%%

\newskip\md@temp@skip@a      \md@temp@skip@a\z@    %% Hilfslaenge

\newlength\md@verticalmarginwhole@length

\newlength\mdf@xmargin@length%
\newlength\mdf@ymargin@length%
\newlength\mdfboxheight%                            %% Berechnungsvariable tikz
\newlength\mdfboxwidth%                             %% Berechnungsvariable tikz


\newlength\mdfboundingboxheight
\newlength\mdfboundingboxwidth
\newlength\mdfpositionx
\newlength\mdfpositiony



\providecommand*\ptTps{}


%%==================================================%%
%%=================== Kommentare ===================%%
%%==================================================%%

\chardef\md@arrayparboxrestore=\catcode`\|   % for debug
\catcode`\|=\catcode`\%                      % (debug: insert space after backslash)
%% Kommentare werden im Code mit | gekennzeichnet


%%==================================================%%
%%================= Platz auf Seite ================%%
%%==================================================%%
\newlength\md@freevspace@length
\def\md@freepagevspace{%
     \ifdimequal{\pagegoal}{\maxdimen}%
          {%
            \setlength{\md@freevspace@length}{\vsize}%
          }{
            \setlength{\md@freevspace@length}{\pagegoal}%
            \addtolength{\md@freevspace@length}{-\pagetotal}%
          }%
}

%%==================================================%%
%================= Breite der BOX =================%%
%%==================================================%%

% edge-leftmargin-outerlinewith-middlelinewidth-innerlinewidth-innerleftmargin-TEXTBREITE-
% innerrightmargin-innerlinewidth-middlelinewidth-outelinewith-edge
\newlength\md@horizontalspaceofbox
\def\md@horizontalmargin@equation{%
    \setlength{\md@horizontalspaceofbox}{\hsize}
    \addtolength{\md@horizontalspaceofbox}{%
                         -\mdf@leftmargin@length%
                         -\mdf@outerlinewidth@length%
                         -\mdf@middlelinewidth@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@innerleftmargin@length%
                         -\mdf@innerrightmargin@length%
                         -\mdf@innerlinewidth@length%
                         -\mdf@middlelinewidth@length%      
                         -\mdf@outerlinewidth@length%
                         -\mdf@rightmargin@length%
                        }%
  \ifboolexpr{ test {\ifnumequal{\mdf@style}{0}} or test {\ifnumequal{\mdf@style}{3}}}%
           {
           \notbool{mdf@leftline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                 }}{}%
           \notbool{mdf@rightline}{\addtolength{\md@horizontalspaceofbox}{%
                                    \mdf@innerlinewidth@length%
                                    +\mdf@middlelinewidth@length%      
                                    +\mdf@outerlinewidth@length%
                                  }}{}%
    }{}%
    \advance\md@horizontalspaceofbox by - \width\md@arrayparboxrestore%
    %%% Beruecksichtigung, dass Auszaehlung bzw. list-Umgebung enthalten
    \ifdimless{\md@horizontalspaceofbox}{3cm}{\md@PackageWarning{You have only a width of 3cm}}{}
    \hsize=\md@horizontalspaceofbox%
}




%%==================================================%%
%%========= Seitenparameter und Strafpunkte ========%%
%%==================================================%%
\def\md@penalty@startenv{%
 \begingroup%
   \skip@\lastskip%                             %%% lastskip nur ungleich null nach section, list, figure, usw.
   \if@nobreak%
   \else 
      \penalty9999 % updates \page parameters <-pruefen
      \ifdim\pagefilstretch=\z@                 %%% pagefilstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fil-Anteil
                                                %%% auf der aktuellen Seite
         \ifdim\pagefillstretch=\z@             %%% pagefillstretch ist ein internes Register fuer den
                                                %%% Seitenumbruch. Es entaehlt den akkumulierten (gespeicherten) fill-Anteil
                                                %%% auf der aktuellen Seite
            %%% nicht unendlich dehnbar, so hier foerdern eines Seitenumbruches
            \edef\@tempa{\the\skip@}%
            \edef\@tempb{\the\z@skip}%
            \ifx\@tempa\@tempb                  %%% ???????
                  \penalty-30%
            \else
                  \vskip-\skip@%
                  \penalty-30%
                  \vskip\skip@%
            \fi
         \fi
      \fi
    \penalty\z@%
    % Give a stretchy breakpoint that will always be taken in preference
    % to the \penalty 9999 used to update page parameters.  The cube root
    % of 10000/100 indicates a multiplier of 0.21545, but the maximum 
    % calculated badness is really 8192, not 10000, so the multiplier
    % is 0.2301. 
    \advance\skip@ \z@ plus-.5\baselineskip%
    \advance\skip@ \z@ plus-.231\height%
    \advance\skip@ \z@ plus-.231\skip@%
    \advance\skip@ \z@ plus-.231\topsep%
    \vskip-\skip@ \penalty 1800 \vskip\skip@%
  \fi
 \addvspace{\topsep}%
 \endgroup%
 % clear out pending page break
 \nobreak \vskip 2\baselineskip \vskip\height%     %%%\@M=10000
 \penalty9999 \vskip -2\baselineskip \vskip-\height%
 \penalty9999 % updates \pagetotal
}%


%%==================================================%%
%%============Start der globalen Umgebung===========%%
%%==================================================%%
\newskip\md@temp@frame@hsize \md@temp@frame@hsize=0pt%
\newskip\md@temp@frame@vsize \md@temp@frame@vsize=0pt%

\def\mdframed@global@env{\relax%
   \let\width\z@%
   \let\height\z@%
   \md@penalty@startenv%
   \def\@doendpe{\@endpetrue%                      %%% SIEHE LATEX.ltx -- ersten Absatz ignorieren
                 \def\par{\@restorepar\par\@endpefalse}%
                 \everypar{{\setbox\z@\lastbox}\everypar{}\@endpefalse}%
                }%
   \md@horizontalmargin@equation%
   \setbox\@tempboxa%
       \vbox\bgroup\@doendpe%
                 \begingroup%                %%% zweites begingroup noetig, dass fontcolor gesetzt werden kann
                 \mdf@@fontcolor%            %%% Setzen der Schriftfarbe
                 \textwidth\md@horizontalspaceofbox \columnwidth\md@horizontalspaceofbox%
}%

\def\endmdframed@global@env{\par%
     \kern\z@%
     \hrule\@width\md@horizontalspaceofbox\@height\z@%   
     \penalty-100 % put depth into height
   \endgroup%
 \egroup%
 \begingroup%
  \mdf@@fontcolor%
  \setbox\@tempboxa\vbox{\unvbox\@tempboxa}
  \md@put@frame%
 \endgroup%
}

%%==================================================%%
%%===========Ausgaberoutine -> Berechnung===========%%
%%==================================================%%

%% \md@put@frame nimmt den Inhalt der \@tempboxa und packt alles oder nur einen Teil
%% auf die Seite mit dem Rahmen.
%% Es ist rekursiv, solange alles von der \@tempboxa aufgebraucht ist (\@tempboxa muss die Tiefe 0 haben.)
%% Erste Iteration: Versuche alles in einen Rahmen zu bekommen. Falls es nicht passt, 
%% splitte es fuer die erste Rahmenumgebung
%% Spaetere Iteration: Versuche alles in den letzten Rahmen zu bekommen. Falls es nicht passt,
%% splitte es erneut. (Versuchsstadium -- Da bisher nur Anfang und Ende enthalten)



\def\md@put@frame{\relax%
   \md@freepagevspace
   \ifdimless{\md@freevspace@length}{1.999\baselineskip}
             {\md@PackageInfo{Not enough space on this page}%die Seite hat nur noch minimal Platz
              \clearpage%
              \md@put@frame
             }{%
               %Hier berechnung Box-Inhalt+Rahmen oben und unten
              \setlength{\md@verticalmarginwhole@length}{\ht\@tempboxa+\dp\@tempboxa}%
              \addtolength{\md@verticalmarginwhole@length}{%
                 \mdf@outerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@innerlinewidth@length%
                +\mdf@innertopmargin@length%
                +\mdf@innerbottommargin@length%
                +\mdf@innerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@outerlinewidth@length%
                }%
                \ifnumequal{\mdf@style}{0}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                 \ifbool{mdf@bottomline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                }{}              
                \ifnumequal{\mdf@style}{3}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                 \ifbool{mdf@bottomline}{}%
                   {\addtolength{\md@verticalmarginwhole@length}{-\mdf@middlelinewidth@length}%
                   }%
                }{}
                \ifdimless{\md@verticalmarginwhole@length}{\md@freevspace@length}%
                {\md@putbox@single}%passt auf Seite
                {\md@put@frame@i}%passt nicht auf Seite
             }
}

\def\md@put@frame@i{%Box muss gesplittet werden -- Ausgabe der ersten Teilbox
      %Berechnung der Splittgroesse -- Linien und Abstand oben
      \md@freepagevspace
      \setlength{\dimen@}{\md@freevspace@length}%
      \addtolength{\dimen@}{%
                -\mdf@outerlinewidth@length%
                -\mdf@middlelinewidth@length%
                -\mdf@innerlinewidth@length%
                -\mdf@innertopmargin@length%
                -\mdf@splitbottomskip@length%
                }%
      \ifnumequal{\mdf@style}{0}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\dimen@}{+\mdf@middlelinewidth@length}%
                   }%
                }{}
       \ifnumequal{\mdf@style}{3}%
                {\ifbool{mdf@topline}{}%
                   {\addtolength{\dimen@}{\mdf@middlelinewidth@length}%
                   }%
                }{}
       \ifdimless{\ht\@tempboxa+\dp\@tempboxa}{\dimen@}%
         {\md@PackageWarning{You got a bad break\MessageBreak
                             you have to change it manually\MessageBreak
                             by changing the text, the space\MessageBreak
                             or something else}%
         \addtolength{\dimen@}{-1.8\baselineskip}
         }{}%
         \addtolength{\dimen@}{-\pageshrink}%Box darf nicht zu GroÃ� werden.
         \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
         \setbox\tw@\vsplit\@tempboxa to \dimen@
         \setbox\tw@\vbox{\unvbox\tw@}%
         \ifdimgreater{\ht\tw@+\dp\tw@}{\dimen@}{%Falsch gesplittet
             \setlength\dimen@i{\dimen@}
             \addtolength{\dimen@}{-\ht\tw@-\dp\tw@}
             \addtolength\dimen@i{0.5\dimen@}
             \boxmaxdepth\z@ \splittopskip\z@%
             \setbox\@tempboxa\vbox{\unvbox\tw@\unvbox\@tempboxa}
             \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
             \setbox\tw@\vsplit\@tempboxa to \dimen@i
             \setbox\tw@\vbox{\unvbox\tw@}%
             }{}%
         \setbox\@tempboxa\vbox{\unvbox\@tempboxa}%PRUEFEN!!!!
         \ifvoid\@tempboxa
           \md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the page settings\MessageBreak
                               like enlargethispage or something else}%
         \fi
         \ifdimequal{\wd\tw@}{0pt}%%pruefe, ob erste Box leer ist
            {\clearpage%
             \md@put@frame}%
          {\md@putbox@first%%Groesse des Splittens passt
           \eject%\clearpage%
           \md@put@frame@ii}%
}


\def\md@put@frame@ii{%Ausgabe der mittleren Box(en) wenn vorhanden
  \setlength{\md@freevspace@length}{\vsize}%
  \setlength{\dimen@}{\ht\@tempboxa+\dp\@tempboxa}%
  \addtolength{\dimen@}{%%Addition der Linien unten
                 \mdf@outerlinewidth@length%
                +\mdf@middlelinewidth@length%
                +\mdf@innerlinewidth@length%
                +\mdf@innerbottommargin@length%
                }%
   \ifboolexpr{( bool {mdf@bottomline} )
               and
               (  test {\ifnumequal{\mdf@style}{0}} 
                  or
                  test {\ifnumequal{\mdf@style}{3}}
              )
              }%
              {}{\addtolength{\dimen@}{-\mdf@middlelinewidth@length}}%
    \ifdimgreater{\dimen@}{\md@freevspace@length}%
    {%
        \addtolength{\md@freevspace@length}{%%Abzug der Linien unten
                    -\mdf@splitbottomskip@length%
                    }%
        \boxmaxdepth\z@ \splittopskip\mdf@splittopskip@length%
        \setbox\tw@\vsplit\@tempboxa to \md@freevspace@length%
        \setbox\tw@\vbox{\unvbox\tw@}%PRUEFEN!!!
        \setbox\@tempboxa\vbox{\unvbox\@tempboxa}%PRUEFEN!!!!
        \ifvoid\@tempboxa\relax%
           \md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the settings}%
         \fi%
        \md@putbox@middle%
        \clearpage\md@put@frame@ii%
     }%Hier die Ausgabe der mittleren Box
     {\ifdimequal{\wd\@tempboxa}{\z@}{\md@PackageWarning{You got a bad break\MessageBreak
                               because the splittet box is empty\MessageBreak
                               You have to change the settings}%
                   }{}%
      \md@putbox@second}%Hier kommt die Ausgabe der letzten Box
}




\catcode`\|=\md@arrayparboxrestore  %%%????




% \md@arrayparboxrestore has parts of \@parboxrestore, performing a similar but 
% less complete restoration of a default layout.  See how it is used in the 
% "settings" argument of \MakeFrame.  Though not a parameter, \hsize 
% should be set to the desired total line width available inside the
% frame before invoking \md@arrayparboxrestore.  
\def\md@arrayparboxrestore{%
   %%%AUS ltboxes.dtx -> \@arrayparboxrestore
   \let\if@nobreak\iffalse
   \let\if@noskipsec\iffalse  
   \let\-\@dischyph                         %%%Default \let\@dischyph=\-
   \let\'\@acci\let\`\@accii\let\=\@acciii  %%%Default: \let\@acci\' \let\@accii\` \let\@acciii\= <- Sicher gehen
                                            %%%dass Defaultwerte erhalten sind
                                            %%%Scheinen Mathesymbole zu sein ???
   % Test ob Listenumgebung enthalten ist
   \ifnum \ifdim\@totalleftmargin>\z@ 1\fi  %%%In latex.ltx->totalleftmargin=\z@, ausser in list-Umgebung:
                                            %%%\advance\@totalleftmargin \leftmargin
          \ifdim\rightmargin     >\z@ 1\fi  %%%Default \rightmargin=\z@, Ausnahme: quote usw.
          \ifnum\@listdepth      >0   1\fi  %%%Zaehler fuer Listentiefe -> Keine Liste \@listdepth=0 sonst, je Ebene +1
           0>\z@                            %%%Ist ein Parameter erfuellt, dann ist es eine Listenumgebung
     \@setminipage                          %%%Passform rund um das Element
     % Nun wird versucht, Aenderungen der Breite von \hsize entsprechend der Listenparameter zu uebergeben.
     % Dies ist defizitaer, denn eine erweiterte Moeglichkeit, Aenderungen der Textdimension anzugegeben
     % ist (noch) nicht vorgesehen, insbesondere keine getrennte linke / rechte Einstellung.
     \advance\linewidth-\columnwidth \advance\linewidth\md@horizontalspaceofbox
     \parshape\@ne \@totalleftmargin \linewidth %%% parshape definiert das Aussehen  eines Absatzes Zeile fuer Zeile.
                                                %%% Seine Parameterversorgung geschieht mittels der folgenden Syntax:
                                                %%% \parshape = n i1 l1 i2 l2 ... in ln.
                                                %%% Dabei gibt der Parameter n an, fuer wieviele Zeilen Definitionspaare folgen.
                                                %%% Jedes Definitionspaar besteht aus der Angabe i_j fuer den Einzug und
                                                %%% der Laengenangabe l_j fuer die entsprechende Zeile. Sind mehr als n Zeilen
                                                %%% vorhanden, so wird die letzte Angabe stets weiter verwendet
   \else % Not in list
     \linewidth=\md@horizontalspaceofbox
   \fi
   \sloppy
}

%%==================================================%%
%%= Sicherstellen, dass Optionen nur global setzbar=%%
%%==================================================%%

\DisableKeyvalOption[%  
  action=warning,  
  package=mdframed,    
]{mdf}{globalstyle}%


\DisableKeyvalOption[%  
  action=warning,  
  package=mdframed,    
]{mdf}{xcolor}%


\endinput
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
EOF
EOF
EOF
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{\bfseries What is a computer?}  A {\bfseries computer} is an automatic, electronic, data-{}processing machine that takes in facts and figures known as {\bfseries data}, and then {\bfseries processes} or organizes it in some useful way.  Afterwards it {\bfseries outputs}, or displays, the results for you to see as information. Keep in mind that data is not information but rather information is derived from accurate data that are entered into a computer. Only after processing, is data transformed into information which is then used for decision making. 


When talking about computers, there are two terms which must be correctly distinguished, {\bfseries hardware} and {\bfseries software}.  Hardware is all the parts of a computer that can be seen and touched. Hardware includes the internal components that we do not usually see unless we open up our machine.  Software is all of the instructions that a computer uses to do what you ask it to do.  Pieces of software are often called {\bfseries programs} and an {\bfseries operating system} is a suite of  programs that help all the other {\bfseries programs} run. Think of software as the power behind the hardware. Without software your computer is useless. Likewise, without hardware the software can\textquotesingle{}t exist. Computers do not think for themselves so they need software, which is made to manipulate the computer\textquotesingle{}s hardware in such a way that you, the user, can understand.

A calculator is a simple computer. It is not as complex or versatile as your net book, laptop or desktop computer though. It acquires information as series of key presses and computes the result which is displayed on a small screen. Since calculators are faster than humans this creates utility in the form of time saved. They can also repeat processes much more easily than humans can. 


Many people mistakenly think that the part of the computer that normally displays pictures and text is the computer.  This is usually not true.  That part is called the {\bfseries monitor}.  The computer is usually a box .  Also, you may call the whole assembly of all the hardware (the computer and the monitor, for example) the computer.  Occasionally though, the computer and monitor are built together, for example, certain Apple computers.

There are different types of monitors.  One of these is the one already shown.  It is called a {\bfseries CRT} monitor.  It takes more power than the other popular kind, called {\bfseries LCD}s .  However, CRT monitors work faster, which makes them better for fast games because the movement will blur less.  LCDs are thinner than CRTs, but they are generally more expensive.


Monitors are only one way the computer can output information for you to see.  Another popular output device is called a {\bfseries printer} .  Printers are used to put data on paper.  This is called {\bfseries hard copy}, what monitors show is called {\bfseries soft copy}.  Computers can also output sounds through speakers; this is also soft copy.


There are also different kinds of input hardware.  The two most important of which are the {\bfseries mouse} and the {\bfseries keyboard}.  A mouse is used to move the {\bfseries cursor} (or arrow) around the {\bfseries screen} (monitor display).  A keyboard is used to enter ({\bfseries type}) letters, numbers, and other symbols  into a computer. 

Computers store all data in {\bfseries binary code}, which is a number system that only uses ones and zeros.  One digit in binary code is called a {\bfseries bit}, eight bits is called a {\bfseries byte}.  A byte is the amount of space one letter takes up.  One thing to bear in mind is that all the extra detail about how the letter looks must also be stored in binary code and so {\bfseries word processor} documents use more space than one byte per letter.

There are many different kinds of computers. The ones that most people use are called {\bfseries Personal Computers} (PCs). {\bfseries Desktop PCs} are computers that you don\textquotesingle{}t move around; they generally are a box with a monitor attached.  Smaller, portable, computers that are about the size of a briefcase are called {\bfseries laptops} or {\bfseries notebooks}.  There are also computers that are around the same size, but they have a special screen: {\bfseries Text} (letters and numbers) is written directly on the screen, these are called {\bfseries Tablet PCs}. They also do not require a mouse; the mouse gestures and clicks are done right on the screen with your finger, or a {\bfseries Stylus}.  {\bfseries Personal Digital Assistants} (PDAs) are computers so small that you can hold them in one hand. They generally also have a {\bfseries Touch Screen}, like the Tablets.  Notebooks, PDAs, and most Tablets have batteries so that you can use them where there is no power. These batteries generally last for about three to four hours before needing to be recharged.  They use LCD screens because LCDs are thinner and take less power, so the batteries will last longer, and so that they are not, say, a foot thick.  There are also much more powerful computers called {\bfseries mainframes} that can be as big as a room or a house! This is what, say, Google and Wikimedia run their websites off of. 

Now we will do something basic with the computer, turn it on and back off again!  First, turn the power on (using the button or switch on the computer), and turn the monitor on too.  After awhile and an assortment of on-{}screen pictures and words that may flash by, some form of login screen or {\bfseries dialog box} should come up.  You do not need to worry much about what it is for now. It may not appear at all, or it may be in another variation.

If it comes up, and it is like this one, you must type the correct {\bfseries login name} and {\bfseries password} in the respective boxes.  Then press the {\bfseries enter} key, or {\bfseries click} on (put the cursor on top of and push the left button on the mouse) the OK {\bfseries button} if there is one.  If the box does not come up, do not worry, nothing is wrong.  That just means the computer is set not to have a password.  We will learn more about this later.  If this box did not come up, but instead a screen that says ‘Welcome’ somewhere came up, click the picture with the correct user name beside it, type in the password (if there is one), and push the key on your keyboard that says ‘Enter’ or ‘Return’.

To turn the computer off, move your mouse to the bottom of the screen.  Usually, in the bottom left-{}hand corner it will say ‘Start’.  Click on that, and a {\bfseries menu} should pop up.  In the bottom of the menu you will see ‘Turn Off Computer\textquotesingle{}.  Click on this.  A box like Figure 1.8 will come up, just click on (1).  If a screen comes up that says ‘It is now safe to turn off your computer’, then flip the power-{}switch, otherwise your computer will turn off automatically.  It can often damage the hardware of your computer to switch it off at the plug without following this procedure first.
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{\bfseries Software}

Software is the set of instructions that tell a computer what it needs to do.


There are two kinds of software: the {\bfseries System Software} which includes the Operating System and {\bfseries Applications Software}.


{\bfseries Operating System}

Abbreviated OS, the Operating System is the resource manager which transforms sectors, bytes, interrupts and ports into files, folders, processes, and the user-{}interfaces with which you can interact.  Examples include: Microsoft Windows (XP, Vista, or 7), any flavor of Linux, and Mac OS X (An apple version of Unix).

{\bfseries Applications Software}

Also called user programs, pieces of applications software do the specific things you want.


The Operating System runs the computer and the Applications Software.  It makes sure that the Hardware and the Applications Software understand each other.  This makes it the most important piece of software on the computer.  The Operating System also comes with {\bfseries utilities}.  These are pieces of Applications Software that mostly deal with managing data.  You can also buy {\bfseries Third Party} utilities, which means a different company made them than made the Operating System.


{\bfseries Utilities}
Programs that manage, repair, and optimize data on a computer.  A basic set comes with every OS.


Applications Software does the specific things you want the computer to do, Whereas the Operating System is general instructions to the computer for controlling the Hardware, Applications Software is specific instructions that work together with the Operating System to do work for you.

There are as many different kinds of Applications Software as there are things you could want to do with a computer, however the most common are {\bfseries word processing}, {\bfseries spreadsheet}, {\bfseries presentation}, and {\bfseries database} software and all computer games.  Word processing software is used to create {\bfseries documents}, which are formatted pages of text, such as letters, memos, reports or essays.  Spreadsheet software organizes data, usually numbers, into columns and rows.  It is used mostly for accounting and has many features for doing mathematical operations.  Presentation software is used to make {\bfseries virtual} (or, simulated) slide shows and usually have all sorts of exciting features for animations and sounds that you just can’t do in a normal slide show.  Database software is an advanced way of organizing complicated information in simple formats. A database is your electronic filing cabinet.

Most computers come pre-{}installed with an OS called {\bfseries Microsoft® Windows®}.  Most OS\textquotesingle{}s and programs have the same features whether they use Windows or not, but all computers running Windows will have these features with these names.  The thing we did in the last chapter with the box that comes up when you turn on your computer is called {\bfseries logging in}.  The screen you see after logging in is called the {\bfseries Desktop}.  Most things on a computer are named after things in real life, and they are usually used similarly too.  Just like a real desktop the desktop on a computer is where you go to access all your data. However, a real desktop has a flat horizontal surface.

You can replace the Operating System with another whether or not your system gets a virus.  The most common replacement Operating System is called Linux.  It is free to download and install and software for it is freely available via the Internet.


{\bfseries Desktop}
The desktop is the area that appears right after logging in.  It contains a background picture (wallpaper),icons and the taskbar.


On the desktop are pictures with text labels under them, these pictures are called {\bfseries icons} because they represent something else.  If you move or get rid of an icon, all that means is that you have to access what they represent a different way, you haven’t gotten rid of the application software the icon is representing.  Icons usually represent programs, but sometimes they represent collections of data.  {\bfseries Double-{}clicking} (clicking twice in rapid succession) on one of these icons will open whatever it represents, the text tells you what it represents.


{\bfseries Icons}
A tiny picture that represents a program, folder, or program function.


There is a bar that is usually at the bottom of the desktop, however it may also be on any other side.  If you cannot see it, then move the cursor to the edge where it is and it will come up.  It is called the {\bfseries task-{}bar}.


{\bfseries Taskbar}
The taskbar is the bar along one side of the desktop.  It is used for launching programs or opening the window of an open program.


Along the main part of the task-{}bar is a list of all open programs, clicking on one element of this list will put that program’s {\bfseries window} (the box that a program is viewed in) on top of all other open windows.  Over on one side of the task-{}bar is a clock; beside the clock are a bunch of icons that represent open ‘invisible’ programs.  These are programs that are always running and do things ‘behind the scenes’.  This area is called the {\bfseries system tray}.  On the main part of the task-{}bar there is sometimes a small group of icons, this is called the {\bfseries quick-{}launch bar}.  Clicking on one of these icons opens whatever it represents.


{\bfseries System Tray}
The system tray holds icons for programs currently running ‘behind-{}the-{}scenes’.


On the opposite side of the task-{}bar from the clock and the system tray is a button.  A {\bfseries button} (or {\bfseries command button}) is just like a real button, when it is pushed (clicked) it does something.  Some buttons have text on them that say what they do, and some have icons representing what they do.  Some have both.


{\bfseries (Command) Buttons}
Buttons do something when you click on them.  They may be labeled by text, an icon, or both.


The quick-{}launch icons are also buttons.  Some buttons are raised to look like real buttons and some only raise up when you {\bfseries hover} (put the cursor on top of) them.  The button on the other side of the start-{}bar from the clock and system tray is called the {\bfseries start-{}button}.  When you click the start-{}button it opens the {\bfseries start-{}menu}.  The start-{}menu has icons for more programs and data collections, although it is usually programs.


{\bfseries Start button}
The Start button is a button that opens the start-{}menu.

{\bfseries Start menu}
The Start menu contains icons for all installed programs and data collections, usually for programs.


The icons that are on the desktop, the quick-{}launch bar, and the start-{}menu are usually {\bfseries shortcuts}.  On the desktop shortcuts are often indicated by a small symbol on top of the icon (

\begin{minipage}{1.0\linewidth}
\begin{center}
\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/1.png}
\end{center}
\raggedright{}\myfigurewithoutcaption{1}
\end{minipage}\vspace{0.75cm}

).  Shortcuts are what I meant earlier when I said ‘if you move or get rid of an icon, all that means is that you have to access what they represent a different way, you haven’t gotten rid of the actual thing’.  Icons represent all data collections and programs even if they are not shortcuts, however normally the ones on the desktop and in the start-{}menu are shortcuts.


{\bfseries Shortcuts}
Icons that are only links to the things those icons represent.


The difference between icons and shortcuts is important so be sure you understand it.  An icon is any picture that is meant to convey what something is.  The icon on the start-{}button represents the fact that it is a major part of Windows, which is why it is a Windows logo.  Shortcuts are a link to a program or data collection; the icon on a shortcut represents whatever the shortcut opens, however the same icon would be on the real thing as well.  A Venn Diagram can maybe better show this, see Figure 2.2.

You open whatever is linked to by each shortcut on the start-{}menu by clicking on it.  If any icon has a right-{}arrow beside it, then hovering over it or clicking on it will make a {\bfseries sub-{}menu} (a menu inside a menu) come out with more shortcuts on it.

Everything we just talked about is part of the Windows {\bfseries interface}.  An interface is just anything that goes between two or more things.  This interface goes between you and the computer, you could also say that the Operating System is the interface between the hardware and software.


{\bfseries Interface}
An interface, just as the name suggests, is anything that acts as or creates a medium of interaction or communication between multiple things. A {\bfseries user-{}interface} is the means of interaction between (you)the user and the computer.


There are some standard things that are on most user-{}interfaces.  We have already talked about one, buttons.  These things are called {\bfseries controls}.  Below is a table of some of the more common controls, starting with buttons:

\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Name of control and picture &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Description\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} (Command) Button \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/2.png}\end{center}\myfigurewithoutcaption{2}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Buttons (also called command buttons) do something when clicked.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Check box \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/3.png}\end{center}\myfigurewithoutcaption{3}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} A check box turns something on or off.  There is a check in the box if it is on, to change it click on it.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Text box \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/4.png}\end{center}\myfigurewithoutcaption{4}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Also called edit boxes, these boxes let you type text in them.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Radio button &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Also called option buttons, these boxes come in groups, you can only pick one per group.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} List box &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} These boxes contain lists of things: you can select one.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Combo box &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Also called drop-{}down boxes, these boxes are like text boxes, but they have a button on the side that, when clicked, brings up a list of things that you can pick from.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Spin button &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} These buttons increase or decrease numerical values by one when the up or down arrow half is clicked.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Scroll bar &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Click on the arrows at the top and bottom of these bars to move the screen, you can also drag the box that is on the bar.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Label &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Often overlooked, labels don’t do anything, but they sit near other controls with text in them to tell you what those things are. 
\end{longtable}


You can get a basic description of what any control does by hovering your mouse over it.  A little thing with text will pop up.  This is called a {\bfseries tool-{}tip} (or a {\bfseries ToolTip}).

Besides these there are also {\bfseries menu}s.  Menus all operate the same way as the start-{}menu.  Some of them are found at the tops of programs.  These are called {\bfseries main-{}menus} or simply menus.  Other menus are opened by {\bfseries right-{}clicking} (pushing the right mouse button over something).  These are called {\bfseries popup-{}menus}.
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There are no \textquotesingle{}real\textquotesingle{} layers though; you can’t peel off the wallpaper and see the Desktop! However there are ‘virtual’ layers, arranged with the Desktop on the bottom.  What you see behind the icons on the Desktop is called the {\bfseries wallpaper}, whereas the whole thing is the Desktop, not just the picture/colour that you see behind the icons.  Application windows are layered on top.

You can add shortcuts to your Desktop in a number of ways.  The most common way is to right-{}click on the desktop, which brings up the popup-{}menu.  On the popup-{}menu there should be a sub-{}menu labelled ‘New’, hover over this.  When the sub-{}menu pops out find the item labelled ‘Shortcut’ and click it.  A dialogue-{}box will come up asking you where the program or data collection is found.  Later we will get into how to form something to type in the box, however it is easier to just click the button beside labelled ‘Browse...’.

The {\bfseries Browse button} is a standard button that you will see often, clicking it always brings up a dialogue-{}box in which you can select programs and data collections.  Select the program or data collection you want to make a shortcut to and click the button labelled ‘OK’.  The {\bfseries OK button} is also a standard button on dialogue-{}boxes that you click to tell it that you are done filling in information and it can use that data now.  ‘OK’ is usually paired with ‘Cancel’, ‘Cancel’ closes the dialogue-{}box without doing anything.

When you have selected the correct program or data collection click the button marked ‘Next >{}’.  The {\bfseries Next button} is, again, a standard button that tells the dialogue box you are done this step and to go on to the next step in the process.  It usually comes with the {\bfseries Back button} to go to the previous step.  This dialogue-{}box also has a {\bfseries Cancel button}.  After you have clicked ‘Next’ the dialogue-{}box comes up with a text-{}box asking what you want the text under the icon to be for this shortcut.  When you have typed what you want into the box click ‘Finish’, another standard button.


{\bfseries NOTE:}  The true name of these buttons is above in bold.  However it is common computer shorthand to say Click ‘OK’ instead of Click the OK button.  We will be using this shorthand in this book.


If you do not like the text under a shortcut, you can change it.  There are three primary ways to do this.  The first one is to click on the shortcut, {\bfseries selecting} it, and then push the ‘F2’ key on your keyboard.  The text will become a text-{}box that you can type in to change what it says.  The second way is to right-{}click on the shortcut, bringing up its popup-{}menu, and select ‘Rename’ from the popup-{}menu.  The same thing will happen.  Another way to cause it to happen is to select the icon and then click on it.  Do not double-{}click!  That will open whatever it links to, select it and then click.

If you want to change the icon (picture) one your shortcut, bring up its popup-{}menu and select ‘Properties’.  Across the top of the window, just below the bar with the ‘X’ button on it (the {\bfseries title bar}), there are a bunch of {\bfseries tabs}, click the one labelled ‘Shortcut’.  Then, click the button labelled ‘Change Icon…’, in the dialogue-{}box that comes up select the new icon that you want, or click ‘Browse’ to find more files with icons.  In this same window where the ‘Change Icon’ button is, there is a text-{}box labelled ‘Target:’.  It is the same as the box with a Browse button on the first step of adding a shortcut to the Desktop, only there is no browse button.  That it what you change if you want the shortcut to link to something else.

You can also move or sort icons on the Desktop.  To sort them right-{}click on the Desktop and hover over the sub-{}menu called ‘Arrange Icons By’.  Then click on the way you want them sorted.  If you want them automatically sorted make sure the ‘Auto Arrange’ option is checked (you can check or uncheck it by clicking on it).  If you have Auto Arrange off, you can put the icons wherever you want them.  Click on one and don’t let the button go back up.  Move the cursor over to where you want the icon to be and it will move right along with it.  When you have it where you want it, let go of the mouse button.  This is called {\bfseries dragging-{}and-{}dropping}.

If you want to take an icon off the desktop there are three major ways to do it.  You can select the icon you want to remove and push the ‘Delete’ key on your keyboard.  A dialogue-{}box will come up, click ‘Yes’.  You can also drag-{}and-{}drop the icon onto the {\bfseries recycle bin}, which is an icon on the Desktop labelled exactly that.  Or you can right-{}click on the icon and click ‘Delete’.  The same dialogue-{}box will come up for you to click ‘Yes’ on.  If you did it by accident you can click ‘No’ and it won’t remove the icon.

There are other settings you can change on the Desktop.  To access them right-{}click on the Desktop and select ‘Properties’ from the popup-{}menu.  To change the wallpaper select the tab labelled ‘Wallpaper’ or ‘Desktop’.  To change what picture is displayed for wallpaper select it from the list or if it is not in the list click ‘Browse…’.  There is a combo box from which you can select whether to stretch, {\bfseries tile} (repeat by picture with itself together likes tiles), or centre the picture.  If you just want a colour for your wallpaper, then select ‘(None)’ from the list.  Sometimes there is a combo-{}type box to select the colour right there and sometimes you have to change it under the ‘Appearance’ tab.

You can also change the {\bfseries Screen-{}Saver}.  The Screen-{}Saver is a program that shows up after your computer has not been used for so long so that the monitor will not get wrecked (which can happen if the same picture is displayed on it for hours at a time).  To change the Screen-{}Saver click the tab labelled ‘Screen-{}Saver’.  There will be a combo box that lists all the Screen-{}Savers on your computer.  After you have selected the one you want you can change how long the computer waits before bringing it up in the text box with a spin button that is below the combo box.

You can also change the colour scheme of all the controls in almost all programs.  Click the ‘Appearance’ tab.  There is one or more combo boxes on this page that allow you to select different combinations of default colour schemes.  On this same page, or sometimes you have to click ‘Advanced’ to get there, are other settings.  You can select an element from one combo box, and then change it’s colour and how its text looks.  You can try experimenting with this if you want, just be sure to save your current settings so you can change back (which some versions of windows don’t allow, so don’t worry then).  You do this by clicking the ‘Save As…’ button and typing the name you want to call the colour scheme.

There is one final tab common to most versions of Windows.   It is the ‘Settings’ tab.  It is not recommended to change settings in this tab unless you know what you are doing.  Some games will give errors when you try to start them like ‘256 colours required’ or ‘This program needs 640 × 480 to run’.  This is where you set those.  There is a combo box here, selecting a different option from this box changes the number of colours your computer can display.  More colours mean more quality.  There is also a {\bfseries slider} labelled ‘Screen resolution’.  It increases or decreases the size of everything displayed on your monitor.  The larger the numbers, the smaller things are, and the smaller things are the more you can fit.  When this is set to make things smaller, some programs (or you can manually) change their stuff so that it looks the same size, allowing them to have more quality in display.
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Before we get into anything else we need a basic understanding of how a computer stores data.  Inside the computer box there are many different pieces of hardware used for storing data.  One of these is the {\bfseries memory}.  A Computer’s memory is where it stores the data that is currently in use.  So, for example, when you have a letter open and are looking at or working on it the computer stores it in memory.  All the software currently running is stored in memory too.  This kind of memory is called {\bfseries RAM} ({\bfseries Random-{}Access Memory}).  Random-{}access means that any part of the information may be read or changed randomly, the computer does not have to look through all the data in order so that it can find the right piece.  There is another kind of memory called {\bfseries ROM} ({\bfseries Read-{}Only Memory}).  {\bfseries Read-{}only} means that the data on it cannot be changed.  ROM is used to store basic information that every computer needs.


{\bfseries Random-{}access memory}
RAM is used to store the data the computer is currently using.

{\bfseries Read-{}only memory}
ROM is used to store the basic information that every computer needs.


When a computer is turned off, everything in RAM is erased.  Because this would cause you to lose your work all the time, {\bfseries disks} were created.  Disks are round flat objects, but in computer slang they are pieces of data storage hardware that do not need electricity to keep the data stored.  There are other things that do this that are not disks, however the things inside of all things called disks are round and flat, so that is how the term came to be.  All disks need to be in another piece of hardware that acts as an interface between them and the rest of the computer called a {\bfseries drive}.

There are two main kinds of disks: {\bfseries Magnetic} and {\bfseries Optical}.  Magnetic disks are the old kind and are slowly being replaced.  They store data by aligning little pieces of metal inside differently using a magnet.  Because of the way they store data magnetic disks can be erased or completely destroyed by magnets, heat, and dust.  The two most popular forms of magnetic disks are {\bfseries Hard Disks} and {\bfseries Floppy Disks}.  Hard disks are stored permanently inside their drive, which is normally installed into the computer box where you cannot see any part of it.  Hard Disks can store a lot of data, and are used to store most of the information on computers.  Floppy disks are small disks that you can pop in and out of their drive.  All you can see of their drive is a slit in the computer box with a button and a light.  You can put in different disks and then take them out and give them to someone so that you can transfer data between your computers.


{\bfseries Hard disks}
Hard disks are used to store most of the data on a computer, and can store more than anything else can.

{\bfseries Floppy disks}
Floppy disks are used to transfer data between computers, but are very small.


Optical disks are the newer kind of disk.  The most popular kind of optical disk is the {\bfseries Compact Disc} ({\bfseries CD}).  CDs can still be put into and taken out of their drive, making them good for buying programs on, and nowadays for transferring data.  Normal CDs that you buy with programs on them are {\bfseries CD-{}ROM}s.  They are called that because, like ROM, they are read-{}only.  You can also get {\bfseries CD-{}R}s and {\bfseries CD-{}RW}s, which are not read-{}only and are not erasable and erasable, respectively.  Unlike floppy disks that can store only 1.44 megabytes (MB, that’s 1 048 576 bytes, usually we estimate that it is one million), CDs can store around 700MB!  And, because CDs store their information with variations in the shape of the disk that reflects a laser differently they cannot be damaged as easily.  However, you should still never touch the shiny surface of the CD.  {\bfseries Digital Versatile Discs} ({\bfseries DVD}s) are another kind of Optical disc that work identically to CDs, however they can store much more information and transfer it at much higher speeds.  There is also a new format coming in from Japan that is smaller and faster than DVDs and stores much more information!  Today you can also get memory cards that are called {\bfseries flash memory} or, more properly, {\bfseries EEPROM}s.  These are cards that operate just like ROM that isn’t read-{}only, so they don’t lose their information when the power is cut.


{\bfseries Compact Discs}
CDs are the most popular form of optical discs.

{\bfseries Digital Versatile Discs}
Sometimes called Digital Video Discs because of their extensive use in video, DVDs can store more than CDs.


All data on a computer is stored in collections called {\bfseries file}s and {\bfseries folder}s.  A file is the most basic collection of data on a computer.  A file can store the instructions for a single program, or the data for a single letter.  Folders are collections of files.  So a file is like a piece of paper and you put it in a folder.


{\bfseries Files}
Files are the most basic data collections, they store the data for a single thing.

{\bfseries Folders}
Also called directories, folders are collections of files.


It is very necessary to sort files properly into folders so that you can find them again.  Many people have had to redo entire projects because they lost their file by putting it into the wrong folder.  Most files are named with two parts.  The first part of the filename is a description of the file.  After this comes a ‘.’ followed by the second part.  The second part of a filename is called the {\bfseries extension}.  Extensions are often three letters long and they tell you what kind of file it is.  For example ‘exe’ files (files with an extension of ‘exe’) are programs.  ‘Doc’ files are Microsoft Word documents.

Besides {\bfseries saving} (taking a file you have open in a program and writing it from memory onto a disk) there are many other file operations.  These can all be done using the same program.  This program is a utility called a {\bfseries file manager}.  There is a file manager that comes with Windows called {\bfseries Windows Explorer}, or sometimes just Explorer.  To open Explorer go to ‘Start-{}>{}Programs-{}>{}Windows Explorer’ or Right Click Start, Click Explore, and the Directory should show. Yet in Windows XP, You go ‘Start-{}>{}All Programs-{}>{}Accessories-{}>{}Windows Explorer’.


{\bfseries NOTE:}  This is a standard computer notation for menus.  When you see something that goes ‘M1-{}>{}M2-{}>{}...’ or sometimes ‘M1 >{} M2 >{} ...’ it means that you are to open the menu item M1 and then open the sub-{}menu M2 etc. and the final item is the menu item to click on.  Obviously, ‘Start’ is the start-{}menu.


Sometimes Explorer will start you off looking at your ‘My Documents’ folder, and sometimes it will start you off looking at drive C (C:).

Don’t worry if your window doesn’t look exactly like this.  Since this is our first screenshot, let’s make sure we know what were talking about.  (1) is the title bar and (2) is the main menu.  Below the menu is the {\bfseries toolbar}.  (3) is the icon representing a folder and (5) is the icon representing a file.  (4) is the icon representing a hard disk, also called hard drive, because the disks and the drive are in one, sealed, box, (this one is called ‘C:’, all drives have a letter).  (6) is what you click to view sub-{}folders.  So, if there isn’t a {\bfseries tree} (the part in the circle) below your hard drive (which should be the icon in the left-{}hand {\bfseries pane}, the part in the square, and should have a name followed by ‘(C:)’ as seen above with (4)) then click the ‘+’ (6) beside it.  This is a lot of new stuff so it may be a little bit confusing.

Now we have a tree open below our hard drive showing us all the folders that are directly in the {\bfseries root} of the hard drive.  Now should be a good time to look at the standard conventions for drives and {\bfseries path}s.  As you can see above, the {\bfseries drive letter} is always is brackets after the name of a drive.  The first (or only) floppy drive is almost always ‘A:’.  If you have a second floppy drive it will be ‘B:’.  Your first hard drive is ‘C:’ and your CD drive is ‘D:’.  If you have more hard drives the other drives change accordingly (i.e. if you have a second hard drive that is ‘D:’ and your CD drive will become ‘E:’).  You can have folders inside folders as well as files, and the drive itself acts like a folder.  So if you wanted to designate a file called ‘Letter.rtf’ that is in the folder ‘My Documents’ and that folder is found in the root of the hard drive ‘C:’, you separate the elements with a back-{}slash ‘\textbackslash{}’ and come up with ‘C:\textbackslash{}My Documents\textbackslash{}Letter.rtf’.

Now {\bfseries navigate} to your ‘My Documents’ directory.  It should be found at ‘C:\textbackslash{}My Documents’ or ‘C:\textbackslash{}Documents and Settings\textbackslash{}{$\text{[}$}Your Name{$\text{]}$}\textbackslash{}My Documents’.


{\bfseries NOTE:}  Navigate means to make it so you are looking at that in your file manager.  For example to navigate to ‘C:\textbackslash{}My Documents’ you would open the tree on ‘C:’ like we did before (or by double-{}clicking on it in the right-{}hand pane).   Then you would click the icon that is labeled ‘My Documents’, or double-{}click on this icon in the right-{}hand pane (that is, the part in the octagon).


Now, to open a file in its program, double-{}click on its icon in the right-{}hand pane.  To {\bfseries delete} (remove) files is the same as removing shortcuts from the desktop.  If you accidentally delete a file you wanted, open the Recycle Bin (double-{}click on its desktop icon) right-{}click on the file and select ‘restore’ from the popup-{}menu.  If you want to permanently get rid of all files in the Recycle Bin, right-{}click on the Recycle Bin and select ‘Empty Recycle Bin’ from the popup-{}menu.  Deleting or restoring folders works the same way.

If you are going to sort your files properly into folders, you need to know how to create them.  To create a folder, navigate to the folder you want the new folder in.  Then, right-{}click on a blank area of the right-{}hand pane to bring up the popup-{}menu.  Then select ‘New-{}>{}Folder’ from the menu.  Type the name of the folder and press ‘Enter’.  To arrange file in folders, you also need to be able to {\bfseries copy} and {\bfseries move} both files and folders.  Moving means that the file or folder goes to the new location and is no longer in the old location.  To move a file or folder, simply drag-{}and-{}drop the file or folder from where it is in the right-{}hand pane on top of the folder where you want it to be in either the right or left-{}hand pane.  Copying means that the file or folder stays where it is, and a duplicate is created in the new location.  To copy a file or folder you {\bfseries right-{}drag-{}and-{}drop} (that is, drag-{}and-{}drop by holding down the right mouse button instead of the left one) from its old location on top of the new one.  A popup-{}menu will come up asking if you want to copy, move, or create a shortcut to the file or folder.  If you want to copy, select ‘Copy Here’.

If you want to search the whole computer for a specific file or folder there are two possible ways to do it.  Some versions of Windows Explorer have a button on the toolbar that says ‘Find’, click on this.  In all versions of Windows you can go to ‘Start-{}>{}Find-{}>{}Files or Folders’ or ‘Start-{}>{}Search’.  Some versions of the search have extra features to make it easier that it displays first.  To bypass these click ‘All files and folders’.  If your version came up with text boxes right away you don’t have to do this.  Once the text boxes are up you can select what drive or folder to search from the combo box.  The topmost text box is where you type all or part of the filename.  You can also create {\bfseries wildcard searches}.  To do this you type letters that are in the filename along with symbols called {\bfseries wildcards}.  The wildcards are ‘*’ and ‘?’.  ‘*’ represents an infinite number of characters or nothing.  ‘?’ represents exactly one character.  So ‘?ello.doc’ would find ‘Hello.doc’ and ‘jello.doc’.  ‘Si*.*’ would find all files that start with ‘Si’.

Finally there are file properties.  Different kinds of files have different properties and different versions of Windows can have different kinds of properties allowed.  You can experiment with these if you want.  To open the properties for any file, right-{}click on it and select ‘Properties’.  In the window that comes up you can change all the properties of the file that can be changed.  In this window it also shows the name and location of the file and its size in bytes, kilobytes (KB, 1 024 bytes, usually estimated at 1 000 bytes), or megabytes.  It also shows the attributes, the most commonly used and useful of which is the read-{}only attribute.  When you check the read-{}only check box and click OK, Windows won’t let any program change the file.  If you uncheck the box Windows will let programs change it again.
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We’ve been moving extremely fast and covering a lot of potentially new and confusing material, so let’s take a second to review (some of you may remember this better if you try thinking about the pictures in brackets instead of the words):

\begin{myitemize}
\item{}  Computers are machines that process data (picture a giant contraption with sheets of paper containing information being fed in, and ice cream coming out)
\item{}  Go back to the table of controls in Chapter 2 and review all of those (picture something really obvious for each one, like the control panel of a sci/fi spaceship for buttons)
\item{}  The desktop is behind everything and is your access panel to everything (picture an office desk covered in switches, buttons, and knobs)
\item{}  Shortcuts are only links to other files (picture a whirlpool that looks like Mars sucking you to Mars)
\item{}  Everything, programs, shortcuts, letters, and data of all kinds is stored on the computer as files (come up with your own picture, make it interesting)
\item{}  You copy and move files by drag-{}and-{}drop (picture a ball, you pick it up and move it, then you pick it up and put it down somewhere else while it stays in the second place)
\end{myitemize}


There was much more covered (especially terms and the hardware from \mylref{2}{Chapter 1}) but this should help you get oriented and give you a good handle on where we’ve been.

Now we’re moving forward again.  The next big centre to tackle in Windows is the {\bfseries Control Panel} ({\bfseries CP}).  The Control Panel is where you change almost all the main things in Windows.  “But didn’t we change a lot of things, like the wallpaper and colours and screensaver, without going through there?”  Yes, but we took a shortcut.  Go to ‘Start-{}>{}Settings-{}>{}Control Panel’ or ‘Start-{}>{}Control Panel’ (it may come up with a window or be a sub-{}menu), then double-{}click (click if it’s a sub-{}menu) on ‘Display’.  There it is; the box that we used to change the wallpaper, screensaver, and colours


{\bfseries NOTE:}  Your Control Panel may come up looking totally different and you may be lost.  If there is no icon in your control panel called ‘Display’ then your computer is running in a ‘User Friendly’ mode.  To switch out of it into the ‘normal’ view, look at the left-{}hand side of the Control Panel window and find the option called ‘Switch to classic view’ and click this.  If you can’t find it, look at \mylref{17}{Appendix A}.


So now we’ve reached the main control centre of Windows, what’s the first thing?  How about a severe warning?  The options in the Control Panel are necessary and useful, however do not change anything unless you understand it and know what you are doing.  Blindly changing any setting can wreck havoc with your computer.

Now, on to the next item.  {\bfseries Desktop themes}!  We have already changed the way Windows looks, however Desktop Themes (or just {\bfseries Themes}) are designed to make it easier.  Navigate to ‘Start-{}>{}Settings-{}>{}Control Panel-{}>{}Desktop Themes’ or ‘Start-{}>{}Control Panel-{}>{}Display’.  These two versions of Desktop Themes are implemented very differently.  If you have a ‘Desktop Themes’ item on your Control Panel, the double click on this icon.  In the window that opens, you can select a theme from the drop down box near the top.  In the centre area, the different items will change to show you what that Theme looks like.  There are two buttons in the top right-{}hand corner of the window that allow you to preview the Screen Saver, sounds, and cursors.  The check boxes below these buttons are for selecting which parts of the Theme to apply.  So if you only want, say, the wallpaper from one Theme and everything else from another, then you would uncheck everything except for ‘Desktop wallpaper’.

If you don’t have a ‘Desktop Themes’ item on your Control Panel, then Desktop Themes for you are integrated into the Display box.  Go to the tab labelled ‘Themes’ and select the one you want from the ‘Theme:’ combo box.  Just as with the other version there is an area below that will show a preview of what the wallpaper, colours, and some of the icons will be changed to.  Click ‘Apply’ or ‘OK’ to change your settings to those determined by the Theme.

Now to get to something really useful, {\bfseries install}ing and {\bfseries uninstall}ing programs!  Most programs nowadays come on one or more CDs.  You put the CD (or the first CD) in the drive and it {\bfseries auto-{}starts} (automatically runs the installation program).  You follow the instructions, answer the questions, and voila!  Your program is ready to use.  Sometimes, however, this does not work, and what if you want to remove a program?  So, navigate to the Control Panel and open ‘Add/Remove Programs’ or ‘Add or Remove Programs’.  No matter what your version of Windows, a list will be displayed of most of the programs on your computer.  To remove a program (uninstall it), click on it in the list and then click ‘Add/Remove’ or ‘Change/Remove’ and answer the questions, if there are any.  To add (install) a new program make sure that its CD or Floppy disk is in the drive and then click ‘Install…’ or ‘Add New Programs’ and answer the questions.

Okay, that was easy, wasn’t it?  All automated and simple.  Now remember back to Chapter 1 when we logged on to the computer.  Some computers don’t have a password to log on: some never show the box.  Some computers can be set up to have multiple usernames and passwords (accounts) so that you can log into different desktops.  How can we set all this up?  From the Control Panel, of course!  Open ‘Passwords’ or ‘User Accounts’ on your Control Panel.  These two work very differently, and they are both presented below.

If your computer has the ‘Users’ item, then you have to check something before you can change the accounts.  Open the Control Panel item called ‘Passwords’.  In the window that pops up, click the ‘User Profiles’ tab ({\bfseries profile} is another word for account).  There are two radio buttons here.  Click the first one if you want to have only one account on the computer, click the second one if you want to have multiple accounts.  Then use the check boxes at the bottom to specify what things can be customised on each account.  It is recommended to check all of these.

Once you have enabled using multiple accounts, it becomes easy to create a new account.  To create a new account, just type in a different name and password when you start the computer.  Windows will automatically create the new account with that username and password to be used every time you log on with them.

If your computer has the ‘User Accounts’ item then you have a much easier way to change all of these options.  To create a new desktop click ‘Create a new account’.  The computer will ask you what you want to call the new account, this is the username.  Click ‘Next’.  The computer will then ask you if you want this to be a ‘Computer administrator’ or ‘Limited’ account.  It is recommended to run most desktops as limited accounts, however there are some programs that do not function well this way.  There are also many things you cannot do from a limited account (like create a new account, so if the instructions in this paragraph don’t work for you, then it is because you have a limited account).  Click ‘Create Account’ and you have a new desktop of that type under that name!

To change an account in ‘User Accounts’, click on it in the list at the bottom of the window.  The window will then give you the list of options of what you can change.  You can change the account name by clicking on the first option.  You can also change the password by clicking the second option or you can make your account password-{}less with the third option.   To change the picture representing the account you use the fourth option.  You change the account type from administrator to limited and vice-{}versa with the fifth option, and you assign a ‘.NET Passport’ to the account with the fifth option.  All of these options save the last one should be self-{}explanatory.  The final option will be discussed when we discuss the Internet.  If you have multiple desktops on your computer and the account selected is not the account that is currently logged on, then there appears a sixth option ‘Delete the account’.  This options starts a wizard to remove the user from the computer.

You can change the ‘Welcome screen’ (which is the log-{}on screen variation that fills the whole screen talked about in Chapter 1) to the normal log-{}on box.  To do this select ‘Change the way users log on or off’ from the main ‘User Accounts’ screen.  Then uncheck ‘Use the Welcome screen’ and click ‘Apply Options’.

All right, was that a lot of stuff or what?  Now for some concepts, first of all, {\bfseries viruses}, {\bfseries hackers},{\bfseries crackers}, {\bfseries scanners}, and {\bfseries firewalls}.  You may have heard some of these terms before.  Viruses are what people often like to blame (wrongly) for computer problems.  Computer viruses work much the same way as normal ones.  They ‘infect’ a computer by getting their files on its hard disk.  They then begin to copy themselves all over the computer and onto anything that might carry them to another computer, such as floppy disks and emails (more on emails when we talk about the Internet).  They also do damage while they are on the computer.  Many viruses do annoying things, like playing a song or slowing the computer down, however some of them delete files and erase crucial data.  Therefore many people get Virus Scanners.  There are some major benefits to scanners.  The biggest one being that they will destroy many (and maybe all) of the viruses on your computer.  Their disadvantages are that they must be updated regularly, and they slow your computer down.  They also give a false sense of security, making you think you are well protected when they may have missed something.

Crackers are people who break into computers.  Sometimes they do it for fun, sometimes for profit, sometimes to show off.  They often touch nothing.  Sometimes they will take data or erase it.  They tend to prefer government or corporate targets and seldom do serious hackers target normal people.  However, to protect against the theft of data, many people run firewalls.  Firewalls are pieces of software that identify hacker-{}like things and cut them off, providing a huge measure of protection for the home user.  A similar term, hacker, is often used to refer to crackers, however the term hacker more properly refers to someone who knows how to exploit a computer system for beneficial purposes.

We’re almost done, now for error messages.  Error messages do not always indicate an error (or at least, not what {\itshape you} call error messages).  Many so-{}called error messages are simply the program asking for more information.  The first thing to do when you see an error message is to {\itshape read it}.  Many computer experts may seem to violate this rule: that is often because they recognise common messages and know what they say without reading it.  Below is a list of common error message buttons and what they usually do:

\begin{longtable}{>{\RaggedRight}p{0.17262\linewidth}>{\RaggedRight}p{0.74702\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Button label} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries What it does}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} OK &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Confirms the operation and shuts the box\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Yes &\hspace*{0pt}\ignorespaces{}\hspace*{0pt}It performs the operation the message box says it is going to\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} No &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} It does not perform the operation the message box says it is going to\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cancel &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Stops the operation and shuts the box (any data is lost)\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Abort &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} It stops the operation you were trying to do\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Retry &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Tries again giving to time to make changes\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} Ignore &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} Cancels an error message. 
\end{longtable}


Most error boxes have icons beside them to indicate their nature as well:
\begin{longtable}{>{\RaggedRight}p{0.45982\linewidth}>{\RaggedRight}p{0.45982\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries Icon} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} {\bfseries What it means}\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/5.png}\end{center}\myfigurewithoutcaption{5}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The computer have some information for you.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/6.png}\end{center}\myfigurewithoutcaption{6}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The computer is warning you that there may be something you forgot to do or did wrong.\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} \begin{minipage}{1.0\linewidth}\begin{center}\includegraphics[width=1.0\linewidth,height=6.5in,keepaspectratio]{../images/7.png}\end{center}\myfigurewithoutcaption{7}\end{minipage} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} There has been a major computer error. 
\end{longtable}


Computers can break.  Things can go wrong, viruses can destroy information, and the person using the computer can do something wrong.  To protect your data just in case this happens it is necessary to back it up.  {\bfseries Backing up} is making a second copy of data.  If you are changing something and do not want to lose the original you can create a second copy on the hard drive to work with, this is a back up.  However to protect your data in the case of major computer error it is necessary to back it up {\itshape off} of the hard drive.  The most common way to do this is to put all of your data on CDs or DVDs.
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We have now covered all the basic concepts using a computer.  In this chapter we are going to cover the concepts related to networking and using the Internet.

A {\bfseries network} is a way of connecting two or more computers together so that they can share peripherals (hardware like printers) and data.  The most common form of network uses {\bfseries Ethernet}.  Ethernet is a system of data transfer that uses two different kinds of wire, the older one being like a cable television wire and the newer one being like telephone wire.  The newer one is faster and uses an end called {\bfseries RJ-{}45}, which looks like a fat telephone cable end.  Normally, computers are plugged into a {\bfseries hub}, or {\bfseries switch} using an internal piece of hardware called an {\bfseries Ethernet card} or simply a {\bfseries network card} and one of these cables.  Then they can all communicate with each other.

Once the computers can communicate, each item (i.e. printer or folder) that needs to be accessed on the network must be {\bfseries shared}, allowing it to be visible to the other computers.  Any shared item may be blocked off from general use by a password.  One of the other benefits of networks is {\bfseries email} (electronic mail).  Email allows users to send messages and files to each other.  When a new message is received it goes into the users {\bfseries inbox} for storage until it is read, so that a user may receive mail while away from the computer.

Ethernet networks create what is called {\bfseries Local Area Network}s ({\bfseries LAN}s).  This means that they are used within one area (i.e. a house or business building) and that is it.  All the computers in that area may be connected, but no one else.  This can be a problem depending on what you want to do, and a larger network could open up immense possibilities.  Enter the {\bfseries Internet}.  In 1957, just after the USSR launched Sputnik, the American government created ARPA, a scientific research branch for the military.  In 1969 ARPA decided to attempt the creation of a national computer network for communications by the military.  They did not want to use any standard system, however, not just because of the distance, but because of the fear of nuclear attack.  They wanted a network where there was not central hub that could be taken out, but where all remaining parts would function if any other part were destroyed.

After their success, the idea spread.  Different government and educational institutions started connecting into the network.  Because they all used the same {\bfseries protocol} (a set of rules that computers use to communicate, in this case {\bfseries TCP/IP}) and the same wires that carried telephone across the country as soon as they plugged in it was the same network.  Soon different institutions were creating their own {\bfseries server}s (computers that store information meant to be accessed on a network).  By 1989 there were more than 100 000 servers on what was becoming known as ‘the Internet’.  After the Cold War the American government no longer needed a specifically protected portion of this network they had started for their own and the Internet became completely public domain.

In 1990 Tim Berners-{}Lee invented a protocol based on TCP/IP that could work with it on the Internet and was more flexible.  Soon after this, the NCSA (National Centre for Supercomputing Applications) developed Mosaic, a graphical interface for this protocol called the {\bfseries World Wide Web} ({\bfseries WWW}).

The rest of this chapter is going to be spent looking at the WWW (or ‘{\bfseries the Web}’).  To view {\bfseries Web pages} (the electronic documents with pictures and formatted text that you view on the Web) you need to have a {\bfseries Web browser}.  The two most popular browsers are Mozilla Firefox and Internet Explorer.  You can use either one or any other Web browser.  If you are not sure what you have, then you will still have Internet Explorer, it comes with Windows.

To do anything {\bfseries online} (on the Internet), you must first connect to the Internet.  If you don’t know how, see Appendix B.  After you have connected to the Internet, open your Web browser.  Every computer connected to the Internet has an address, called an {\bfseries IP address} to identify it.  This is a number like ‘207.194.50.216’.  To have to remember something like that to access a web page would be a pain, so {\bfseries Domain Name}s were created.  Domain names are names that you can type in the {\bfseries location bar} (more on this below) in your browser.  The name is then sent to a server on the Internet called a {\bfseries DNS} ({\bfseries Domain Name Service}) {\bfseries server} that then returns the correct IP address.

You should be connected to the Internet and have your browser open.  (You may not have access to the Internet where you live.  Your teacher will provide a substitute.)  First we should identify the parts of a browser so that we know what we’re talking about.  Figure 6.1 is a picture of Internet Explorer.  If your browser looks a little different, that is okay.


The location bar can also be called the address bar, and it is where you type the {\bfseries URL} ({\bfseries Universal Resource Locator }or {\bfseries Uniform Resource Locator}), which is laid out as follows:


\begin{center}

\begin{longtable}{>{\RaggedRight}p{0.22283\linewidth}>{\RaggedRight}p{0.21452\linewidth}>{\RaggedRight}p{0.44211\linewidth}} 
\hspace*{0pt}\ignorespaces{}\hspace*{0pt} \myplainurl{http://} &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} home.golden.net &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} /\~{}psweber/\\ \hspace*{0pt}\ignorespaces{}\hspace*{0pt} The protocol name &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The domain name &\hspace*{0pt}\ignorespaces{}\hspace*{0pt} The folder and/or file name on the server 
\end{longtable}


\end{center}


After you type the URL press the Enter key and you web browser will take you to the page.  The first button on the toolbar is the ‘Back’ button.  It does the same thing as the ‘<{} Back’ button that we saw before, it goes to the previous screen you were looking at.  In this case, the previous web page you were at.  The back arrow on the button is a {\bfseries universal icon}.  Universal icons are ones that are always used to represent the same function.  This is different from a program icon like on your desktop or from an icon that only occurs in one program.  Even the ‘<{} Back’ button has a back arrow, that’s what the ‘<{}’ is for.  Note that universal icons do not always look exactly the same (i.e. the arrow can look different, as long as it points left).

A universal icon also identifies the next button on the toolbar, the ‘Next’ button.  If you push the back button, then you can go forwards again by pushing this button.  The next button on the toolbar has two universal icons used together.  A sheet of paper represents a file.  An ‘X’ represents stop.  So the sheet of paper with an ‘X’ on it represents stop loading the file, which is what this button does.  Some web browsers have just and ‘X’ or have a red stoplight on this button.  They mean the same thing, stop.

Two icons are also used on the next toolbar button.  The paper means the same thing, and the arrows going around mean refresh or reload.  This is actually typically a Microsoft icon, although some other companies also use it.  The reload button in Netscape as a bent up-{}arrow, signifying looking at the server again.  This button forces the web browser to look at the server and download all the data for a web page again.  This is primarily used for when the {\bfseries cache} (the place where a web browser stores web pages on your hard drive for quicker access) has an old version of the page that the web browser is displaying and you want to see the newest version of the page.

The next two buttons on the toolbar are the last ones with universal icons.  They have a house, and a magnifying glass.  A house represents ‘home’ and this button takes you to your home page.  A home page is a web page that you have set up for your browser to take you to when it first starts or when you click this button.  The magnifying class represents ‘search’ and this button will take you to a web page from which to search the Internet.

There is one more thing you need to know about if you are going to be using web pages, {\bfseries hyperlinks}.  Hyperlinks (one is labelled in the picture above) can be either text or pictures.  When they are text they are often a different colour and underlined.  When you click on them they take you to a different web page.  The text ones are a different colour once you have been to the web page they point to.  Some text hyperlinks are formatted differently, though, and many hyperlinks are pictures.  How can you know if something is a hyperlink?  Hover your cursor over it and if it is a hyperlink your cursor will turn into a hand, and usually the URL that the hyperlink (or just {\bfseries link}) points to will be displayed in the status bar.

The web is very useful for getting information this way, but what if you don’t know the URL you need?  That is why {\bfseries search engines} were created.  There are more than 10 billion web pages on the Internet, not all of them are catalogued in all search engines and when you search for something you will tend to get pages that have nothing to do with what you want.  However there are some ways to improve your search results.

Go to a search engine.  They all work much the same but if you don’t know of one go to \myhref{http://www.google.com}{ http://www.google.com}.  In the text box you can type {\bfseries keywords} (words that have something to do with what you want to find).  Some search engines have more advanced features that you can explore on your own, but all of them support {\bfseries Boolean operators}.  The two most useful for web searches are AND and OR.  It is best to type them in all caps.  AND tells the search engine that the things on both sides must be in the web page (they may be in its text or in its {\bfseries META} {\bfseries tag}s).  OR tells the search engine that one or the other must be in the web page.  So typing ‘boats AND models’ will look for all pages containing both words, whereas ‘boats OR models’ will find any page with either word.  You can also use NOT, ‘boats NOT Titanic’ returns everything containing ‘boats’ that does not contain ‘Titanic’

You can do more complicated strings too, like ‘boats AND models OR ships AND kits’ which finds all pages containing both ‘boats’ and ‘models’ or both ‘ships’ and ‘kits’.  You can also do something like this, ‘boats OR ships AND models OR kits’ which finds anything containing the word ‘boats’ or ‘ships’ along with either ‘models’ or ‘kits’.
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Email was already partially explained when we talked about networks.  The Internet is often called a ‘network of networks’ but it still has many of the things a network has.  One of those things is the ability to do email.  The problem with email over the Internet is that it would be impossible to list every person on the Internet in one place, have it current with their names, have those names be unique, and still have it be useful.  Since this is the way email on LANs works there needed to be a better addressing system.  Email addresses on the Internet work with domain names, but not with URLs.  All email addresses go by the format ‘username@domain.name’.  Thus ‘julia@yahoo.ca’ is the email address for the person who signed up with Yahoo! Canada for an email address under the username of ‘julia’.  ‘julia62@yahoo.ca’ is what happens when a name was already taken and someone else wants it.

Email typically operates on two sub-{}protocols of TCP/IP, {\bfseries SMTP} and {\bfseries POP3}.  SMTP is used for sending email, and POP3 is used for {\bfseries download}ing (taking off the Internet and putting on your computer) email.  Many different email programs exist.  Three of the most popular are {\bfseries Qualcomm Eudora}, {\bfseries Microsoft Outlook}, and {\bfseries Windows Mail}.  Another popular way to access email is through a web page interface.  There are many differences between all the major programs, however there are some things that are standard.

You can create and email, usually by clicking on a button or link labeled ‘new message’.  The universal icon for an email message (or just for email) is an envelope and the universal icon for ‘new’ is a star.  So there may be an icon of an envelope with a star or something like that.  Remember to use tool-{}tips to find out what buttons with no labels are called.  You type one (or more than one separated by a comma) email address in the box labeled ‘To:’.  The ‘From:’ box is filled in automatically, and then there are ‘Cc:’ and ‘Bcc:’.  You can put email addresses in them and the email will be copied to them so that they can see it was copied or so that they cannot, respectively.  You then type the text for your message into the big text box at the bottom.

If you are connected to the Internet when you click the ‘Send’ button (or other similar button) on the email it will go immediately.  If you are not (or if the button is called ‘Queue’) then the messages go into you {\bfseries Outbox} until you check your mail.  To check your email (that is, to download new messages and send the ones in the outbox) click the ‘Check Mail’, ‘Send and Receive’ or other similar button.  A progress bar will appear in the status bar or a window will come up with one so that you can know when it is finished.  All new messages go into your Inbox, unless you have {\bfseries filter}s set up (we will not be discussing filters in this book).  You can then move them into other mailboxes that you have created by drag-{}and-{}drop.  (To create a new mailbox there should be a ‘Create new mailbox’ on the menu or on a popup-{}menu for the Inbox.)

Some emails have {\bfseries attachment}s, these are files that are in the email that you can open and/or save.  The universal icon for attachments is a paper clip.  You can attach file to you emails by clicking the ‘Attach’ or similar button.  You can open files in email that you receive by either clicking on their icon at the end of an email, or double clicking on it in the ‘Attachments:’ spot at the top, depending on your program.

Email is very useful, but what if you want to talk to someone directly?  So {\bfseries chat-{}rooms} were invented.  Chat-{}rooms are found on web pages all over the place, some are public, and some you need a membership for.  Once you are in, to use it is simple.  There is (usually) as list of the {\bfseries nickname}s (or {\bfseries handle}s, fake names people use on the Internet) somewhere on the page, and when you sign in you give it the one you use.  You type something in a text box at the bottom and press either the ‘Enter’ key or the ‘Send’ or ‘Say’ button and your messages is visible to everyone in the chat-{}room in the text box above, including yourself.   {\bfseries IRC chat} was designed to go a step further.  You need a program for it and it has a few more features (like the ability to ‘whisper’ to only one person in the room).

{\bfseries IM} (Instant Messaging) was designed for one-{}on-{}one or conferencing, much like telephones.  Everyone has a unique nickname or number that you must know in order to contact them with a message, send them a file, or do a real-{}time chat, depending on what your program supports.  You add people to your {\bfseries contact list} or {\bfseries buddy list} and then if you are online, the program notifies you when they are too.  Then you can send them messages, chat with messages, or do other things.

Some IM programs also let you send them messages when they are offline that they will get when they come online.  Something like email, but it works faster.  You can also usually invite other people on your list into an existing chat (or messaging) session so that you can have a little chat room with only people you want.  There are new features coming out for computers all the time.  Many IM programs now let you talk with the people while chatting or even see them!  The biggest advantage over telephones?  You can talk to anyone in the world for any length of time without paying more than your monthly Internet bill.  No long-{}distance charges!
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\section {GNU GENERAL PUBLIC LICENSE}
\begin{multicols}{4}

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
Preamble

The GNU General Public License is a free, copyleft license for software and other kinds of works.

The licenses for most software and other practical works are designed to take away your freedom to share and change the works. By contrast, the GNU General Public License is intended to guarantee your freedom to share and change all versions of a program--to make sure it remains free software for all its users. We, the Free Software Foundation, use the GNU General Public License for most of our software; it applies also to any other work released this way by its authors. You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to make sure that you have the freedom to distribute copies of free software (and charge for them if you wish), that you receive source code or can get it if you want it, that you can change the software or use pieces of it in new free programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you these rights or asking you to surrender the rights. Therefore, you have certain responsibilities if you distribute copies of the software, or if you modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must pass on to the recipients the same freedoms that you received. You must make sure that they, too, receive or can get the source code. And you must show them these terms so they know their rights.

Developers that use the GNU GPL protect your rights with two steps: (1) assert copyright on the software, and (2) offer you this License giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains that there is no warranty for this free software. For both users' and authors' sake, the GPL requires that modified versions be marked as changed, so that their problems will not be attributed erroneously to authors of previous versions.

Some devices are designed to deny users access to install or run modified versions of the software inside them, although the manufacturer can do so. This is fundamentally incompatible with the aim of protecting users' freedom to change the software. The systematic pattern of such abuse occurs in the area of products for individuals to use, which is precisely where it is most unacceptable. Therefore, we have designed this version of the GPL to prohibit the practice for those products. If such problems arise substantially in other domains, we stand ready to extend this provision to those domains in future versions of the GPL, as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents. States should not allow patents to restrict development and use of software on general-purpose computers, but in those that do, we wish to avoid the special danger that patents applied to a free program could make it effectively proprietary. To prevent this, the GPL assures that patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modification follow.
TERMS AND CONDITIONS
0. Definitions.

“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this License. Each licensee is addressed as “you”. “Licensees” and “recipients” may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work in a fashion requiring copyright permission, other than the making of an exact copy. The resulting work is called a “modified version” of the earlier work or a work “based on” the earlier work.

A “covered work” means either the unmodified Program or a work based on the Program.

To “propagate” a work means to do anything with it that, without permission, would make you directly or secondarily liable for infringement under applicable copyright law, except executing it on a computer or modifying a private copy. Propagation includes copying, distribution (with or without modification), making available to the public, and in some countries other activities as well.

To “convey” a work means any kind of propagation that enables other parties to make or receive copies. Mere interaction with a user through a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to the extent that it includes a convenient and prominently visible feature that (1) displays an appropriate copyright notice, and (2) tells the user that there is no warranty for the work (except to the extent that warranties are provided), that licensees may convey the work under this License, and how to view a copy of this License. If the interface presents a list of user commands or options, such as a menu, a prominent item in the list meets this criterion.
1. Source Code.

The “source code” for a work means the preferred form of the work for making modifications to it. “Object code” means any non-source form of a work.

A “Standard Interface” means an interface that either is an official standard defined by a recognized standards body, or, in the case of interfaces specified for a particular programming language, one that is widely used among developers working in that language.

The “System Libraries” of an executable work include anything, other than the work as a whole, that (a) is included in the normal form of packaging a Major Component, but which is not part of that Major Component, and (b) serves only to enable use of the work with that Major Component, or to implement a Standard Interface for which an implementation is available to the public in source code form. A “Major Component”, in this context, means a major essential component (kernel, window system, and so on) of the specific operating system (if any) on which the executable work runs, or a compiler used to produce the work, or an object code interpreter used to run it.

The “Corresponding Source” for a work in object code form means all the source code needed to generate, install, and (for an executable work) run the object code and to modify the work, including scripts to control those activities. However, it does not include the work's System Libraries, or general-purpose tools or generally available free programs which are used unmodified in performing those activities but which are not part of the work. For example, Corresponding Source includes interface definition files associated with source files for the work, and the source code for shared libraries and dynamically linked subprograms that the work is specifically designed to require, such as by intimate data communication or control flow between those subprograms and other parts of the work.

The Corresponding Source need not include anything that users can regenerate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same work.
2. Basic Permissions.

All rights granted under this License are granted for the term of copyright on the Program, and are irrevocable provided the stated conditions are met. This License explicitly affirms your unlimited permission to run the unmodified Program. The output from running a covered work is covered by this License only if the output, given its content, constitutes a covered work. This License acknowledges your rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not convey, without conditions so long as your license otherwise remains in force. You may convey covered works to others for the sole purpose of having them make modifications exclusively for you, or provide you with facilities for running those works, provided that you comply with the terms of this License in conveying all material for which you do not control copyright. Those thus making or running the covered works for you must do so exclusively on your behalf, under your direction and control, on terms that prohibit them from making any copies of your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under the conditions stated below. Sublicensing is not allowed; section 10 makes it unnecessary.
3. Protecting Users' Legal Rights From Anti-Circumvention Law.

No covered work shall be deemed part of an effective technological measure under any applicable law fulfilling obligations under article 11 of the WIPO copyright treaty adopted on 20 December 1996, or similar laws prohibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid circumvention of technological measures to the extent such circumvention is effected by exercising rights under this License with respect to the covered work, and you disclaim any intention to limit operation or modification of the work as a means of enforcing, against the work's users, your or third parties' legal rights to forbid circumvention of technological measures.
4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you receive it, in any medium, provided that you conspicuously and appropriately publish on each copy an appropriate copyright notice; keep intact all notices stating that this License and any non-permissive terms added in accord with section 7 apply to the code; keep intact all notices of the absence of any warranty; and give all recipients a copy of this License along with the Program.

You may charge any price or no price for each copy that you convey, and you may offer support or warranty protection for a fee.
5. Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications to produce it from the Program, in the form of source code under the terms of section 4, provided that you also meet all of these conditions:

    * a) The work must carry prominent notices stating that you modified it, and giving a relevant date.
    * b) The work must carry prominent notices stating that it is released under this License and any conditions added under section 7. This requirement modifies the requirement in section 4 to “keep intact all notices”.
    * c) You must license the entire work, as a whole, under this License to anyone who comes into possession of a copy. This License will therefore apply, along with any applicable section 7 additional terms, to the whole of the work, and all its parts, regardless of how they are packaged. This License gives no permission to license the work in any other way, but it does not invalidate such permission if you have separately received it.
    * d) If the work has interactive user interfaces, each must display Appropriate Legal Notices; however, if the Program has interactive interfaces that do not display Appropriate Legal Notices, your work need not make them do so.

A compilation of a covered work with other separate and independent works, which are not by their nature extensions of the covered work, and which are not combined with it such as to form a larger program, in or on a volume of a storage or distribution medium, is called an “aggregate” if the compilation and its resulting copyright are not used to limit the access or legal rights of the compilation's users beyond what the individual works permit. Inclusion of a covered work in an aggregate does not cause this License to apply to the other parts of the aggregate.
6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of sections 4 and 5, provided that you also convey the machine-readable Corresponding Source under the terms of this License, in one of these ways:

    * a) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by the Corresponding Source fixed on a durable physical medium customarily used for software interchange.
    * b) Convey the object code in, or embodied in, a physical product (including a physical distribution medium), accompanied by a written offer, valid for at least three years and valid for as long as you offer spare parts or customer support for that product model, to give anyone who possesses the object code either (1) a copy of the Corresponding Source for all the software in the product that is covered by this License, on a durable physical medium customarily used for software interchange, for a price no more than your reasonable cost of physically performing this conveying of source, or (2) access to copy the Corresponding Source from a network server at no charge.
    * c) Convey individual copies of the object code with a copy of the written offer to provide the Corresponding Source. This alternative is allowed only occasionally and noncommercially, and only if you received the object code with such an offer, in accord with subsection 6b.
    * d) Convey the object code by offering access from a designated place (gratis or for a charge), and offer equivalent access to the Corresponding Source in the same way through the same place at no further charge. You need not require recipients to copy the Corresponding Source along with the object code. If the place to copy the object code is a network server, the Corresponding Source may be on a different server (operated by you or a third party) that supports equivalent copying facilities, provided you maintain clear directions next to the object code saying where to find the Corresponding Source. Regardless of what server hosts the Corresponding Source, you remain obligated to ensure that it is available for as long as needed to satisfy these requirements.
    * e) Convey the object code using peer-to-peer transmission, provided you inform other peers where the object code and Corresponding Source of the work are being offered to the general public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded from the Corresponding Source as a System Library, need not be included in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any tangible personal property which is normally used for personal, family, or household purposes, or (2) anything designed or sold for incorporation into a dwelling. In determining whether a product is a consumer product, doubtful cases shall be resolved in favor of coverage. For a particular product received by a particular user, “normally used” refers to a typical or common use of that class of product, regardless of the status of the particular user or of the way in which the particular user actually uses, or expects or is expected to use, the product. A product is a consumer product regardless of whether the product has substantial commercial, industrial or non-consumer uses, unless such uses represent the only significant mode of use of the product.

“Installation Information” for a User Product means any methods, procedures, authorization keys, or other information required to install and execute modified versions of a covered work in that User Product from a modified version of its Corresponding Source. The information must suffice to ensure that the continued functioning of the modified object code is in no case prevented or interfered with solely because modification has been made.

If you convey an object code work under this section in, or with, or specifically for use in, a User Product, and the conveying occurs as part of a transaction in which the right of possession and use of the User Product is transferred to the recipient in perpetuity or for a fixed term (regardless of how the transaction is characterized), the Corresponding Source conveyed under this section must be accompanied by the Installation Information. But this requirement does not apply if neither you nor any third party retains the ability to install modified object code on the User Product (for example, the work has been installed in ROM).

The requirement to provide Installation Information does not include a requirement to continue to provide support service, warranty, or updates for a work that has been modified or installed by the recipient, or for the User Product in which it has been modified or installed. Access to a network may be denied when the modification itself materially and adversely affects the operation of the network or violates the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information provided, in accord with this section must be in a format that is publicly documented (and with an implementation available to the public in source code form), and must require no special password or key for unpacking, reading or copying.
7. Additional Terms.

“Additional permissions” are terms that supplement the terms of this License by making exceptions from one or more of its conditions. Additional permissions that are applicable to the entire Program shall be treated as though they were included in this License, to the extent that they are valid under applicable law. If additional permissions apply only to part of the Program, that part may be used separately under those permissions, but the entire Program remains governed by this License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option remove any additional permissions from that copy, or from any part of it. (Additional permissions may be written to require their own removal in certain cases when you modify the work.) You may place additional permissions on material, added by you to a covered work, for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you add to a covered work, you may (if authorized by the copyright holders of that material) supplement the terms of this License with terms:

    * a) Disclaiming warranty or limiting liability differently from the terms of sections 15 and 16 of this License; or
    * b) Requiring preservation of specified reasonable legal notices or author attributions in that material or in the Appropriate Legal Notices displayed by works containing it; or
    * c) Prohibiting misrepresentation of the origin of that material, or requiring that modified versions of such material be marked in reasonable ways as different from the original version; or
    * d) Limiting the use for publicity purposes of names of licensors or authors of the material; or
    * e) Declining to grant rights under trademark law for use of some trade names, trademarks, or service marks; or
    * f) Requiring indemnification of licensors and authors of that material by anyone who conveys the material (or modified versions of it) with contractual assumptions of liability to the recipient, for any liability that these contractual assumptions directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restrictions” within the meaning of section 10. If the Program as you received it, or any part of it, contains a notice stating that it is governed by this License along with a term that is a further restriction, you may remove that term. If a license document contains a further restriction but permits relicensing or conveying under this License, you may add to a covered work material governed by the terms of that license document, provided that the further restriction does not survive such relicensing or conveying.

If you add terms to a covered work in accord with this section, you must place, in the relevant source files, a statement of the additional terms that apply to those files, or a notice indicating where to find the applicable terms.

Additional terms, permissive or non-permissive, may be stated in the form of a separately written license, or stated as exceptions; the above requirements apply either way.
8. Termination.

You may not propagate or modify a covered work except as expressly provided under this License. Any attempt otherwise to propagate or modify it is void, and will automatically terminate your rights under this License (including any patent licenses granted under the third paragraph of section 11).

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, you do not qualify to receive new licenses for the same material under section 10.
9. Acceptance Not Required for Having Copies.

You are not required to accept this License in order to receive or run a copy of the Program. Ancillary propagation of a covered work occurring solely as a consequence of using peer-to-peer transmission to receive a copy likewise does not require acceptance. However, nothing other than this License grants you permission to propagate or modify any covered work. These actions infringe copyright if you do not accept this License. Therefore, by modifying or propagating a covered work, you indicate your acceptance of this License to do so.
10. Automatic Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically receives a license from the original licensors, to run, modify and propagate that work, subject to this License. You are not responsible for enforcing compliance by third parties with this License.

An “entity transaction” is a transaction transferring control of an organization, or substantially all assets of one, or subdividing an organization, or merging organizations. If propagation of a covered work results from an entity transaction, each party to that transaction who receives a copy of the work also receives whatever licenses to the work the party's predecessor in interest had or could give under the previous paragraph, plus a right to possession of the Corresponding Source of the work from the predecessor in interest, if the predecessor has it or can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the rights granted or affirmed under this License. For example, you may not impose a license fee, royalty, or other charge for exercise of rights granted under this License, and you may not initiate litigation (including a cross-claim or counterclaim in a lawsuit) alleging that any patent claim is infringed by making, using, selling, offering for sale, or importing the Program or any portion of it.
11. Patents.

A “contributor” is a copyright holder who authorizes use under this License of the Program or a work on which the Program is based. The work thus licensed is called the contributor's “contributor version”.

A contributor's “essential patent claims” are all patent claims owned or controlled by the contributor, whether already acquired or hereafter acquired, that would be infringed by some manner, permitted by this License, of making, using, or selling its contributor version, but do not include claims that would be infringed only as a consequence of further modification of the contributor version. For purposes of this definition, “control” includes the right to grant patent sublicenses in a manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free patent license under the contributor's essential patent claims, to make, use, sell, offer for sale, import and otherwise run, modify and propagate the contents of its contributor version.

In the following three paragraphs, a “patent license” is any express agreement or commitment, however denominated, not to enforce a patent (such as an express permission to practice a patent or covenant not to sue for patent infringement). To “grant” such a patent license to a party means to make such an agreement or commitment not to enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license, and the Corresponding Source of the work is not available for anyone to copy, free of charge and under the terms of this License, through a publicly available network server or other readily accessible means, then you must either (1) cause the Corresponding Source to be so available, or (2) arrange to deprive yourself of the benefit of the patent license for this particular work, or (3) arrange, in a manner consistent with the requirements of this License, to extend the patent license to downstream recipients. “Knowingly relying” means you have actual knowledge that, but for the patent license, your conveying the covered work in a country, or your recipient's use of the covered work in a country, would infringe one or more identifiable patents in that country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrangement, you convey, or propagate by procuring conveyance of, a covered work, and grant a patent license to some of the parties receiving the covered work authorizing them to use, propagate, modify or convey a specific copy of the covered work, then the patent license you grant is automatically extended to all recipients of the covered work and works based on it.

A patent license is “discriminatory” if it does not include within the scope of its coverage, prohibits the exercise of, or is conditioned on the non-exercise of one or more of the rights that are specifically granted under this License. You may not convey a covered work if you are a party to an arrangement with a third party that is in the business of distributing software, under which you make payment to the third party based on the extent of your activity of conveying the work, and under which the third party grants, to any of the parties who would receive the covered work from you, a discriminatory patent license (a) in connection with copies of the covered work conveyed by you (or copies made from those copies), or (b) primarily for and in connection with specific products or compilations that contain the covered work, unless you entered into that arrangement, or that patent license was granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any implied license or other defenses to infringement that may otherwise be available to you under applicable patent law.
12. No Surrender of Others' Freedom.

If conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the conditions of this License, they do not excuse you from the conditions of this License. If you cannot convey a covered work so as to satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence you may not convey it at all. For example, if you agree to terms that obligate you to collect a royalty for further conveying from those to whom you convey the Program, the only way you could satisfy both those terms and this License would be to refrain entirely from conveying the Program.
13. Use with the GNU Affero General Public License.

Notwithstanding any other provision of this License, you have permission to link or combine any covered work with a work licensed under version 3 of the GNU Affero General Public License into a single combined work, and to convey the resulting work. The terms of this License will continue to apply to the part which is the covered work, but the special requirements of the GNU Affero General Public License, section 13, concerning interaction through a network will apply to the combination as such.
14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new versions of the GNU General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies that a certain numbered version of the GNU General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that numbered version or of any later version published by the Free Software Foundation. If the Program does not specify a version number of the GNU General Public License, you may choose any version ever published by the Free Software Foundation.

If the Program specifies that a proxy can decide which future versions of the GNU General Public License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Program.

Later license versions may give you additional or different permissions. However, no additional obligations are imposed on any author or copyright holder as a result of your choosing to follow a later version.
15. Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM “AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.
16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided above cannot be given local legal effect according to their terms, reviewing courts shall apply local law that most closely approximates an absolute waiver of all civil liability in connection with the Program, unless a warranty or assumption of liability accompanies a copy of the Program in return for a fee.

END OF TERMS AND CONDITIONS
How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most effectively state the exclusion of warranty; and each file should have at least the “copyright” line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

If the program does terminal interaction, make it output a short notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate parts of the General Public License. Of course, your program's commands might be different; for a GUI interface, you would use an “about box”.

You should also get your employer (if you work as a programmer) or school, if any, to sign a “copyright disclaimer” for the program, if necessary. For more information on this, and how to apply and follow the GNU GPL, see <http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your program into proprietary programs. If your program is a subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what you want to do, use the GNU Lesser General Public License instead of this License. But first, please read <http://www.gnu.org/philosophy/why-not-lgpl.html>.
\end{multicols}

\section{GNU Free Documentation License}
\begin{multicols}{4}

Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.
0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose is instruction or reference.
1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public, that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent appearance of the work's title, preceding the beginning of the body of the text.

The "publisher" means any person or entity that distributes copies of the Document to the public.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications", "Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may have is void and has no effect on the meaning of this License.
2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices, and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute. However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.
3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a chance to provide you with an updated version of the Document.
4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

    * A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version gives permission.
    * B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this requirement.
    * C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
    * D. Preserve all the copyright notices of the Document.
    * E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
    * F. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this License, in the form shown in the Addendum below.
    * G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.
    * H. Include an unaltered copy of this License.
    * I. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.
    * J. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives permission.
    * K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and tone of each of the contributor acknowledgements and/or dedications given therein.
    * L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered part of the section titles.
    * M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.
    * N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
    * O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various parties—for example, statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply endorsement of any Modified Version.
5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions, provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements".
6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into the extracted document, and follow this License in all other respects regarding verbatim copying of that document.
7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.
8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document, and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.
9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright holder notifies you of the violation by some reasonable means, this is the first time you have received notice of violation of this License (for any work) from that copyright holder, and you cure the violation prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have received copies or rights from you under this License. If your rights have been terminated and not permanently reinstated, receipt of a copy of some or all of the same material does not give you any rights to use it.
10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any version ever published (not as a draft) by the Free Software Foundation. If the Document specifies that a proxy can decide which future versions of this License can be used, that proxy's public statement of acceptance of a version permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World Wide Web server that publishes copyrightable works and also provides prominent facilities for anybody to edit those works. A public wiki that anybody can edit is an example of such a server. A "Massive Multiauthor Collaboration" (or "MMC") contained in the site means any set of copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 license published by Creative Commons Corporation, a not-for-profit corporation with a principal place of business in San Francisco, California, as well as future copyleft versions of that license published by that same organization.

"Incorporate" means to publish or republish a Document, in whole or in part, as part of another Document.

An MMC is "eligible for relicensing" if it is licensed under this License, and if all works that were first published under this License somewhere other than this MMC, and subsequently incorporated in whole or in part into the MMC, (1) had no cover texts or invariant sections, and (2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.
ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices just after the title page:

    Copyright (C)  YEAR  YOUR NAME.
    Permission is granted to copy, distribute and/or modify this document
    under the terms of the GNU Free Documentation License, Version 1.3
    or any later version published by the Free Software Foundation;
    with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
    A copy of the license is included in the section entitled "GNU
    Free Documentation License".

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with … Texts." line with this:

    with the Invariant Sections being LIST THEIR TITLES, with the
    Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software license, such as the GNU General Public License, to permit their use in free software.
\end{multicols}

\section{GNU Lesser General Public License}
\begin{multicols}{4}


GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

This version of the GNU Lesser General Public License incorporates the terms and conditions of version 3 of the GNU General Public License, supplemented by the additional permissions listed below.
0. Additional Definitions.

As used herein, “this License” refers to version 3 of the GNU Lesser General Public License, and the “GNU GPL” refers to version 3 of the GNU General Public License.

“The Library” refers to a covered work governed by this License, other than an Application or a Combined Work as defined below.

An “Application” is any work that makes use of an interface provided by the Library, but which is not otherwise based on the Library. Defining a subclass of a class defined by the Library is deemed a mode of using an interface provided by the Library.

A “Combined Work” is a work produced by combining or linking an Application with the Library. The particular version of the Library with which the Combined Work was made is also called the “Linked Version”.

The “Minimal Corresponding Source” for a Combined Work means the Corresponding Source for the Combined Work, excluding any source code for portions of the Combined Work that, considered in isolation, are based on the Application, and not on the Linked Version.

The “Corresponding Application Code” for a Combined Work means the object code and/or source code for the Application, including any data and utility programs needed for reproducing the Combined Work from the Application, but excluding the System Libraries of the Combined Work.
1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License without being bound by section 3 of the GNU GPL.
2. Conveying Modified Versions.

If you modify a copy of the Library, and, in your modifications, a facility refers to a function or data to be supplied by an Application that uses the facility (other than as an argument passed when the facility is invoked), then you may convey a copy of the modified version:

    * a) under this License, provided that you make a good faith effort to ensure that, in the event an Application does not supply the function or data, the facility still operates, and performs whatever part of its purpose remains meaningful, or
    * b) under the GNU GPL, with none of the additional permissions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from a header file that is part of the Library. You may convey such object code under terms of your choice, provided that, if the incorporated material is not limited to numerical parameters, data structure layouts and accessors, or small macros, inline functions and templates (ten or fewer lines in length), you do both of the following:

    * a) Give prominent notice with each copy of the object code that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the object code with a copy of the GNU GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that, taken together, effectively do not restrict modification of the portions of the Library contained in the Combined Work and reverse engineering for debugging such modifications, if you also do each of the following:

    * a) Give prominent notice with each copy of the Combined Work that the Library is used in it and that the Library and its use are covered by this License.
    * b) Accompany the Combined Work with a copy of the GNU GPL and this license document.
    * c) For a Combined Work that displays copyright notices during execution, include the copyright notice for the Library among these notices, as well as a reference directing the user to the copies of the GNU GPL and this license document.
    * d) Do one of the following:
          o 0) Convey the Minimal Corresponding Source under the terms of this License, and the Corresponding Application Code in a form suitable for, and under terms that permit, the user to recombine or relink the Application with a modified version of the Linked Version to produce a modified Combined Work, in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.
          o 1) Use a suitable shared library mechanism for linking with the Library. A suitable mechanism is one that (a) uses at run time a copy of the Library already present on the user's computer system, and (b) will operate properly with a modified version of the Library that is interface-compatible with the Linked Version.
    * e) Provide Installation Information, but only if you would otherwise be required to provide such information under section 6 of the GNU GPL, and only to the extent that such information is necessary to install and execute a modified version of the Combined Work produced by recombining or relinking the Application with a modified version of the Linked Version. (If you use option 4d0, the Installation Information must accompany the Minimal Corresponding Source and Corresponding Application Code. If you use option 4d1, you must provide the Installation Information in the manner specified by section 6 of the GNU GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library side by side in a single library together with other library facilities that are not Applications and are not covered by this License, and convey such a combined library under terms of your choice, if you do both of the following:

    * a) Accompany the combined library with a copy of the same work based on the Library, uncombined with any other library facilities, conveyed under the terms of this License.
    * b) Give prominent notice with the combined library that part of it is a work based on the Library, and explaining where to find the accompanying uncombined form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new versions of the GNU Lesser General Public License from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library as you received it specifies that a certain numbered version of the GNU Lesser General Public License “or any later version” applies to it, you have the option of following the terms and conditions either of that published version or of any later version published by the Free Software Foundation. If the Library as you received it does not specify a version number of the GNU Lesser General Public License, you may choose any version of the GNU Lesser General Public License ever published by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide whether future versions of the GNU Lesser General Public License shall apply, that proxy's public statement of acceptance of any version is permanent authorization for you to choose that version for the Library.
\end{multicols}
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headers/options.tex~

% Festlegungen für minitoc
% \renewcommand{\myminitoc}{\minitoc}
% \renewcommand{\mtctitle}{Überblick}
% \setcounter{minitocdepth}{1}
% \dominitoc   % diese Zeile aktiviert das Erstellen der minitocs, sie muss vor \tableofcontents kommen

% Seitenformat
% ------------
%\KOMAoption{paper}{A5}          % zulässig: letter, legal, executive; A-, B-, C-, D-Reihen
\KOMAoption{open}{right}			% zulässig: right (jedes Kapitel beginnt rechts), left, any
\KOMAoption{numbers}{auto}
% Satzspiegel jetzt neu berechnen, damit er bei Kopf- und Fußzeilen beachtet wird
\KOMAoptions{DIV=13}

% Kopf- und Fusszeilen
% --------------------
% Breite und Trennlinie
%\setheadwidth[-6mm]{textwithmarginpar}
%\setheadsepline[textwithmarginpar]{0.4pt}
\setheadwidth{text}
\setheadsepline[text]{0.4pt}

% Variante 1: Kopf: links Kapitel, rechts Abschnitt (ohne Nummer); Fuß: außen die Seitenzahl
\ohead{\headmark}
\renewcommand{\chaptermark}[1]{\markleft{#1}{}}
\renewcommand{\sectionmark}[1]{\markright{#1}{}}
\ofoot[\pagemark]{\pagemark}

% Variante 2: Kopf außen die Seitenzahl, Fuß nichts
%\ohead{\pagemark}
%\ofoot{}

% Standardschriften
% -----------------
%\KOMAoption{fontsize}{18pt}
\addtokomafont{disposition}{\rmfamily}
\addtokomafont{title}{\rmfamily} 
\setkomafont{pageheadfoot}{\normalfont\rmfamily\mdseries}

% vertikaler Ausgleich
% -------------------- 
% nein -> \raggedbottom
% ja   -> \flushbottom    aber ungeeignet bei Fußnoten
%\raggedbottom
\flushbottom

% Tiefe des Inhaltsverzeichnisses bestimmen
% -----------------------------------------
% -1   nur \part{}
%  0   bis \chapter{}
%  1   bis \section{}
%  2   bis \subsection{} usw.
\newcommand{\mytocdepth}{1}

% mypart - Teile des Buches und Inhaltsverzeichnis
% ------------------------------------------------
% Standard: nur im Inhaltsverzeichnis, zusätzlicher Eintrag ohne Seitenzahl
% Variante: nur im Inhaltsverzeichnis, zusätzlicher Eintrag mit Seitenzahl 
%\renewcommand{\mypart}[1]{\addcontentsline{toc}{part}{#1}}
% Variante: mit eigener Seite vor dem ersten Kapitel, mit Eintrag und Seitenzahl im Inhaltsverzeichnis
\renewcommand{\mypart}[1]{\part{#1}}


% maketitle
% -----------------------------------------------
% Bestandteile des Innentitels
%\title{Einführung in SQL}
%\author{Jürgen Thomas}
%\subtitle{Datenbanken bearbeiten}
\date{}
% Bestandteile von Impressum und CR
% Bestandteile von Impressum und CR

\uppertitleback{
%Detaillierte Daten zu dieser Publikation sind bei Wikibooks zu erhalten:\newline{} \url{http://de.wikibooks.org/}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet  zu erhalten: \newline{}\url{https://portal.d-nb.de/opac.htm?method=showSearchForm#top}
%Diese Publikation ist bei der Deutschen Nationalbibliothek registriert. Detaillierte Daten sind im Internet unter der Katalog-Nr. 1008575860 zu erhalten: \newline{}\url{http://d-nb.info/1008575860}

%Namen von Programmen und Produkten sowie sonstige Angaben sind häufig geschützt. Da es auch freie Bezeichnungen gibt, wird das Symbol \textregistered{} nicht verwendet.

%Erstellt am 
\today{}
}

\lowertitleback{
{\footnotesize
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} compiler with all necessary packages and fonts needed to compile the \LaTeX{} source included in this PDF file. Click on the Icon below to save the attached latex source. \attachfile{source.7z.txt}

}}


\renewcommand{\mysubtitle}[1]{}
\renewcommand{\mymaintitle}[1]{}
\renewcommand{\myauthor}[1]{}

\newenvironment{myshaded}{%
  \def\FrameCommand{ \hskip-2pt \fboxsep=\FrameSep \colorbox{shadecolor}}%
  \MakeFramed {\advance\hsize-\width \FrameRestore}}%
 {\endMakeFramed}








headers/packages1.tex~

% Standard für Formatierung
%\usepackage[utf8]{inputenc} % use \usepackage[utf8]{inputenc} for tex4ht
\usepackage[usenames]{color}
\usepackage{textcomp} 
\usepackage{alltt} 
\usepackage{syntax}
\usepackage{parskip} 
\usepackage[normalem]{ulem}
\usepackage[pdftex,unicode=true]{hyperref}
\usepackage{tocstyle}
\usepackage[defblank]{paralist}
\usepackage{trace}
%\usepackage{bigstrut}
% Minitoc
%\usepackage{minitoc}

% Keystroke
\usepackage{keystroke}
\usepackage{supertabular}

\usepackage{wrapfig}
%\newcommand{\bigs}{\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut\bigstrut{}}







headers/packages2.tex~

% für Zeichensätze


%replacemnt for pslatex
\usepackage{mathptmx}
\usepackage[scaled=.92]{helvet}
\usepackage{courier}


\usepackage[T1]{fontenc} % disable this line for tex4ht

% für Tabellen
\usepackage{multirow}
\usepackage{multicol}
\usepackage{array,ragged2e}
\usepackage{longtable}

% für Kopf- und Fußzeilen, Fußnoten
\usepackage{scrpage2}
\usepackage{footnote}

% für Rahmen
\usepackage{verbatim}
\usepackage{framed}
\usepackage{mdframed}
\usepackage{listings}
\usepackage{lineno}

% für Symbole
\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsfonts}

\usepackage{pifont}
\usepackage{marvosym}
\let\Cross\undefined 
\usepackage{fourier-orns}  % disable this line for tex4ht   % für weitere Logos, z.B. \danger

% für Grafik-Einbindung
\usepackage[pdftex]{graphicx}
\usepackage{wasysym}
\let\Square\undefined 

% unklare Verwendung
\usepackage{bbm}
\usepackage{skull}

%arabtex
\usepackage[T1]{tipa}  % disable this line for tex4ht

\usepackage{fancyvrb}
\usepackage{bbding} 
\usepackage{textcomp}
\usepackage[table]{xcolor}
\usepackage{microtype}
\usepackage{lscape}
\usepackage{amsthm}







headers/templates.tex~

\newcommand{\wbtempcolora}{white}
\newcommand{\wbtempcolorb}{white}
\newcommand{\wbtempcolorc}{white}
\newcommand{\wbtemptexta}{}
\newcommand{\wbtemptextb}{}
\newcommand{\wbtemptextc}{}
\newlength{\wbtemplengtha}
\setlength{\wbtemplengtha}{0pt}
\newlength{\wbtemplengthb}
\setlength{\wbtemplengthb}{0pt}
\newlength{\wbtemplengthc}
\setlength{\wbtemplengthc}{0pt}
\newlength{\wbtemplengthd}
\setlength{\wbtemplengthd}{0pt}
\newlength{\wbtemplengthe}
\setlength{\wbtemplengthe}{0pt}
\newcount\wbtempcounta
\wbtempcounta=0
\newcount\wbtempcountb
\wbtempcountb=0
\newcount\wbtempcountc
\wbtempcountc=0

\newcommand{\CPPAuthorsTemplate}[4]{
\LaTeXZeroBoxTemplate{
The following people are authors to this book:

#3

You can verify who has contributed to this book by examining the history logs at Wikibooks (http://en.wikibooks.org/).

Acknowledgment is given for using some contents from other works like #1, as from the authors #2.

The above authors release their work under the following license:

This work is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license. In short: you are free to share and to make derivatives of this work under the conditions that you appropriately attribute it, and that you only distribute it under the same, similar or a compatible license. Any of the above conditions can be waived if you get permission from the copyright holder.
Unless otherwise noted, #4 used in this book have their own copyright, may use different licenses than the one used here, and were not created by the above authors. The authors, contributors, and licenses used should be acknowledged separately.}
}


\newcommand{\tlTemplate}[1]{{\{\{{\ttfamily #1}\}\}}}

\newcommand{\matrixdimTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
{\bfseries Matrix Dimensions: }\\
A: $p \times p$ \\
B:  $p \times q$\\
C:  $r \times p$\\
D:  $r \times q$\\
\end{myshaded}
}

\newcommand{\matlabTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This operation can be performed using this MATLAB command:
{\ttfamily #1}
\end{myshaded}}

\newcommand{\PrintUnitPage}[3]{\pagebreak
\begin{flushleft}
{\bfseries \Large #1}
\end{flushleft}

\begin{longtable}{>{\RaggedRight}p{0.5\linewidth}>{\RaggedRight}p{0.5\linewidth}}
& #2
\end{longtable}}

\newcommand{\LaTeXCodeTipTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
#1 \\
#2 \\
#3
\end{myshaded}
}

\newcommand{\DisassemblySyntax}[1]{

\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
This code example uses #1 Syntax
\end{myshaded}}


\newcommand{\LaTeXDeutschTemplate}[1]{ {\bfseries deutsch:} #1 }



\newcommand{\LaTeXNullTemplate}[1]{}
\newcommand{\LatexSymbol}[1]{\LaTeX}

\newcommand{\LaTeXDoubleBoxTemplate}[2]{

\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}
\end{minipage}

}


\newcommand{\LaTeXSimpleBoxTemplate}[2]{
{\bfseries #1} \\
#2
}

\newcommand{\SolutionBoxTemplate}[2]{
#2
}


\newcommand{\LaTeXDoubleBoxOpenTemplate}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #1} \\
#2
\end{myshaded}

}


\newcommand{\LaTeXLatinExcerciseTemplate}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries Excercise: #1} \\
#2 \\
{\bfseries Solution}
#3
\end{myshaded}

}


\newcommand{\LaTeXShadedColorBoxTemplate}[2]{
{\linewidth}#1\begin{myshaded}
#2
\end{myshaded}
}


\newcommand{\LaTeXZeroBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
\end{minipage}
}

\newcommand{\LaTeXZeroBoxOpenTemplate}[1]{
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}
#1
\end{myshaded}
}

\newcommand{\PDFLink}[1]{
\textbf{PDF} #1
}

\newcommand{\SonnensystemFakten}[3]{
#1 \\
\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\bfseries #2}  \\
#3 \\
\end{myshaded}
}


\newcommand{\VorlageReferenzenEintrag}[3]{
\begin{longtable}{p{0.2\linewidth}p{0.6\linewidth}}

{[\bfseries #1]} & {\itshape #2} #3 \\
\end{longtable}

}

\newcommand{\MBOX}[3]{\definecolor{shadecolor}{gray}{0.9}
\begin{myshaded}
\begin{longtable}{p{0.2\linewidth}p{0.8\linewidth}}
#1 & #2 \\
\end{longtable}
\end{myshaded}}



\newcommand{\LaTeXIdentityTemplate}[1]{#1
}

\newcommand{\TychoBrahe}[1]{Tycho Brahe}

\newcommand{\LaTeXPlainBoxTemplate}[1]{
\begin{minipage}{\linewidth}\definecolor{shadecolor}{gray}{0.9}\begin{myshaded} 
#1
\end{myshaded}
\end{minipage}
}


\newcommand{\Hinweis}[1]{
\begin{TemplateInfo}{{\Huge \textcircled{\LARGE !}}}{Hinweis}
#1
\end{TemplateInfo}}



\newcommand{\LaTexInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}}

\newcommand{\EqnTemplate}[1]{
\begin{flushright}
\textbf{[#1]}
\end{flushright}}

\newcommand{\RefTemplate}[1]{[#1]}


\newcommand{\LaTeXGCCTakeTemplate}[1]{
\LaTeXDoubleBoxTemplate{Take home:}{#1}
}

\newcommand{\LaTeXEditorNote}[1]{\LaTeXDoubleBoxTemplate{Editor's note}{#1}}

\newcommand{\BNPForVersion}[1]{
\LaTeXInfoTemplateOne{Applicable Blender version: #1}
}

\newcommand{\LaTeXInfoTemplateOne}[1]{
\begin{TemplateInfo}{\Info}{Information}
#1
\end{TemplateInfo}
}


\newcommand{\LaTexHelpFulHintTemplate}[1]{
\LaTeXDoubleBoxTemplate{Helpful Hint:}{#1}
}

\newcommand{\MyLaTeXTemplate}[3]{
\LaTeXDoubleBoxTemplate{MyLaTeXTemplate1:}{#1 \\ #2 \\ #3}
}

\newcommand{\TemplatePreformat}[1]{
\par
\begin{scriptsize}
%\setlength{\baselineskip}{0.9\baselineskip}
\ttfamily
#1
\par
\end{scriptsize}
}

\newcommand{\TemplateSpaceIndent}[1]{
\begin{scriptsize}
\begin{framed}
\ttfamily
#1
\end{framed}
\end{scriptsize}
}

\newcommand{\GenericColorBox}[2]
{
\newline
\begin{tabular}[t]{p{0.6cm}p{4cm}}
#1&#2\\  
\end{tabular}
}

\newcommand{\legendNamedColorBox}[2]
{
  \GenericColorBox{
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{#1}{
          \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}

\newcommand{\legendColorBox}[2]
{
  \GenericColorBox{
    \definecolor{tempColor}{rgb}{#1}
    \parbox[t]{0.5\linewidth}{
      \textsuperscript{
        \fcolorbox{black}{tempColor}{
           \Huge{\,\,}
        }
      }
    }
  }{
    #2
  } 
}



%\newcommand{\ubung} {{\LARGE $\triangleright$}}
\newcommand{\ubung}{\ding{228} \textbf{Aufgabe:}\,}

\newcommand{\TemplateSource}[1]
{
%\begin{TemplateCodeInside}{}{\baselineskip}{\baselineskip}{}{}{true}
\begin{scriptsize}
\begin{myshaded}\ttfamily
#1
\end{myshaded}
\end{scriptsize}
%\end{TemplateCodeInside}
}


\newenvironment{TemplateInfo}[2]
% no more parameters
%****************************************************
% Template Info
% Kasten mit Logo, Titelzeile, Text
% kann für folgende Wiki-Vorlagen benutzt werden:
%          Vorlage:merke, Vorlage:Achtung u.ä.
%
% #1 Logo  (optional) default: \Info
% #2 Titel (optional) default: Information; könnte theoretisch auch leer sein,
%                     das ist aber wegen des Logos nicht sinnvoll
%****************************************************
{
% Definition des Kastens mit Standardwerten
% u.U. ist linewidth=1pt erorderlich
\begin{mdframed}[ skipabove=\baselineskip, skipbelow=\baselineskip,
linewidth=1pt,
innertopmargin=0, innerbottommargin=0 ]
% linksbündig ist besser, weil es in der Regel wenige Zeilen sind, die teilweise kurz sind
\begin{flushleft}
% Überschrift größer darstellen
\begin{Large}
% #1 wird als Logo verwendet, Vorgabe ist \Info aus marvosym
%    für andere Logos muss ggf. das Package eingebunden werden
%    das Logo kann auch mit einer Größe verbunden werden, z.B. \LARGE\danger als #1
{#1 } \
% #2 wird als Titelzeile verwendet, Vorgabe ist 'Information'
{\bfseries #2}
\medskip \end{Large} \\
} % Ende der begin-Anweisungen, es folgenden die end-Anweisungen
{ \end{flushleft}\end{mdframed} }


\newcommand{\TemplateHeaderExercise}[3]
% no more parameters
%****************************************************
% Template Header Exercise
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
% ist gedacht für folgende Wiki-Vorlage:
%          Vorlage:Übung4
% kann genauso für den Aufgaben-Teil folgender Vorlagen verwendet werden:
%          Vorlage:Übung    (wird zz. nur einmal benutzt)
%          Vorlage:Übung2   (wird zz. gar nicht benutzt)
%          Vorlage:Übung3   (wird zz. in 2 Büchern häufig benutzt)
%          C++-Programmierung/ Vorlage:Aufgabe  (wird zz. nur selten benutzt,
%                            ist in LatexRenderer.hs schon erledigt)
%
% #1 Text   (optional) 'Aufgabe' oder 'Übung', kann auch leer sein
% #2 Nummer (Pflicht)  könnte theoretisch auch leer sein, aber dann sieht die Zeile
%                      seltsam aus; oder die if-Abfragen wären unnötig komplex
% #3 Titel  (optional) Inhaltsangabe der Aufgabe, kann auch leer sein
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}
 
\newcommand{\TemplateHeaderSolution}[3]
% no more parameters
%****************************************************
% Template Header Solution
% Rahmen als minisec mit Nummer der Aufgabe und Titel und grauem Hintergrund
%
% ist gedacht für den Lösungen-Teil der Vorlagen und wird genauso
% verwendet wie \TemplateHeaderExercise
%****************************************************
{
\minisec{\normalfont \fcolorbox{black}{shadecolor}{\large \, Lösung zu #1 #2 \ifx{#3}{}{}\else{-- #3}\fi \,} \medskip }
}

\newcommand{\TemplateUbungDrei}[4]
{
\TemplateHeaderExercise{Übung}{#1}{#2}
#3
\TemplateHeaderSolution{Übung}{#1}{#2}
#4
}

\newcommand{\Mywrapfigure}[2]
{
\begin{wrapfigure}{r}{#1\textwidth}
\begin{center}
#2
\end{center}
\end{wrapfigure}
}



\newcommand{\Mymakebox}[2]
{
\begin{minipage}{#1\textwidth}
#2
\end{minipage}
}

\newcommand{\MyBlau}[1]{
\textcolor{darkblue}{#1}
} 
\newcommand{\MyRot}[1]{
\textcolor{red}{#1}
} 
\newcommand{\MyGrun}[1]{
\textcolor{mydarkgreen}{#1}
} 
\newcommand{\MyBg}[2]{
\fcolorbox{#1}{#1}{#2} 
} 

\newcommand{\BNPModule}[1]{
the "#1" module
} 


\newcommand{\LaTeXMerkeZweiTemplate}[1]{\LaTeXDoubleBoxTemplate{Merke}{#1}}

\newcommand{\LaTeXDefinitionTemplate}[1]{\LaTeXDoubleBoxTemplate{Definition}{#1}}

\newcommand{\LaTeXAnorganischeChemieFuerSchuelerVorlageMerksatzTemplate}[1]{\LaTeXDoubleBoxTemplate{Merksatz}{#1}}

\newcommand{\LaTeXTextTemplate}[1]{\LaTeXDoubleBoxTemplate{}{#1}}

\newcommand{\LaTeXExampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXexampleTemplate}[1]{\LaTeXDoubleBoxTemplate{Example:}{#1}}

\newcommand{\LaTeXPTPBoxTemplate}[1]{\LaTeXDoubleBoxTemplate{Points to ponder:}{#1}}

\newcommand{\LaTeXNOTETemplate}[2]{\LaTeXDoubleBoxTemplate{Note:}{#1 #2}}

\newcommand{\LaTeXNotizTemplate}[1]{\LaTeXDoubleBoxTemplate{Notiz:}{#1}}

\newcommand{\LaTeXbodynoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXcquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXCquoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Quote:}{#1}}

\newcommand{\LaTeXSideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXsideNoteTemplate}[1]{\LaTeXDoubleBoxTemplate{Note:}{#1}}

\newcommand{\LaTeXExercisesTemplate}[1]{\LaTeXDoubleBoxTemplate{Exercises:}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageTippTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}

\newcommand{\LaTeXTipTemplate}[1]{\LaTeXDoubleBoxTemplate{Tip}{#1}}
\newcommand{\LaTeXUnknownTemplate}[1]{unknown}

\newcommand{\LaTeXCppProgrammierungVorlageHinweisTemplate}[1]{\LaTeXDoubleBoxTemplate{Hinweis}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageSpaeterImBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Thema wird später näher erläutert...}{#1}}

\newcommand{\SGreen}[1]{This page uses material from Dr. Sheldon Green's Hypertext Help with LaTeX.}
\newcommand{\ARoberts}[1]{This page uses material from Andy Roberts' Getting to grips with LaTeX with permission from the author.}

\newcommand{\LaTeXCppProgrammierungVorlageAnderesBuchTemplate}[1]{\LaTeXDoubleBoxTemplate{Buchempfehlung}{#1}}

\newcommand{\LaTeXCppProgrammierungVorlageNichtNaeherBeschriebenTemplate}[1]{\LaTeXDoubleBoxTemplate{Nicht Thema dieses Buches...}{#1}}

\newcommand{\LaTeXPythonUnterLinuxVorlagenVorlageDetailsTemplate}[1]{\LaTeXDoubleBoxTemplate{Details}{#1}}

\newcommand{\LaTeXChapterTemplate}[1]{\chapter{#1}
\myminitoc
}

\newcommand{\Sample}[2]{
\begin{longtable}{|p{\linewidth}|}
\hline
#1 \\ \hline
#2 \\ \hline
\end{longtable}
}

\newcommand{\Syntax}[1]{
\LaTeXDoubleBoxTemplate{Syntax}{#1}}


\newcommand{\LaTeXTT}[1]{{\ttfamily #1}}
\newcommand{\LaTeXBF}[1]{{\bfseries #1}}
\newcommand{\LaTeXCenter}[1]{
\begin{center}
#1
\end{center}}


\newcommand{\BNPManual}[2]{The Blender Manual page on #1 at \url{http://wiki.blender.org/index.php/Doc:Manual/#1}}
\newcommand{\BNPWeb}[2]{#1 at \url{#2}}

\newcommand{\Noframecenter}[2]{
\begin{tablular}{p{\linewidth}}
#2\\ 
#1 
\end{tabluar}
}


\newcommand{\LaTeXTTUlineTemplate}[1]{{\ttfamily \uline{#1}}
}



\newcommand{\PythonUnterLinuxDenulltails}[1]{
\begin{tabular}{|p{\linewidth}|}\hline
\textbf{Denulltails} \\ \hline
#1 \\ \hline 
\end{tabular}}

\newcommand{\GNURTip}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
\textbf{Tip} \\ \hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlUebung}[1]{
\begin{longtable}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{longtable}}

\newcommand{\PerlNotiz}[1]{
\begin{table}{|p{\linewidth}|}\hline
#1 \\ \hline 
\end{table}}

\newcommand{\ACFSZusatz}[1]{\textbf{ Zusatzinformation }}
\newcommand{\ACFSVorlageB}[1]{\textbf{ Beobachtung }}
\newcommand{\ACFSVorlageV}[1]{\textbf{ Versuchsbeschreibung }}
\newcommand{\TemplateHeaderSolutionUebung}[2]{\TemplateHeaderSolution{Übung}{#1}{#2}}
\newcommand{\TemplateHeaderExerciseUebung}[2]{\TemplateHeaderExercise{Übung}{#1}{#2}}

\newcommand{\ChemTemplate}[9]{\texttt{     
#1#2#3#4#5#6#7#8#9}}


\newcommand{\WaningTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warning}
#1
\end{TemplateInfo}}


\newcommand{\WarnungTemplate}[1]{     
\begin{TemplateInfo}{\danger}{Warnung}
#1
\end{TemplateInfo}}


\newcommand{\BlenderAlignedToViewIssue}[1]{     
\begin{TemplateInfo}{\danger}{Blender3d Aligned to view issue}
This tutorial relies on objects being created so that they are aligned to the view that you’re looking through. Versions 2.48 and above have changed the way this works. Visit Aligned (\url{http://en.wikibooks.org/wiki/Blender_3D:_Noob_to_Pro/Aligned_to_view_issue}) to view issue to understand the settings that need to be changed.
\end{TemplateInfo}}


\newcommand{\BlenderVersion}[1]{     
{\itshape Diese Seite bezieht sich auf }{\bfseries \quad Blender Version #1}}

\newcommand{\Literal}[1]{{\itshape #1}}

\newcommand{\JavaIllustration}[3]{
\begin{tablular}
{Figure #1: #2}
\\
#3
\end{ltablular}
}

\newcommand{\PDFLink}[1]{#1 PDF}

\newcommand{\Ja}[1]{\Checkmark {\bfseries Ja}}
\newcommand{\Nein}[1]{\XSolidBrush {\bfseries Nein}}

\newcommand{\SVGVersions}[8]{
{\scriptsize
\begin{tabular}{|p{0.45\linewidth}|p{0.13\linewidth}|}\hline
Squiggle (Batik) & #1 \\ \hline
Opera (Presto) & #2 \\ \hline
Firefox (Gecko; auch SeaMonkey, Iceape, Iceweasel etc) & #3 \\ \hline
Konqueror (KSVG) & #4 \\ \hline
Safari (Webkit) & #5 \\ \hline
Chrome (Webkit) & #6 \\ \hline
Microsoft Internet Explorer (Trident) & #7 \\ \hline
librsvg & #8 \\\hline
\end{tabular}}

}


\theoremstyle{plain}
\newtheorem{satz}{Satz}
\newtheorem{beweis}{Beweis}
\newtheorem{beispiel}{Beispiel}

\theoremstyle{definition}
\newtheorem{mydef}{Definition}

\newcommand{\NFSatz}[2]{\begin{satz}#1\end{satz}#2}

\newcommand{\NFDef}[2]{\begin{mydef}#1\end{mydef}#2}

\newcommand{\NFBeweis}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFBeispiel}[2]{\begin{beweis}#1\end{beweis}#2}

\newcommand{\NFFrage}[3]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{#1}: #2} \\
#3
\end{myshaded}

}

\newcommand{\NFFrageB}[2]{

\definecolor{shadecolor}{gray}{0.9}\begin{myshaded}{\itshape \uline{Frage}: #1} \\
#2
\end{myshaded}

}


\newcommand{\NFVertiefung}[1]{
{\bfseries Vertiefung:} \\
Der Inhalt des folgenden Abschnitts ist eine Vertiefung des Stoffes. Für die nächsten Kapitel ist es nicht notwendig, dass du dieses Kapitel gelesen hast.

}
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