














THP
ELEMENTS OF CHEMISTRY,

FAMILIARLY EXPLAINED

AND PRACTICALYLY ILLUSTRATED

ATTRACTION—HEAT—LIGHT—ELECTRICITY.

** A knowledge of the principles of & ience mhke , men more skilful, expert,
rnd-nsaul in the particular kinds of work v which they arc to earn their bread,
and ch they are to make it go far «id taste well, when ed: it aluo
gives cvery man a chance, accrd 3r to hls natural talents, of bocaming nu
impraver . the art he works at, and ¢/ cpa dincoverer in the selonces conuectrd
w that” N

LONDON:
%JOHN MURRAY, ALBEMARLE STREET.

MDCCCXL.

te



TONDON:

BRINTED BY WILLIAM CLLOWES,
Stamford Starcé

- 2



CONTENTS.

Page
INTRODUCTION . . . . . . ix

CHAPTER 1.

Or Tur Opsecrs o¥ CuEMisTRY, AND O¥ THE GENERAL
Rest 175 0¥ ATTR..CTION UPON TiE VARIOUS Forms ow
Marrer. .

§ 1. Or the general objects of Chemical S-ience . 1
2. Influence of Att-action upon the mechanical

forms of £ubstances . . . . 8
3. Influence of Attraction upon the chemical com-
position of Substances . . . . 22

CHAPTER II.
Hear—17s E¢rEcTs anp Sources.

$ 1. Of Expansic in ge’;wra‘ . . . . 34
2. Offghe Expansion of Solids e . .36
3. Esperiments shewing the expansipn of Liquids

—Anomaly in regard to W*ﬂunents
and their effects . . K, . 42
4. Expausion of aériform Bodies—Currents in the
Air—Theory and practice of Vgatilation . 49
1

b Of the construction and uses of "Phermometers
and Pyrometers, and of the Scales applied -+
to them . B . . « 5



10.
11.

12,
13.
14,
15,
16.
17.
18.
19.

§ 1L

N

.ONBENTS.

- - P
Of the relatidn of}ire Temperatute of Bodies to =~

the qua.ﬂhty of leat cutained in them . 62
Solids, qumds' and (xages, (.:nsulered as con-
ductors of Heat . . w < ® 66
Of the comhctmg'l’owors of qumds . . 69
Of the Gonduchng‘l"owus of Airin reg'ml to
Heat® . . 72
Remarks®on the rdahvc condmﬂ:‘mg Powers of
Bodies . . N PP . 73
Of the Effects of Ieat in changing the forms
of Bodies . . . . 7
Of the Steam Lngme . . . . log
Of radiant Matter . . . 112
Of the chemical Effects of rndu{nt M .Ltler . 114
Of the heating Kffects of radiant Matter . 17z
Of Terrestrial Radiation . . . 118
Of the Effects of Radiation 1 Nature . . 134
Of Phosphorescence . * . . . s 138
Of Ignition and Combustien . . . WS
CHAPTER II¥
% .
ELE(.TRIC!T!;—-ITS .Sm.m'us AND Errects.
Of Electrical ,&citntion—A?traclion and ‘re-
pulsion 4 . . - . . 161
Of Elecislogd- Cortductors and Nonconductors . 167
Of Inducgd Electricity . . . . 169
Of Electroscopes and Electrometers .. . 173
Of Klectrieal Machines . . . . 179
Yurther Illustrations of Klectrical Attraction, 186
»

Repulsivn, and Inducnon . . .



CONTENTS

vii

Page
§ 7. Of the Dissip. tion and Recej ion of Electnclty

by Points .

8. Of Induction tnrougu Gla.ss—-(.oustructlon of
the Leyden Jar . . . . .

9. Of the Electrophorus . . . v
106. Of Galvanism or Joltaic Elc.tricity . .
11. Of the Chemical Effects of Electricity . .
12. Of the Identity of {he diffe ent forms of Elec-

tricity . . . . . . .
13. Of the Source of the Electricity of the Voltaic
Apparatus . . . . . .

14, The Theory of Natural Phenomena as con-
nected with Electricity . . .

15. Of Animal ElecCtricity . . . . .
16. Of the Connexion of Electricity with Magnetism

.

INpEx . . . . N . .

b2

192
203
207
235
258
263
268

293
298

305






INTRODUGTION.

Tue Author has often been requested to furnish
the young Chemist and gencral reader with some
assistance to his studics, less learned and ela-
borate than the usual systematic works, and at the
same time more ‘letailed, conneeted, and explicit
than the ¢ Conversations’ and ¢ Catechisms.’

The present volume is a sample of such an
attempt, and will be followed by others, containing
the more practical and ordinary details of the
chemical laboratory, arAl concluding with a general
history of the rise and progress of the science.
1t includes an outline of the.subjects of Arrrac-
rioN, Hear, Liont, and Evrecrricrty, in which
he has e¢ndeavoured 1o avoid all prolixity of lan-
guage and the use of the less intelligible technical

, lerms.

It unfortunately happens thét the matters treated
of in this preliminary volunte, are those of which
it is most difficult to give a popular and condensed
abstract,. and they necessarily include references
to other branches of chemistry with which it is the
Author’s business to consider the reader as unac-
quainted ; but it will be ;e:]uisite, on futlure occa-
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sions, so frequently*yo refem back to the principles
here expounded, that he kas rhther hazarded the
character of perspicuity at the outset, than com-
mence *with tRosg {epartments of the scicnce,
which, althojigh more popular and intelligible than
the present, cannot possibly begecither clearly ex-
plained or distinctly Understood without constant
reference to the preliminary information and gene-
ral doctrines which are treated of in this volume,

It is obvious that the chemist can make very
little progress in any of his inqyjries, without con-
stant reference to the general doctrines and indi-
vidual laws of ArTracTION, and consequently an
outline of tRat subject forms the first chapter of
the present volume. Its {nflucnce upon the forms
and composition of bodiesés generally cxplained,
and we have endeavoured to show the manner in
which mechanical and chemical attraction affect
each other, and the links by which they are con-
nected. To the superficial obsexver it may appear
little else than mafter of idlt curiosity, to examine
into the arrangements of the particles of crys-
talline bodies; to ehumerate the different figures ’
which different substances assume ; to point out the
varieties to which they are subject ; and the cause
of their modifications ; but the fact is, that these
fpparently abstract inquiries abound in useful

" practical applications. ‘The mineralogist who has
studiederystallography, gscertains the names and
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natyre of mineral prpducts, a careful deter-
mination of their Ynechanicat forms; the chemist,
from the same gource, is enabled in many instances
to pronounce accurately upopﬁhe.confposition of
bodies, without the time ard laboure requlslte for
analysis ; he whqsc business it is to ¢ut and polish
gems, is taught, i in the same school, ‘the directions
in which those hrd and refractory bodies split
and polish, and the most economical methods of
cutting and trimming them for ornamental pur-
poses; and, transfcrnng similar knowledge to the
texture of rocks'and mountains, the varieties of
limestone are cleft asunder, and even the most in-
durated varieties of granite split into regular masses
of portable and uSeful dimensions; from it the
architect is taught the most durable arrangement
of his materials; and the sculptor, knowing the
» texture of his marble, avails himself of such in-

sormation in gmdmg lus chisel and perfecting his
* work. .
We next proceed to conslder Attraction as in-
fluencing, not the meré fotm add texture, but the
' composition of bodies; its results in such cases
are enumerated under the geperal tegm Cremicar
ATtrrACTION or AFFINITY, ald here it is the fertile
e of all those different qualities of bodies
wuch depend upon the varied arrangements of
*their component parts, o
Among the most remarkable consequences of
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chemlcal attmchom‘ we mpy advert first to, the
striking dlsslmllam)r which gelicrally subsists be-
twegn the properties of a compound and its com=
ponent .parts ;. and hence one of the greatest
sources of interest bclonging to chemical science,
and a powcrful incentive to the prosccution of ex-
perimental research. . Substances of no value in
themselves, combine to form compounds essential
to the useful or ornamental arts ; and from com-
pounds that are to all appearance useless and un-
productive, the chemist extracts valuable elements;
and all this, by his knowledge and management
of the reciprocal attractions of bodies for each
other. The s.cips are well known as a set of most
powerful and corrosive agents'; but if we dissect
them into their clements, wg find these, with few
exceplions, comparatively inert, inactive bodies,
This is remarkably the case with two of the most
useful and powerful of the class; namely, s
phuric acid, or oil of vitiigl, aid nitric acid, or
aquafortis. The ALKALIES'are much in the same
predicament; potash, doda, and ammonia, are
noted for their activity and acrimony ; yet, when
these enter ipto chemical combination with the
cids, they constitule ncutral salts, a ciass of
@ ies which, ‘compared with the activity, of theig
elements, are mild and harmless.
But the most remarkable instances of change in
the qualitics of compounds, and the most unequi-
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vocal proofs of our utter inalviity to discover them
by any other than’ purely experimental methods,
are derived frem the chemistry of the organic
creation: vegetable and anumkprdducts are con=
stituted, as far at lcast as We know; almost ex-
clusively of four gJementary bodies, jn themsclves
inert, insipid, inodoroys, and insoluble; these are
carbon or charcoal, and the three simple gascous
bodies, called hydrogen, oxygen, and nitrogen.
These, in binary, ternary, or quatcrnary combina-
tions, give risc to almost innumerable compounds,
gifted with the most opposite properties, and ap=-
parently deriving these from the mere circum-
stance of slight differences in the rela¥ive propor-
tions in which theSc four elements are united:
thus,’we recognise tham in the fragrancy of the
flower, and the fumes of putrefaction; in sugar,
'gall, and verjuicc; ip the nytritive seeds which
foPm so important a part of our food; and in those
poisonous produc'bs, of which a single grain pro-
duces death. e

Inquirics connected with these subjects form
some of the most useful and interesting objects of
chemical research; they are vbviousky connected
with+ those remarkable tranSmutatipns, or as it
Wgre, metamorphoses of matter, which are con-
tinually going on around us. The simple ingre-
dients just adverted to, "furnished by the air
and soil, give rise to the.i'x.xﬁnite variety of vege-
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table products, andkin animal bodies, the vagious
secretions, and the produets off their growth, are
derived from the same elements,»combined and
associated under $t chemico-vital influence of
assimilation and digektion.

In its applications to the ugeful arts of life,
and to the investigatibn of .ino;ganic compounds,
chemistry furnishes no less interesting applica-
tions. The tanner converts perishable skin into
permanent leather, the dyer confers durability
upon the most transient colours, and the bleacher
whitens his goods by processes purely chemical ;
and upon these, and other equally important arts,
ehemistry his not only thrown the light of ex-
planation, but also of unprovement It is a
study equally esscntial in all that relatés to
metallurgy, and the numerous branches of human
industry arising out of the infinite applications .
and uses of the mctals and their compounds; #il
here, and in other cases, it furnishes the physiciag
with the most powerfy] refuedies for the relief of
disease. "y .

There are fifiiny*who willingly admit the great”
advantages ¢ ohemmtry has conferred upon
the arte, but are clined to dispute its merits' as
an abstract and inSulated study ; and who adduge
the many useless discoveries, as they call them,
in sanction of their cdntempt. But the progress
of mmodemn chemmry; Jas, or ought to have,
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silenced all such ?bjoct:onse *Those refined and
abstruse inquiries, for ifstance,*which have led to
» the establishment of the theory of definite pro.
portionals, or, as it is often !oylled, the Aromic
Turory, and which are appafently only applicable
to the most deliate researches of,the analyst,
or to the elucidatjon of a féw points of theory,
have in fact proved of the utmost practical im-
portance ; they have opened new fields of dis~
covery; they have furnished the manufacturer
with an unequivogal test of the perfection of his
processes, teaching him to economize his products
and multiply their applications, and enabling him
surely and sausfactonly to transfer tfe rcsults of
cxpenments upon d few, grains of materials, to
the eformous acale of commercial consumption.
In chemistry, all experience teaches us that
wevery new discovery is to be,hailed as the fore-
oftner of. 1mportant consequences, however use-
less and mslgmﬁcant inits apparent origin. The
metal chrome, dlscovt!'red by .Vauquelm, is in
xtself quite unimportant, but in’its cambinations
“it furnishes the painter and®the calico-priuter
with some of their most rich and durable colours.
The substance called iodine, accjdentally de-
tgeted in the refuse of soap-lees, and at first appa-
rently a mere chemical curiosity, has proved a
+valuable and powerful metlicine in the relief of
glandular complaints ; a.qd‘ the same history at-
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taches morc or les3yto neasly pli the most paver-
ful and useful agents of technical chemistry; but
what has been said ought to be sufficient to
answersthe olfjecfidhs of those who cavil at the
unproductivness of 3cience, and many such there
are, whose rank in life and infuence in society
render their example peenliarly baneful.  The
importance of Sir I. Davy’s grand discovery
of the metals of the alkalies, has been questioned
upon such principles; but to say nothing of the
remarkable properties which those bodies exhibit,
of their importance as instruments in the hands
of the experimental chemist, of the new views
which their *discovery has suggested, and of the
subversion of enoncous theories which it has
sanctioned, it is impossiblc to say to what useful
purposes (in the most vulgar acceptation of that
term) they may not Lereafter be applied.  Exactly
the same line of argument was applicable to
Scheele’s discovery of crorINg : it was a curious
and powerful agent, but apparently useless; yet,
in process of time, it completely revolutionized the
important art of bléaching ; it has been a source of
enormous pvofit to the manufacturing chemist ;
and has more, lately proved a means of disarming
infectious and contagious diseascs of their mest
prominent horrors.

To those who still assail the votaries of science
with the question ¢ cui bono,’ we strenuously recom-
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mend the attentive perusal of J\If Herschel’s ¢ Pre-
hmmary Discourse Yon the Study of Natural Phi-
,losophy.”  The, transformations of chemistry, he
says, by which we are enabledytg canvert thie most
apparcntly useless materials into important objects
in the arts, are opening up to us every*day sources
of wealth and con%emcnce, of whiclt former ages
bad no idea, and *which have been pure gifts of]
science to man. ¢ Every department of art has felt
their influcnce, and new instances arc continually
starting forth, of the unlimited resources which this
wonderful science develops in the most sterile parts
of Nature. Not to mention the impulse which its
progress has given to a Lost of other sciences, what
strange and unexpceted results has it not brought
tc llght in its applicatién to some of the most
common objects ! Who, for instance, would have
Lconceived that linen rags were capable of pro-
ducmg more than théir own ‘Weight of sugar, by
the sunplc agenoy of oene of the cheapest and
most abundant acids *ythat dry bones could be a
magazine of nutriment; Apable of preservation
* for years, and ready to yield up their sustenance
in the form best adapted to the support of life,
on the application of that powerful agent steam,
which enters so largely into all our *processes, or
of an acid at once cheap and durable ?7—that saw-
,dust itself is susceptible of gonversion into a sub-
stance having no remote analogy to bread; and
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though certainly lows , palatgble than that of flour,
yet no way dlsagr_eeable, and Foth wholesome and
digestiblc, as well as highly nutritiye #
Such ate a few of the general pomts suggested
by the consideration of the results of chemical
affinity ; a Subject which, in the present volume,
can of coursé only be very supcrﬁmally touched
upon, since the details relating lo it are necessarily
those of chemistry at large.
The second chapter of this volume rclates to
Hear, a subject of infinite importance to the
chemist, who, indeed, was fokmerly cxclusively
considered as the ¢ philosopher by firc” The
reader’s atention is here only directed to its
general effects upon the diffes:nt forms of matter ;
it is considered as an anlagonist power to uitrac-
tion ; as tending to scparate the particles of bodies,
and so changing their states; as exciting peculiar
scnsations referable to changes of temperaturn ;
and as pervading bodics by its power of conduc=
jon, and traversing space by radiation; as cma=-
ting from the %sun, *associated with light, and
with other lighly wrefrangible rays possessed of
certain pecyliar chemical powers. The deuwils
of the cffects of hett upon individual substances,
aye afterwards to be more fully and particularly
ained, but §ts general history includes many
of popular apnlication and interest, as
g especially to the means of economizing
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fucl, of warming *our Jlabltatdoﬂs, of ventilating
pubhc buildings, and so forth. .

EvecTrigiTy js another power of matter, which
late discoverics have shown s tosbe ﬁntimatcly
connected with chemical changes; and as it will
not be necessary again often to recur bo its general
p]lcuom(,na and agencles, they are glven some=
what in detail in the third chapter. ln regard to
this subject, much difliculty is necessarily ex-
perienced by the mere chemist, in saying onough
to render its applications to chemistry perspicuous
and intelligible, without entering into a variety of
general and theoretical detalls, which, however
cssential to the clectrician, are not "so to the
chemist; we have therefore cndeavoured to be as
explicie as is requisitc ypon those points which
conneet clectrical with chemical science, omit-
ting such details as do not come within these
limeis. Uppn this principle, little is said upon that
very curious, interching, and important branch of
inquiry whick connects Lk\otncny with magnetism,
and of which only so miich’is hére admitted as
“Inay render the chemical use ofsone or two elec-
tromagnetie instruments intelligihle.

The gathor must now again emnind hie reader,
that the present volume is merely intended as an
*introduction to those which are to follow; as
qmtammq certain general doctrines and state-
ments, which are afterwards to be more explicitly
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verified and illusvrated: it is ltoped that it may
serve as a test or touchstone, by which a taste for
chemistry may be detected ; and,that, its perusal
may induce the gtident to scek for further in-
formation in those authors who are less superficial
and elementary.



CHAPTER L

OUF THE OBJECTS OF gCHEMISTRY, AND OF THE GENERAL
RESUVLTS OF ATTRACTION UPON THE VARIOUS FORMS
OF MATTER.

§ 1.—0f the General Objects of Chemical Science,

Coenistny is a branchyof science which teaches
the properties of the clementary bodics, and of
Jgheir mutual combinations. It inquires into the
pawers which affect, and into the laws which pre-
side over, their union; it cxamines the propor-
tions in which they combine, and the modes of
separating them when combined ;,and endeavours
Jto apply such knowledge to the explanation of
natural phenomena, and to usetul purposes in the
arts of life.
* The foundations of chemigg], knowledge are,
observation, experiment, and gy. By obser-
o vatlon, facts are distinctly and mhiniutely gmpressed
on the mind: by analogy, similar fac con=-
nected : by experiment, new’ facts are dii@itiered:
and in the progression of kpgwledge, obberw
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guided by analog,, Jeads to experiment ; and ana-
logy, confirmed bv cxporlmer{ ., becomes scicntific
truth. To give an instande,—Whoever will consi-
der with attention the slender green: veg-table fibres
of coferve whick,'in the snmmer, exist in almost
all streams, lal\os or pools, nnder the different
circmmstances of @had(- and sunshine, will discover
globules of air upon the filinents exposed under
water to the sun, but no aic on those that are
shaded. He will find that the effect is owing to
the presence of light.  This is an observation ;
but it gives no information respecting the nature
of the air. Let a wine-plass filled with water be
inverted over the conferva; the air will collect in
the upper part of the g.,lass, and when the glass is
filled with air, it may he closed by the hzmd, placed
in its usual position, and an, inflained taper intro-
duced into it: the taper will burn with more bril-
liancy than in the atmosyhere.  This is an ‘experi-
ment.  1f the phenomena are reasoned upon, and
the qu(-xl,i(m pnt,‘\\lnetlnu all vegetables of thig
kind, in fresh or in salt water, do not pmd e
such air under like circumstances ?—ihe i Inquirer
is guided by analogy ; and when this is deter-
mined to be the cave by new trials, a general
wmc truth is est.tb]lshed—-—nam(']y, that aJl

ervic in the sunshine produce a specics of, air
that suppots flame in a superior degrée ¥.’

To this jllustrasion it may be added, that the
pure air thus generated by aquatic pl:mts under
the influence of light, is essential to the respira=,
fion and health of fish, and other inhabitants of
the water; and thus *those animals soon become

* Davy's Elemey‘#of Chemical Philusophy.
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unhcalthy, and «lig, {n watgredestitute of living
veg@tables: hencctwe perceive that it is not only
fresh water which they require, but that certain
chemical ehanges are requisite to the centinuance
of their healthy functions, whish dre effedted by
the vegetable tribes under the agency of light.  If
we breathe the same portion of aig for a short
time only, it becdmes unfit for the ‘purpose, and
a candle will not lmm 1n it; it has become conta-
minated during respiration by a substance inju-
rious to health: if this same air be exposed to
the influence of growing plants, and of the sun’s
rays, it becomes gradually restored 1o its former
state, and a candle will burn in it, and an animal
may breathe it as before. | These instances show
that the functions of auimal and vegetable life are
dependent upon, agd connected with, chemical
changes.  Other functions of animals, such as
digestion, respiration, amd secretion, are also dis-
tinct subjects of chemical inquiry.

» But the chicf business of the Chemist is with
imwnimateor inorganic matter, and its diversified
arrangements in art and nature.  He examines it,
not, like the Natural Philosopher, with a view of
determining its magnitude® its €orm, and other
mechanical atiributes, but he eqdcnvourp to ascer-
tain its more intimate nature and properties: he
soon finds’ that the differentekinds wr forins of
matter, although apparently ®infinitely various,
may be divided into two comprehensive classes:
tht one including simple or elementary bodies,
such as the metals, &c , and the other, compounds,
*such as air, water, &e.

BY the term simple subsgnce or ELEMENT, mo-
B2 ol

-
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t
dern chemists do wot,imply, like ¢hose of old, cer-
tain imagidary principles, or sl.tpposed elements of
all matter, such as fire, air, carth, and water ; but
they give,that term generally to such substances -
as they cannot further decomposc or resolve into
simpler forms. Noxte of the metals, for instance,
have cither l.)een decomposed or composed ; nor
has sulphur, nor the diamond, nor many other
bodics which shall afterwards bre described : those,
therefore, in the present state of our knowledge,
arc called cdementary or simple substances ; not
that it is intended by those terms to imply that
they may not be decomposell at some future
period, but merely that we are yet ignorant of
their more intimate nature or composition : for
many substances once classed among the clements
have since been decomposeq : potash and soda,
magnesia and lime, for énstance, a few years ago
were placed among the simple substances; now,
we know that they are compounds, each consisting
of two simple substances ; pamely, of a metal and.
an aériform body or gas* called oxygen. .-
In examining the clementary substances in

detail, the chemist ascertains, not merely their ab-
stract properties and wses, but he particularly exa-
mines the products which they form by combining
with each other ; he determines accurately the pro-
portions incwhich 4hey unite, and the properties
and uses of the resufiting compounds. With regard
to compound bodics, these the chemist resolves
into their clements : if products of naturé, he asctr-
tains how far they can be imitated by art, and how

* This term iy generally applied in chemistry to all kinds
of air differing from compan air.
- e
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far they are suscq)ibl?of usefu]!zlpplications to the
purposes of the art# of life.
In his examination, for instance, of atmospheric
* air, the Ohemist finds that it is a mixtyre of two
kinds of air, or gases, emincnfly Uiffering from
cach other: in the onc, bodies burn with great
splendour, and produce an immense® quantity of
heat and light ; il the other, on the'contrary, all
burning bodies are imimediately and entircly cx-
tinguished ; the one, therefore, supports and the
other does not support combustion : in the former,
animals live for a longer time than they do in an
equal bulk of comymon air; in the latter, they in-
stantly die. Now it is to the duc admixture of these
two gases, in certain proportious, that the proper-
ties of the air we breathe arc to,be weferred, the
one modifying and jinfluencing the effects of the
other, The gas which supports combustion and
life, and which, thereforey has been called empyreal
or vital air, has also been shown to exist in many
«of the acids: hence, jn modegn chemical nomen-
cieturc, it, is called orygen gas, a term derived
from the Greck, and signifying producer of acid ;
the other gas, which, extinguishes flame, and
which is fatal to animals, Ras bgen named azotic
gas, or azote, a term also of Greek origin, and
implying its destructive propefties: it is also an
ingredient in aqua fortis, or mitric asid, and has
hence received the name of *nitrogen.  Atmo-
spheric air consists of four-fifths of nitrogen and
ofe-fifth of oxygen, these gases being in a state
of mixture, and their rclative proportions so ad-
“mirably adjusted as to fit the atmosphere for the
various important cnds evhich it answers, If
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oxygen, for instance, were t& predominate, our
fuel of all kinds would burn With prodigious' and
alarming rapidity’; even ‘the iron of our grates
would take firc; and all commodn cotnbustibles
would *be consumed with intensc heat and light:
the vegetable world *would also feel the change,
and plants m')uld become unhealthy or perish; and
in the animal creation, a hurried circulation and
febrile symptoms would preceﬂe dissolution. If
the opposite element, or the nitrogen, were in ex-
cess, fecble respiration, or even suflocation, would
ensue among animals; plants would languish;
and all sources of artificial heat and light would be
weakened or annihilated. W observe, therefore,
with what infinite wisdom the mixturc of these two
elements of the air is so exactly adjusted and
balanced, as precisely to ansver its intended and
ordained ends

When nitrogen and oxvgen. instcad of bemw in
a mere state of mixture, are chemically combznrd,
they give rise toea variety of important com--
pounds: amonyg thesz, as already hinted, is aqra
jbrtu. or mlru' acid, the elements of “hlch are
mtrorrcn. oxygen, and watar : into these pnnuples
it is resolva.blc, by analvsis ; and from these it may
be compounded by the synthetical operations of
nature and art.

In water ¢he Chemist discovers two elementary
bodies—ozxygen is 8ne; and the other has been
called hydrogen, that is, producer of water: hy-
drogen is, morcover, an agent of great importance
in nature and art, and js the lightest gascous body
known; lence it has been used for filling air’
balloons The propogons in which these cle-
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ments are united ingwater are as’ vight to one, so
. . 4, . o

that hine pounds off water contain cight pounds of
oxygen and ove of hydrdgen. *

o In common sult we find a highly inflammable
metal called sodinum combined pwith chlorine, a
body well known, in its gaseons state, as a power-
ful bleaching subgtance, and cminenfly destruc-
tive of infectious, tontagious, and puirid matters.
‘When these, the elemeits of salt, are united with
those of water, the chlorine, combining with the
hydrogen, forms that useful substance the mu-
rialic acid, or spirit of salt; and the sodium, with
the oxygen, gives rise 10 sode or the mincral
alkali, an article essential in the manufacture of
glass, zoap, and other products of art,

These subjects are now merely toucked upon in
illustration of some of the terms and objects of
chemistry ; in another part of these essays they
will be taken up in detai],

The leading chemical classification, then, of

«substances, is into .vimple and compound ; but in
pasuing his examination of these, the chemist
finds it nccessary also to- make himself acquainted
with the general history and effects of those powers
of matter which preside pvar and, modify chemical
changes—such, for instance, as ATTRACTION, 11EAT,
and kLEcTRICITY; and with these it iIs well to
form a preliminary acquaintance, inasmuch as there
is no operation of the laboratos; in which they are
not concerned.  Qur first object, thedefore, will be
to®acquaint the reader with such facts respecting
these attributes. of matter as concern the cliemist
‘—premising that we know nothing whatever of
their cause, and, cousequgntly, our investigations
are cxclusively limited to an cxamination of tlu‘:iv
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eflects.  If askedwvliat attracfion is, we say it is
the effeet of an unknown cduse—and the ‘same
reply is applicablé in the‘cases of heat and clee-
tricity : in regard to the latter, howeves, it is fre-
quently 1fie castow’ to talk of the matter of heat
and of the clectric fiid ; but although it is often
very conveilient to asswne, that hicat and electricity
depend upor'the pregence of sotfic highly attenuated
form of matter, it must dlways be remembered,
that the existence of such matter has not been
proved by experiment; it is merely hypothetical ;
and we arc in reality as ignorant of the cause of
the phenomena of heat and elgetricity, as of that
of gravitation or attraction.

§ 2—Influcnce of Aétraction wpon, the Mechanical Forins

. of Spbstunces. .
Artraction is cxerted af sensible and at insensible
distances*, and among the similar and dissimilar,
particles of mattet. A few words in further gx-
planation of this subject will ‘gnable us to notice
certain terms employed in cltemistry, which may
not, perhaps, be fami§jar to the reader, and to de-
seribe some of the commonest operations of the
laboratory. .

The phenomena of attraction acting at sensible
distances, Ot of gravitation, we lcave cliefly to
the niechanical philosopher; but when the same
power acts at insensible distance, it becomes Gn

* At sensible and often’ immense distance, as among the
planetary bodies: at # ible distance, as where it retains
the particles of a lump ofcMalk or marble adhering to each

w.other, {here beingz no visible ypace belween them,
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immediate objeot §ofychemica? inquiry.  Acting
upon the minute articles of matter, it influences
their form and texture, and when exerted between
dissimilawatonts it eflects their wnion oy combine-
tion, and is exclusively a subjct 8f chemrlcal re-
search. The present section will contain some
general details wpon these subjects, which will
afterwards_be more fully expfained and applied.

If we take a shapeléss lunp of alun and plunge
it into a tumbler-full of cold water, we shall observe
that in a few days the surface of that salt will be
eaten and carved out into a variety of regular forms,
somewhat as reprgesented in the annexed cut; and

if we put a drop of the solution contained in the
tumbler upon a plate of glass, we shall perccive,
, as the water slowly evapoyates, that the particles
of alum which it contained congregate into regular
forms, which, when examtrsed by a common pocket
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lens, appear as beld&v,.*md arp sgaﬂ and beautifully
formed eight-sided, figures, or betoedra. In ‘this

case the water is said to be the solvent of the alum,
and the process by which it is obtained in regular
forms or crystals, is called crystallization. In
this and similar instances, the crystals are liable to
ceriain modlfications ; thus among the little octoe-
drons, to which we have adverted, it is not uncom=
mon to find some, the hngles of which are cut
ofl, or replaced by st,cu'nda.ry surfaces ; some-
tiines the cdges too are similarly nodificd, and the
crystals assume these figures—

.
.

Truncoted * Troneated Truncated
Angles, ¢ Fdges. Ldges und Angles.

Most of the saline substances soluble in water
may be thus exhibited in a crystalline form ; add
as each substance usually assumes a distinet ﬁnrum,
or is characterized by some obvious, and, at the
same time, peculiar (properties, we are often
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enabled to pronowke yipon the éhemical nature or
composition of a body, by a careful examination
of its crystalline forms ; and such experiments are
'particularly neat and satisfactory, in copsequence
of their facility, and the small®scdle upor’ which
they may be performed: for the figures of the
smallest crystals obtained from a drop of their so-
lution, rcsemble the large ongs formed in gallons
of it; and although, in collecting specimens of
crystallized salts, it is convenient to have themn
large and perfect, the smallest ones that may be
viewed through a microscope furnish the chemist
with equally satisfyctory evidence of the nature of
the dissolved salt:—for instance, put a tea-spoonful
of commmon salt, nitre, Glauber’s salt, and Epsom
salt, into separate wine-glasses ; fill them up with
water, and occasionally stir their contents to help
the sqlution : the next day take a drop of the clear
liquor, with a glass rodyout of cach of the wine~
glasses, and place them side by side upon a strip
-of clean plate glass, which may be placed upon a
chimmey-piece, or somewhere very gently warmed.
As the water evaperates, the salts will erystallize,
and we shall observe the following figures appro-
priated to each :—the comnfon salt cxhibits cubes
—the Epsom salt, four-sided prisms—the nitre, six-
sided prisms—the Glauber’s salt, irregular six-sided
risms.

The Glauber’s salt and the #itre might possibly
at first be mistaken for each other, but, while the
lafier remains unaltered by exposure to air, the
former soon loses its transparency, and crumbles
‘down into white powder. Salts which behave thus
are said to ¢ffloresce : othar, salts, instead of thus
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L
8. Nitre. 4. Gluuber’s Salt.

spontancously parting with a portlon of their water
of crystallization, attract gnoisture from the air, or
delaqueece, as is the case with carbonate of potassa,
or, as it is commoyly called, salt of tartar: alum,
and many other salts, although they confain watar,
do not thus part with it, and af¢ permanent in the
air. But water is not necgssarily contained in all
crystals : there ig nons, far instance, in nitre ; and
such are called anhydrous salts*. Some "salts
require a_high tchperature, to deprive them of
water.  Thig is the.case with gypsum or sulphate
of lime, wlnch is commonly found in large trans-
Earmt crystals, permanent in the air; but at a red
eat they lose one-fifth their weight of water, ahd
crumble down into tlxe white powder commonly

* Anhydrous is a term den\'ed from the Greck, sngmfymw
without water,
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called plaster of l’:&i whicly is§ therefore, an an-
kydPous sulphate o: lime, ana which, when mixed
with a’ little water, again combines with it, and
sconcretes jn the act of combination—hence the
usc of this substance for forming casts or imfires-
sions, as seen in mouldings, busts, &e.

It is a curious c{rcumstance that some substances
so powerfully attrabt water, ag to retdin it even at
a red heat: hence some; who are fond of paradox,
have maintained the existence of red-hot ice ; for
the water forms part of a solid, and solid water is
ice. However, the fact is curious, as showing the
power of chemical attraction in overcoming the
“strong propensity which water at high temperaturcs
has to pass off in the state of steam.

The method of obtaining crystals by, solution in
water, and evaporation, is that commonly practised:
when a lump of salt'is thyown into the water, the
attracfion of aggregation, existing among the saline
particles is partly overcorhe by the attractive power
.of the water: in time howeve;, the water ceases
ta.exert further action, and its attraction for the
salt is counterbalayced by that of the particles of
the salt among themselves: if we diminish this
aggregation of the salihg perticlgs by the help of
heat, more of the salt will for a time be taken up
by the water, till the attractions%gain balance cach
other ; if we then drive offa partion o(ffhe water by
heat, the particles of the salt will gradually attract
each other, and solidify in the crystalline form.
DAring this evaporation, it often happens that a
film or pellicle otP;lt forms upon the surface of the
*hot liquor, indicating that thic attraction of the par-
ticles of the salt for each ather is overcoming tgleil'
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attraction for the \rafer which i)reviously held them

dissolved : in this case, if the Solution be-sct ‘aside
to cool, a large crop of crystals will ultimately be
obtained, the size and perfection of whigh is gene-
rally dependent upon the care and slowness with
which they have been suffered to form. Rapid
evaporatien, and agitation of the liquor, prevent
the production of large and beautiful crystals ; and

E| Salt, or Sulphate of
psom ek -:‘ p of e Saltpetre, or Nitrate of Potassa.
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though, upon the, aregt scale in, the arts, solutions
of salts are ofien quickly boiled dbwn to a con-
centrated state, and stired to facilitate evapora-

otion, by which #he erystals are rendered small and
imregular, vet, if we wish to pracurs théin peifect
and large, the evaporation ,should go on very
quietly, and at low temperatures : Epsom salt, for
instance, as comntonly met with, is in very small
broken and irregular crystals, owing to the haste
with which the manufacturer prepares it ; but if the
solution be very slowly cvaporated, or the water
suffered to cxhale spontancously, crystals of sin-
gular regularity and beauty may be obtained.

The preceding Wood-cuts represent crystals of
Epsom salt and nitre, in my possession, of their
natural size, and they might be procured even of
yet more gigantic dimensions,

The above are a few of the general facts con-
nected with the subject of crystallization as going
on in aqueous solutions ;* but there arc some re-

markable circumnstances aflecting the process, and
often interfering with®the perféction of its results.
One of thése is the'agency of light : puta solution
of nitre, of proper erystallizing strength, (a pound
of the salt dissolved in” foug- pints of hot water,)
into a glass basin, and 8o arrangé it that the light
may fall much more intensclyeupon one side of
tire basin than the other: it wilj then be found that
the crystals form in much the greatest abundance
upon the illuminated side, and that they arc only
sphringly deposited upon the dark side of the basin.
If we examine the bottles containing camphor,
9n the windows of druggists’ shops, we almost
always rcmark a beatl}ifltl.cry'stalline dmepasit of
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thag substance upwn the side phich receives most

light; and in iooking over the crystallizable qpre=

parations upon the shelves of a laboratory, many

similar instances will be remarked. [That light,
therdivre, favoursand affects the tendency of bodies

to assume crystalline 3rrangements, is beyond doubt;

but what it specific action is, we,know not.

There are'other causes equally recondite, which
affect crystallifation.” If a streng solution of sul-
phate of soda be left perfectly quiet, it may chance
to remain liquid ; but upon gently tapping the vessel
which contains it, it shall suddenly shoot into a
mass of crystals.  Under the same circumstances,
it will suddenly crystallize upon dropping into it.
a particle of solid matter, or a crystal of the salt.
Indeed, solid bodics introduced into crystallizing
solutions in general, aid the process ; they form
nuclei, as it were, for the reteption of the small
crystals : thus we see sticks in the centre of® erys-
tailized verdigris; and frings drawn through ihe
syrup intended tg form sugar-candy, which is,
merely sugar in its most petfect crystalline form,

Another paradoxical experipent, in’regard to
rystallization, is the following":—Fill asmall flask
with a very stropg and hot solution of Glauber’s
salt, and immediately cork it tight, or tie two or
three folds of bladder over the mouth so as effec-
tually to exglude thg ingress of air: if in this state
the flask be left perfectly quiet, it will remain for
some days, dnd its contents will show no tendency
to crystallize ; if violently shaken, crystals generdily ,
form, but it will sometimes even resist this opera-
tion: if, however, the* cork be withdrawn, or the ,
bladder punctured, so, gs suddenly to admit air,
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crystallization impddigtely c mhences upon the
surfate, and rapidly pervades ﬁxc whble. If the air
be very slowly admitted? the soltion .sometimes
wemains ligyid for a considerable time, but instantly
congeals upon shaking the flask, touchingthe
liquid with a straw or wire, orsthrowing into it the
minutest particle of any foreign matter®s

The crystallizatidn of substances ndt soluble in
water may often be beawtifully effectdd by the aid
of heat, which gives frecdom of motion to their
particles in two ways : namely, cither by liquefying
or melting them, or by converting them into vapour ;
and, as the liquid solidifies on couling, ot the vapour
on condensation, crystals of more or less regularity
are formed. To crystallize a metal in this way,
melt it in a deep iron ladle or crucible, and when
the surface cools, suddenly pierce it with an iron
wire, and quickly podr out, the liquid metal from
the intérior : when the whole has cooled, carcfully

Crystallizution of$Bigmuth,
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break the hollow ingot, apd; the cavity will be
found lined with more or less perfect crystals.
Bisnuth is the metal which succeeds best for this
cxperiment ; but tin, lead, and- antimony, also
aflored tolerably distinet crystals.

There is another way of showing the erystalline
texture of “mnetals, which, with some of them,
answers very well. It consists in washing over a
thin plate of the metal with spme acid which acts
slowly apon its surface.  If tinfuil or tin plate be
thus washed "over with a mixture of one part of
sulphuric, and one of muriatic acid, with twelve
of water, the crystallization of the tin is ofien ren-
dered beawtifully manifest: this has been applied
1o ornamental purposes, under the name of moirée
mélalliqgue, and different colours are casily given
to the reflecting surface of the metal by the appli-
cation of transparent varnishes,

When bodies are raised in vapour, and this is
again condensed into tice solid state, the process
is gencrally called swblimation, and is not uncom-
monly resorted to to obtaih such volatile wmatters
in the form of erystals. . The appearaiice of cam-
phor under such circumstances has already been
noticed.  Jodine isswnother body well calculated
for the experiment: put a little of it into a clean
Tlorence flask aml gently heat it ; it will presently
be converted intg a deep violet vapour, which,
subliming to the gold parts of the vesscl, will there
condense in-small brilliant crystals, of an octo-
edral and rhomboidal figure. There is a substance
called Naphthalin, obtaived during the distillation
of coal tar, and may vommonly be procured at gas
works : when pure, it js whitc and crystalline, and
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if heated in a largelpijal or flask, its vapour con-
geal® in large lamellar crystals of éxtreme tenuity,
crossing cach other in alf directions, and exhibiting
«a very singular wppearance.  When flakgs of spow
arc examined, they are found to be & congeffes of
crystals of ice produced by the cooling of the va-
pour of water. '

These arc the Yrincipal eans &f obtaining
bodies in the crystallineYorm, other methods being
oceasionally adopted in particular and difficult
cases, sume of which will be afterwards pointed
out. Independent of the beautiful application of
the process of crysuallization in refinetl chemistry
to determine the nature of bodies by the carcful
inspection of their forms, the manufacturer avails
himselt of it to cleanse, purify, and prepare a
number of substances uscful in the arts, the purity
of which is often judged of by the regularity and
perfection of their crystalline figures. Common
salt is thus obtained hy™the evaporation of sea
water and of brine springs, in gonsequence of its
tendency to crystallize in hot liquors, which retain
the other salts that gre present in more permanent
solution. Epsom shlt,'gr sulphate of magnesia,
is freed by crystallizatign 2#0m ,the muriate of
magnesia with which it is mixed in the residue of
sca water, after its common salt has«been taken
out: the muriate is very difficaltly crgstallizable,
and remains in what is called she mother liquor,
or residuary solution, which, on account of its

oEXC¥ssive bitter taste, is known in our salt works

under the namc of bittern. Nitre is refined, by

the facility of its crystallizatlon, for the manufac-

ture of gunpowder, and s¢ gleansed of common
G 2
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salt, and a variety of pther ipp itics, which render
it perfectly unfit for that important purpose in its
crude or native siate, as Fencrally imported from
India. These are only a very few of the purposes
to wikich the processof crystallization is applicable;;
many more will appear in the sequel.

A careful examination of the Zexfure of crystal-
line bodics uevelops some curious facts respecting
their structure and formation, which have attracted
much attention among mincralogists, 1t has long
becn known to the mechanics employed in cutting
and polishing the precious stones, that they yield
new surfaces, and split, or separate, much more
easily in onc direction than another.  This is espe=
cially remarkable in the diamond; and much of
the skill of the artists employed in shaping that
hard and beauwtiful gem for the market, consists in
their acquaintance with.its laminated texture, and
their experience as to thc direction in which the
rough crystals will adifit the formation of new
surfaces.  But a _simpler and easier illustration
of the same fact is derived from the examination
of crystals of calcarcous spgr, or carbonate of
time.  This substance presents some hundred va-
rietics of natura) crystalline forms; but if we select
any crystal, such, for instance, as the common
varicty called dok-tooth spar, and gently tap its
different sides with a small hammer, we shall find
that it yiclds, wits smgular readiness, in certain
dircctions ; that it spllts into lavers, which ma
be casily broken down into small rhomboidal f¥ag-
ments, of the annexed form.

Whatever may have been the original shape of
the erystal, mechanicad means enable us to dissect
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A .
it into the above rh!mﬂ)oidq dut these admit of no
furtfer change of form, tho small dnes being divie
sible into bl.l“. ‘nm).ller, but not intd any other figure.

A rhomboid, therefore, of definite dimension or
figure, is called the primitive form of calearcous
spar; and it has been assumed that all erystalline
substances are simjlarly divisible, each inc ludmfr a
geometrical solid of peculiar figure. The primitive
form of fuor or Derbyshire spar is a four-sided
solid or letraedron; and an eight-sided solid ox
octoedron, that of ghe diamond. But it is not
diflicy)t to conceive that these primitive forms may
themselves be produced Ly certain arrangements
of spherical or globulas particles: thus, four balls,

thus arranged, give the elemert of the tetraedral

form; and six, arranged thus,, .
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that of the octredror, and #b bn:  Tnstead, there=
fore, of avsuming several distinet geometrical solids
as primitive form$, we may refer to the sphere, or
spheroid. as the source of all, and as-ume it as
the Agure of the ultimate mechanical particles of
matter, .

§ 3e—Influence of Attraction upon the Chemical Contposition
of Substunces.

The preceding paragraphs comprise an outline
of the most important details, respecting the in-
fluence of attraction upon the forms of mater, as
far as that very extensive subject bears upon the
inquiries of the chemist.  We are now to proceed
to a more exclugive subject of chemical investiga-
tion, and to state in general terms some of the
principal results arising out of the influence of at-
traction upon the composi‘ion of matter. In the
former case, attraction is said to act upon the
homogencous or similar particles of matter: in
the latter, it operates upon heterogeneous or dissi-
milar particles, and is more comménly called
Cuesican, ATTrActToN or AFFINIFY.

The most remarkable result of chemical aitrac-
tion is the produdtion of forms of matler possessed
of propertes entirely distinet from those of their
component parts, so that it is inpossible to antici-
pate, from our knowledge of the characters of the
latter, those which are to belong to the resulting -
compound : hence chemistry is essentiaily a science
of experiment. Oil"of vitriol, for instance, ok
sulphuric acid, is a kighly acrid and corrosive



v
. EFFECTS OF CHEMICAL ACTION.  §f§23

liquid, but it is comphed of gastelegs and compa-
ratively inert elements, namely, ofvgen, sulphur,
and water.  The clemenls, oxygep and nitrogen,

Ywlhi- Iy, in agstate’of mechanical miciure, gonstitute
theair we breathe, give rise, as alfcady stated A¥hen
chemically combined, to ones of the most active
agents of the laboratory; namely, Ritric acid.
Again, if sulpliuricor nitric acjds be cdmbined: with
caustic potassa, comparafively inild and inert ncutral
silts result, namely, the sulphate and the nitrate
of potassa, in which none of the propertics of the
component acid and alkali can be recognized.  In
art, these remarkaple changes arc nfde subser-
vient 1o the most important purposes. A variety
of extremely useful compounds are obtained by the
union of clements comparatively uscless and unim-
portant ; and by the,decomposition of apparcntly
msignjficant compounds, gheir more useful and
important clements or _components are separated.
In nature, analogous changes are more strikingly
spresented to onr obsepvation, gnd the flower, the
shrub, anddhe tree, are seen gradually to be formed
and developed out of materials contributed by the
air and soil, and in all gespects most dissimilar to
the new products of the.vegablg : it is true that
in these, apd in analogous cases which might be
taken fronf' the animal kingdof, the mysterious
power of vilality interposes; bat such ghanges are
nevertheless chemucal, and exalusively objects of
chgmical inquiry.

’ liere arc many beautiful experiments illustra-
tive of the total change of all obvious properties
of substances as a consequnce of chemical com-
bination ; as one striking mgtance, we may adduce



24g ( OMBUSTION.

the mutual aglion of oxygen-and nitrous gases:
these bodies are respectively permanently elastic
fluids, without colour, taste, or smell : when mixed
over water, they immediately enter ingo chemica:
cointination lose their clastic form, become of a
deep orange colour, intensely sour, and of a pecu-
liar odour } in their separate state they are insoluble
in water, but the body which has resulted from
their combination is perféetly soluble in that fluid.

The evolution of heat and light are common
consequences of chemical action, as exhibited in all
cascs of combustion. 'When a candle burns, the
substances of which it is composed are entering
into chemical combination with the oxygen of the
surrounding atmosphere.  So also with respect to
the coals consumed in our fires ; and in both cases
we obscrveithe combustibles gradually losing their
solid form, and acquiging an invisible aériform
state;; dissolving, as it were, in the air, and disap-
pearing.  If we apply 4 spark to a small heap of
gunpowder, it is igstantly dissipated in the gaseoue
form, and a bright flame ensues: in thgse cascs it
will always be remembered that there is no destruc-
tion of melter, but that the charcoal and other
substances, coyppodug the candle, the coal, and
the gunpowder, have merely centered into new
chemical amrangeients, and arc to bR found, as
we shall afierwards, particularly show, in the pro-
ducls of combustiax.

It has sometimes been imagined that the pre-
sence of air is requisite for combustion ; and so, .
in faet, jt is, in all the ordinary cases of that pro-
cess; Bt there are 4bundant instances of com-
bustion without its iptervention. If we, for in-
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stance, heat sulphir §ith coppe'r fijings, the mo-
men? the metal has acquired a certdin elevation of
temperatare, which is farbelow redyess, it combines
swith the sglphut and becomes réd-hot, forming,
when cold, a black, brittle, and fusible compgdnd,
in which none of the propertias, either of copper or
of sulphur, arc mynifest: it is called filphuret of
copper. This experiment may serve’to illustrate
another important fact rtspecting chemical action,
which is, that bodies combine in cerlain definite
proportions only : for instance, the sulphuret of
copper just adverted to, in whatever way it is
formed, always contains 60 parts of evpper com=
bined with 16 of silphur.

Among the general resulls of chemical combi-
nation, none are more striking than those which
relate Lo the change of stale or form fustained by
the acting bodies. When sybstances arc burned in
the air, they geverally pass from the solid to the
aériformn state: the deflpgPation of gunpowder is a
Zood instance of such suddey conversion ; the
couverse change, that®of gases into solids, is not
so common, yet sich cases arc not unfrequent.
When ammonia and muriatic acid, both gases, are
mixcd. they immediately c#lense into a white
salt, which is smuriate of ammoifa ; when a
teaspoonfills of fuming nitric atid is added to two
of strong "alcohol, the liquids ,presently disappear
in the form of vapour ; and when chlorine and
carburetted hydrogen gases are mixed, they form a
lidhid of the appearance of oil: hence this variety
of carburetted }xydrogen has been called olefiant
ras. These cases show thé conversion of liquids
into gases, and the converg,
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Liquids by“ combinatiog* praduce solids, and
sohds liquids. * Mix a strong solution of muriate
of lime with org of carbohate of potassa, and they
soon concrete when shaken together. , Rub some
crystdls of sulphate of soda with an f‘quul quantity
of nitrate of ammonia, and the two salis gradually
run down into a liquid. .

Change oj' colowr is @ common, but also an
important result of chemital action. By exposure
to light and moisture, the greater number of colours
are gradually destroyed, in consequence of the
chemical agencies that ensue; a similar de-truc-
tion of coloar takes place more immediately upon
the application of chlorine ; and hence these agents
are resorted to, to cffect the purpose of blcachmg
In the arts of dyeing and calico-printing, not only
are fugitivetcolours rendered permanent, but their
tints are variously madified, by chemical means.
Of the ve"et'lhh, blues, there are many wlinch are
rendered red by an acid, and green b) an alkali ;
and hence paper stained with the juice of nolets
or of the blue flag, or of the petals of the hlue
heart’s-ease, is useful as o test of the presence of
those bodies. ’lhc same principle is applied to
other purposes :. if,®or instance, an acid be gra-
dually added“to an alkaline solution, it is found
that there are ceftain proportions m?*hwh they
exactly neufralize sach other ; that is, a point at
which the liquid neither exhibits acid nor alkaline
characters. This point may be precisely learned
by the above tests, for the solution then has no
effect on the vegetable blue ; but if either acid or
alkali be predonsinant; that is, if the point of neu-
tralization has not begr exactly attained, then the
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test by the tint whicl\it asswmes gnnounces the
preddminant element: green if alkaline, and red if
acid, ' )
* Chemical, action is promoted by whaleper tends
to disintegrate and separate the periicles of multer,
such as heat, solution, and mechanical division,
Many substances which are withouf actfon at com-
mon temperaturcs,” combine yapidly *when suffi-
ciently heated ; thus a pitce of charcoal is without
action on the air till its temperature be elevated,
when it gradually burns away and disappears, being
converted into carbonic acid by uniting with the
oxygen of the atmqsphere.  Dry crystuls of citric
acid and carbonate of soda exert no mutual action,
as we see in what are called sode waler powders ;
but when dissolved by water a violent cffervescence
shows the decomposijion of the carb&bate: it is
thus that we determine tha presence of carbonie
acid in minerals, salts, &c., by pouring upon ghen
a little dilute muriatic acid, when air-bubbles are
very copiously evolved, There are many striking
illustrationg of the resistance afforded to chemical
action by mechanicaf aggregation : the metal lead,
in its ordinary state, is acarce‘lg acted upon bLy the
air at conimon temperatures , "utif the salt, called
tartrate of lead, be heated red-hot in"a small tube
or phial, t#8 black matter whicB is obtained con-
tains the lead in a state of veryeminute ggnechanical
division, and in this state it immediatef;' takes fire
upgn exposure to air. In its ordinary state, pla-
* tinum is entirely without action upon a mixture of
hydrogen and oxygen gases; but in the porous
and spongy form in which that metal is obtained
by heating its ammonia-magiate, it instantly be-
comes red-hot when exposgd to the njixed gases.
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Having n ticed csome 5f " the leading conse-
quences of chemical action, and of the cifcum-
stances whichg promote, retard, and modify its
results, there are only a few othet gencral remarks
confrected whth the subject with which it is neces-
sary that the rcader should be thus early acquainted.

It is sdfliciently obvious thut different bodies
are possesscd of different attrhctive powers; and
accordingly, if several be”brought together, those
which have the sirongest mutual attractions will
enter first into union: hence it is that chemical
attraction has also been called elective attraction.
If I pour tome dilute nitric acid upon a mixture
of lime and magnesia, the acid will dissolve the
lime in preference to the magnesia. The know-
ledge of this fact leads to the inference that lime
would scparate magnesia from its combination
with nitric acid ; and-.accordingly, if lime-water
be,added to a solution of nitrate of magnesia,
nitrate of lime is formel, and m=gnesia is thrown
down or precipifaled. Such aic the principles
upon which the decomposition of bodics is ef-
fected, and which is semctimes a very simple,
and at others a more complicated operation: for
instance, sulphurié* acid has a stronger attrac-
tion than nitric acid fo¥ baryta ; if, accordingly, I
dissolve a little baryta in nitric acidfand add to
the solution a suffirient quantity of sulphuric acid,
it will combine w'th the baryta, forming with it
an insoluble precipitate, and, taking it entircly
from the nitric acid, the Jatter will be left free.
These changes are effected in the most direct way,
and furnish an instafce of what is called simple
decomposition. DBut,t} e nitric solution of baryta
may also be decomposad by certain compounds
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containing sulphuxic a%id : thys, if § add a solu-
tion bf sulphaie of soda to onesof nitrate of
baryta, I shall, as in th& former cpse, precipitate
ulphate of barfla, and the soda’ previgusly in
union with the sulphuric acid wid be transfcered
to the nitric acid o form nitrate of soda : this is
double decompositiqr, in which two ne® products
arc formed ; and clses yet more intrfcate might
be cited, furnishing iustdnces of the varietics of
complex decomposition.

One very important result of clhemical attrac-
tion must not here be overlooked, which is, that
bodics combine in certain propor&ons only.
Water, for instance, is always constituted of one
part of hydrogen and eight of oxygen. We lLave
just adverted to the formation of sulphate of
baryta, and have produced that corpound by
single and by double 'dcconu)osition; sulphate of
baryta ‘may be formed by a varicty of other pro-
cesses, and it also exsig flative, being an abun-
dant mineral product, found in many parts of the
world: but in whatevér way it is obtained, or
whencesoever it conges, it is found that the sul-
phuric acid and baryla, which are ils component
or conslituent parts, are glwad® in the sume rela-
tive proportions o each other ; 78 pats of baryta
being unitsg in all cases to 40 of sulpluric acid,
to constitute 118 of sulphate of baryta‘ or heavy
spar. . .

There are numerous instances in which the
sam? substances combiye in several difievent pro-
portions, producing as many distinct compounds,
bat these form no exception to the rule just laid
down. Sulphuric acid, foy jnstance, forms two
distinet salts with potassa; called sylphate and
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bisulphate of; potama ; inihe former 48 parts of
potassa are udited to 40 of sulphuric acid, dnd in
the latter to §0, so that the one salt contains ex-
actly twice as 1huch sulphuric acld in combination
witli*an equal quantity of potassa, as’ the former.
These multiple proportions are yct more remark-
ably 1llustra;ted in those casessin which the same
elements form a still greater number of com-
pounds : thus nitrogen combines with oxygen in
1o less than five proportlons, giving risc to as
many distinct and definite compounds; in these
14 parts of nitrogen are respectively united to 8,
16, 24, 32,“and 40 parts of oxygen, which latter
numbers are, it will be observed, simple multiples,
and to each other as 1, 2, 3, 4, and 5: hence, in
these and analogous cases, we say, that one pro—
portional of nitrogen is compbined with 1, 2, 3, 4,
and 5 proportionals of- oxygen*,
!

* %cso few facts, in reférepce to the definite proportions
in which bodies cmnlnm- will, 1t ix hoped, be sutlicient to
show the principle upon which chemists vepresent subslances
niemenieally, the numbers merely indicating the weight in
which they unite; and it is ubvm; s, that if we assume the
lightest body in nature, which is lny:hnqcn, as unity, the
numbers representing © ather substances will' be multiples of
that unit; and it so h'xppnns, that whole numbers may be
used 1o represent these multiples.  Confining myself to
instances which have been quoted in the %ecadmg para-
graph, the followmg table of equivalent numbers may be
coustructed.

Hydrogen . . . mayberepresentedby . . . 1
Oxygen . . . . 1 « 4 8
Baryta . . . o . . 78
Sulpluric ncul v am . . . 40
e e s ., » . . 48

1
P )

. . . ” I
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I shall not now prhceed to ;pp‘.y this system
of nilmerical representation to move complicated
cascs, wishing mercly, ‘at presenfy, to show the
principle upon which it is founded,; and tq exhipit
it as a mere cxpression of facts} inflependent of
theory or hypothesis. Some,showever, observing
the uniform relative weights in which bodies com-
bine, have chosen o assume them as the repre=-
scntatives of their atom8; to say that an atom
of hydrogen, weighing 1, unites to an atom of
oxygen weighing 8, to form an atom of water
weighing 9, and so on: hence this subject is often
discussed under the name of the atomi® theory.

When the chemical nature of a body is to be
deternined, we endeavour to decompose or resolve
it into ils component parls, and to ascertain the
nature of these, and the relative proportions which
they bear to cach ofher; «his process is called
unalyses, and it often admits of verification by
synthesis; that is, we age “enabled to reproduce
the original body by the reunion of its elements.
This, howeyer, is by no means always the case;

Again, in regard to sine of the compounds whicl. have
been above vnumerat.ed, . -
e R
Sulphate of batyta, confnininllf 78 } o 18

barytu and 40 sulphuric aci % B » ”»

Sulphate of potassa, composed of} ¢
48 potassa and 40 sulphuric}
acgd . . . . . . ..

Bisulphate of potassa, consisting
of 88 sulphate of potassa and 40
Lulphuric acid, or of 48 potagsaf ”? » »
and 80 sulphuricacid . .y
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and, in many instanees, esprtially in our rescarches
on organic substances, we are obliged to rest con~
tent with analytical evidence. The term proxi-
mgte analysis is often applied to the scparation
of two bodies which are themselves compounded,
and wltimate analysis to the further separation of
these compounds into their eomponents. The
composition of Kpsom salt is synthetically demon-
strated by uniting sulphuric acid to magnesia:
analytically, by separating these proximate
clemeuts from each other. But sulphuric acid
consists of oxygen and sulphur, and magnesia of
oxygen and a metal called magnesium; conse-
quently we should say, that the uliémate compo-
nents of Epsom salt are oxygen, sulphur, and
magnesium.



CIIAPTER 1II.

HEAT-—ITS EFFECTS AND SOURCES.
.

B ear may be considered as the antagonist power
1o attraction, one of its most obvious effects being
the dilatation or expansion of bhodies; so that,
whenever a body is, heated, it is enlarded in bulk,
and, consequently, diminished in specific gravity.
These changes are temporary only ; for, on cooling,
the body regains its former dimensions, and a
further reduction of Jicat causes a proportionate
shrinking or diminution of bulk : hence, bodies
are said to erpand when healed, and to contract
when cooled—a law to avhich the exceptions are
yery limited. .

We know nothing of the cause of heat, but we
generally refer the effects pereeived to the presence
of a highly attcnuated form of matter, which is
supposed to pervade all sybstancesy and to be dif-
fused over the whole universe, and to which the
French nomenclaturists gave the' name of calorie
—a term which has been much oinployeg under the
idca that the word keat, which is applied both to
cause and effect, might lead to ambiguity: this,
diowfever, it need not; and whatever may be the
cause of the phenomena, the word heat may be
used to denote that state or’condition of a body
which excites in us the sensktion of heat.

. o
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L
) ]“..!— Of “Expanston in general.

The efleets (of heat ate extremely varied and
importayt ; but'those only which'concern the ches
mist will here he chicfly dwelt upon: and of these,
expansion may be ewnsidercd as the most gencral
and obvions. v

Bodies exist in nature under three forins—solids,
sucl as metal, &e. ; liquids, as water ; and gases or
rapours, as oxygen gas and steam ; these three forms
of matter suffer expansion and contraction in very
different degrees, when exposed to similar changes
of temper:tuire ; in solids the change of dimen-
sions is comparatively small, and refined means
arc necessary 1o detenmine and measure it ; in
liquids it is more obvious; and in gases extremely
apparcnt.

To show in a rouph widy the erpansion of a
solid, a bar of mctal, for instance, we may be
provided with a gaugt which measures its length
and breadth at ordinary temperatures ; and it will
be found that, when heated, it will no longer pass
through the apertures which readily “admitted it
when cold.

old

@ is a brass bar vith a handle attached, the
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length of which at cdnmon Jdehperatures is ex-
actly cqual to that of the notch ¢ ju the plate b,
and it exactly passes ind the circt;‘lam aperture d.
of the bar be 1tow heated by p!’un;:ing‘z; it into
boiling water, it will be found se mach ‘enlarged
in all its dimensions, as not,to pass through the
apertures. 1f, on {he contrary, it be comled by ice,
it will then contrat, and pass them ntore readily.

The expansion and contractfon of a liquid, when
heated, are casily shown as follows :—pour into a
large thermometer tube a quantity of brandy, so as

to fill the bulb, and rise in ghe stem up to the park
«. Plunge it into warnf water, and the spirit will
rapidly dilate and rise i the tulle, up to the point
b; removerit, and suffer it to regain its original
temperature, and its*bulk ‘will return to @ ; bt if it
now be put into ice, the diquid.will be seen to con-
tract, falling in the tuber to ¢, fof instance ; but
again expanding, when removad inte the atmo-
sphere at ordinary temperatures.

Aériform  bodies, or vapoufs, far ®xceed the
former in expansibility.  Place an empty thermo-
metgr tube, similar to that used in the last experi=

*ment, with its open end in a glass of water, as in
the following wood-cut, and, then apply the heat
D
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of the lLiand to thc bulb @; this will be sufficierit
to cxpand the air withip, so that sevéral bubbles
will escape through the water, and on removing
the source of heat, he water will mount in the tube,
showing, by tht place it occupies, the amount of
expansion whichdhe air had suffered.

Thus far the general fact of the expansion of
the differert forms of matler by heat, and their
contraction by cold, is easily demonstrated ; but
there are peculiarities belonging to each, and prac-
tical and useful applications resulting from them,
which must be enterad into more in detail.
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N 2.—03" the Iixpamio'u of %}[id-l‘.

L ]

In the first plgee, in regard to sp'lids, it is found
%that differcyt bodies possess very different degrees
of expansibility, and that among them the metals
are most susceptible of changt of bulks; but cach
metal is thus peciarly affected, and.possesses a
rate of expansion of its pwn. « In conscquence of
the numcrous purposcs to which the common
metals arc applied, and with which these calorific
changes of bulk greatly interfere, it becomes ne-
cessary to examine their extent and cgnsequences
in these cases with minute precision. For this
purpose bars of the respective metals have been
very accurately measured, and their lengths carc-
fully determined af the freezing point of water:
the temperature of thgse bars has then been raised
to the boiling point of watér, and their increased
length ascertained. The fgllowing is a table of
results. The average expansion of glass is nearly
the same as that of plaginum. *

Temperature,

382° 212°
120000, 120104
* 120000 120147
120000 120151
120000 120204
120000 320230
120000  ]20290

Platinum . . .
Steel . . . . .
Irom .+ . . .
Copper . . . o
Brass . . . .
Tin . . . « .
Lead . . . . 120000 120345
fine. . . . . 120000 120360

In consequence of the extensive use which is
new made of iron in the construction of bridges,
and as a substitute for timbey in various parts of
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buildings, mechanics have becothe fully aware of
the necessity f making gue allowance for its ex-
pansion and cdntraction, and sugh arrangements,
as-may admijt of it without injury to the other
parts of the building. The arches of the South-
wark Bridge, erected over the Thames by the
late Mr. Rennie, rise and fyil about one inch
within the usual range, of atmospheric tempe-
ratures. Where iron beams are employed, they
must be so placed as to admit of some play with-
out injury to the walls; for where such a beam
has been incautiously placed, its contractions
and expansions have often tended to endanger
the whole building. Iron roofs, in consequence of
their situations exposing them to the influcnce of
a hot sun, or to the cold of winter, require peculiar
care in this respect; and in ether cases, apparently
of trivial importance,” very scrious consequences
have resulted from the incautious application of
iron bars in situations whtre their changes of bulk
could be productive of mischicf, as in clamping
stones together in the construction of steeples,
and in placing iron railibhgs between columns, &c.

It bas been aboye stated, that the expansion of
glass and of platinum .js ncarly similar: hence
wires of that mgal may be welded nto fused glass
without inconvehience ; but if we snbstitute a wire
of anothemmetal, its differcnt rate of contraction
will tend to break the glass as it cools. .

By arefcrence to the abové table, it will be geen
that iron or steel is much less expansible than
bfagh; if, therefore, we form a compound bar of
thése or any other two differently expansible metals,
by riveting or solderidg them together, such a bar,
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by changes of temp ature,gwm constantly warp
in offe direction or other, according to the relative
position of the steel and brass. Lkt fig. 1 repre-
() ,

L s ez 2t —ror—mmoe e se—m—z crie——r

1.

sent the compound Dar, the steel being uppermost ;
if we then put it upon a heated plate, the bar will
warp as shown in fig. 2, in consequgnce of the
greater expansion df the brass : if, on the contrary,
the compound bar be subjected to cold, it will
assume the opposite curve, as shown in fig. 3, in
consequence of the greater contraction of the brass.
A compound plate Jf silver and platinum is re-
markably susceptible of these contortions ; and
such contrivances have been applicd to the con=
gtruction of instruments for measuring changes of
temperature, ¢

The expansion antl coptraction of the metals by
heat and cold is a “serfous inconvenience to the
chronometer-maker, as fecessatily interfering with
the rate of going of tht clock &r watch. The
pendulum, to vibrate seconds, mi?t always be of a
given length®, and it is obvious that if of metal it
will be liable to shorten in wintey and !engthen in

o. ®The length of the pendulum vibrating seconds in vacuo
in the latitude of London (51° 31’ 8” North) at the level
of the sea, and at the temperature of 62°, is = 39.13929
ifiches of Sir George Shuckburgl’s standard scale.—Kater,
Phil. Trans, 1819, p. 415. v,
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: L
summer; thus the clock wilt be fast in the former
and slow_in the latter season. The contrivances
which Have béen resortedl to, to counteract this
inconvenicice, sre numerous, and many of them
extremely ingen‘ous; but any details upon the
subject would be misplaced here.  The following
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mode of compensatios is, I v;ever, particularly
illustrated by the principle explained above., a
rcpresents the ]:endulurh-rod of Zra]s or steel,
suspended by the thin plate b between the com-
pensation Mars ¢ ¢, which are firmly fixed at the
ends ¢, and arc supplied with proper adjustments,
which it is unnccessary here to descritt. Let us
now suppose the® penduluin exactly vibrating
scconds at the temperature of 62°, and that the
temperature rises to 80°: in this case, the bar @
would be proportionately elongated, and it would
not then vibrate so many as 60 seconds in the
minute; but the cffect of increase of éemperature
in the compensatibn bars, supposing the brass
uppermost, would be to warp them, as in the follow-
ing sketch, (fig. 1,) and, consequently, to shorten

2 o
= %

the length of the pendulum ; and in cold weather,
on the contrary, the rod of $he pendulum would be
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L4
shortened, but the bars warping upwards would
tend 1@ elongafe it as in fig. 2. Exactly a sinilar
lan ~of c@:&ensmion thay be applied to the
alance-springs of watches, which are affected in
the same way, and with the same effécts, as the
pendulum of a clock.

The dinfensions of wood are. much less altered
by changes of temperature thah those of metals;
it is, therefore, occasiondlly used for the rods of
very large pendulums; but, in other cases, it is
not found efiectual, and is liable to be deranged
by the varying moisture of the atmosphere.

There arc some mechanical operations, in which
the expansion and contraction of metals by heat
and cold are very beneficially applicable: by put-
ting the hoops upon a cask in a heated state, tgley
gradually contract on cooling, and firmly bind the
staves together ; and, with®the same view, the
wheelwright heats the tire of his wheel, that it
may firmly press upsn jhe circumference as it
cools. .

d 3.—ZLrperiment showing ‘the FErpansion of Liquid
Anomaly w regard fo Wuler— Production of Currents,
and thewr Effecis, °

The expansihility of different liquids, like that
of solids, is liable to much variation: cther, for
instance, i more expansible than alcohol, and
alcohol more so than water, and water than mer-
cury. Liquids are also difierently expansible at,
different temperatures; and, gencrally speaking,
their rate of expansion increases with their temper-
atutley, This irregularity is chiefly observed in those
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liquids which readily %oil: where they require a
very high temperature to convert thqm into vapour,
it is less obscrvable. The expansibn gf nrercury,
*for instance, at low and high temp®ratures, is only-
slightly disimilar; hence, as w& sitall presently
find, one of the great advantages of that, over other
liquids, in the construction of thermomleters.

There is a very femarkable gxception to the law
of expansion and contraition by heat and cold, in
the case of water, which, unlike all other fluids,
expands when cooled below a certain point. AU
other fluids go on diminishing in bulk till the
freeze; but if we fill a large thermometer tube wit!
watcr, of the temperature say of 80°-and then
plunge the bulb into a freezing mixture of pounded
ice and salt, we shall observe the following curious
appearances.—The water will go on shrinking in
the tube, till it has’ attained the temperature of
about 40°% and then, instcad of continuing to con-
tract till it freezes, (as iy tI® case with all other
liquids,) it will be seen slowly ty,expand, and con-
sequently o rise in the tube until it congeals. In
this case the expansjon below 40° and above 40°
scem to e cequal, so thap water will be of the same
bu})k at 32° as at 48°, that is, at 85above or below
40°.

This anomalous cxpausion o¥water by cold is
not merely a, curious philosophical fact, but it is
productive of some most important add beneficial
cousequenices in nature; for, let us suppose that

bwater, like other fluids, went on diminishing in
bulk, or, in other words, increasing in density, till
M froze; the consequence would be, that lar
bodies of water, instead ©f being only superfi-
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7
cially frozen in w;\;tcr, weuld be converted into
solid masses of ice. Let us take a frésh-water
lake #sian ex¥mple. The earth being warmer in
_winter thaf the air, the heat is' withdrawn from
the surface of tac water by the cold oreczes that
blow over it, and'the whole body of water has its
temperatute lowered to 40°, which is the point of
its greatest>density, and a temperature perfectly
congenial to fish and most other aqueous animals.
The cold now continues to operate upon the surface
of the water, but instead of diminishing its bulk,
and rendering it Aeavier than the warmer water
beneath, it ~xpands and renders it Lighler; so that,
under these circumstances, a stratuin of ice-cold
waler (at 32°) will be found lying upon a mass of
warmer water beneath it (at 40°). The influence of
the cold continuing, the surface of the lake will
soon freeze, but the water ifamediately below the
superficial coating of icc will be found compara-
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tively warm ; and as water i‘ almost a non-con-
durtdr of heat, it will be a long time before the ice
attains any thickness; and the wholdbogdy of water,
i of any depth, dan never freeze throughout. In-
deed, it witl be obvious that the rstardation of
freezing will be proportional tp the depth of water
whicl has to be copled, and hence somé@ very deep
basins or lakes arcescarcely ever coveted with ice.

Perhaps the following expériment may render
thic peculiar property of water more intelligible.
Let ¢ a', in the preceding woodcut, represent
two cylindrical glass vesscls, filled with water at
60°; b b’ arc tin trays surrounding and closely
fitting the exteriots of the cylinders,. and in-
tended to contain a freezing mixture of snow
and salt, which in a is applied to the upper
surfuce, but in a'to the boltom of the water.
The first effect of the cold ,will be to reduce the
temperature of the whole bulk of water, in both
vessels, to 40°, that is, to-she point of greatest
density.  After which % will be found that, in
the vessel @, the coolihg effect will not proceed
downwards; but wilt be limited to the surface,
where the thermométer'will gradually fall to 32°,
and the water probably®freeze; for the ice-cold
water being lighter than the water®at 40° below,
it will nccessarily float upon thessurface: a ther-
mometer, therefore, in the upper, part of the vessel
will fall to 32° but in the lower pdtt only to
40°. This may be said to represent the case of
he dke above described. In the second cylinder
«', the cold, instead of being applied to the sur-
face of the water, is applied to the bottom, and
the effect is, of course, vary different; for now
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the cooled water,‘h&mming,l‘lighl.er, ascends, whilst
the warmer water descends, and becoming cooler
in its tigem, the.whole body of water is reduced to
_the freezing texiperature—an effect limited to the
surface in the other cylinder, whicl. represents
what happens i *flaturc, where the cold is always
superficial, and ice being lighter than water, it is,
of course, formed, and remain: upon the surface.
As liquids arc enlarged, and consequently ren-
dered specifically lighter, by heat, it follows that, in
heating a mass of liquid, very different effects will
be produced by applying heat to different parts of

,.ﬂg;‘vessel contflining it: @ and b represent two

tubes of thin glass filled with water. If we applirthe
flamp of the spirit-lamp to the boifom of the tube
a, tha'water will soon be heated equally throu%h-
op%‘%@ boil; and this is the usual way of apply-
- .
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R
ing hcat, namelyy to the botdom of the boiler or
saucépany but if, as in the tube b, we heat the
surface of the water, we® shall ﬁn(l/l.lm.}; itgmay be
made to boil in the upper part of dhe tube, whilst,
the water #® bottom will remai codd.  In tifis
case, the water becomes lightgr By being heated,
and consequently floats upon the coler water
below, to which scurcely any heat will be com-
municated. ‘

"The currents that ensue, in the ordinary way of
heating water, may be rendered obvious by the
following experiment : — Fill a cylindrical glass
vessel, of the shape annexed, with watci and throw
into it a few partictes of bruised amber, or any
other convenient substance, nearly of the same
specific gravity as the water, so that, if possible,
they may neither sink nor float in it; then apply
a gentle heat to the boltom of the vessel, and it
will be scen that currents immediately begin to
ascend in the centre, or axia, and to descend to-
wards the circumference bf the vessel, in the dirce-
tions shown by the darts. These currents soon
become rapid in their motions, and continue
till the water boilt *It is, thercfore by the
changes in the weight bf the different portions
of water, that we succe®d in  cOnveying heat
throughout the mass. The heated portion be-
comes cnlarged in bulk, and, therefore, speci-
fically lighter than the adjucent coRl portions
thyough which it ascends; whilst they, descend-
Jng®come into the contact of the heated surface,
and in their turn expand and rise. This goes
on till the whole of the water has acquired its
boiling temperature, beyond, which it cannot be
heated, and therefore the currents then cease.
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Such currents may be’ established, in properly-
constructed vessels, to any extent, ‘and heat thus
communicated to, water at a very considerable
ditfance from the, boiler ; a system lately adopted
very advnmageously in hot-houses, conservatoﬁes,
and #. tories, and for heating baths. 'The

igpnces for these purposes are very various;
§f course, imply the necessity of an ascend-
escending qurrent.

" .,‘_ ’
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§ 4.~ Erpansion of Airiform Bodies— Currents in the Air
—Theory and Practice of Penlitation.
. ’ .

We may now notice the effegds of heat upbn
gases, air, and vapours. Thesg, @8 we have stated,
undergo much gregter relative changes df bulk than
the other forms of* matter, but they &lso present
us, in this respect, with an infportant peculiarity.
In other substances, we obscrve that each indivi-
dual has its own degree of expansion and con-
traction, whereas all pure aériform bodies cxpand
and contract alike : so that, if we accugately deter-
mine the expansion®and contraction of any one of
them, in a given range of temperatdte, that know-
ledge applics to all the rest; and it is a very im-
portant object, to the experimental philosopler,
aceurately to determine thege changes of bulk. It
is found that 100 measures of air, when lLeated
from the freezing to the bodling point of water,
suffer an increase in bull equal to 37.5 parts; so
that 100 cubic fect of #ir, at 325, become dilated
to 137.} cubic feet at 212°.  Stcam, and all other
vapours, when heatell dut of coutact of their re-
spective fluids, are subjcct to laws of expausion
similar to those of air. The histo.rfr, thercfore, of
agriform bodies, in respect to thie cflect of heat, is
extremely simple. .

The dilatation suffered by aif, when heated,
beigg very comsiderable, is, of course, attended
by @ proportionate diminution in the specific gra-
vity or relative weight of the heated portion,
which rapidly ascends through the colder mass,
and cxcites powerful currenfs and agitations in
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by the jilicious adjustment of the size of the
ventilating channels to the quantity of air which it
is requisite should freely pass thrqugh them.

= JThe small tin‘entilators, cgieisting of a rotating’
wheel, whicll weigometimes sée in wintlow-panes,
are perfectly useless, though it is oflen imagined,
in consequence of their apparent activity, that they
must be very effectual ; but the fact is, that a very
trifling current of air suffices to put them in
motion, and the apertures for its escape are so
small as to produce no effectual change in the air
of the apartment : they are also as often in motion
by the ingriss as by the egress of air.

From what has been said, it will be obvious
that our common fires and chimmics are most
powerful ventilators, though their good services in
this respect are often overlooked. As soon as the
fire is lighted, a rapid-ascending current of air is
established in the chimuney, and consequently there
must be a constant "ifigress of fresh air to supply
this demand, which gererally enters the room
through the crevices of the doors and windows.
When these are too tight, the chimney smokes or
the fire will not draw; and in such cases it.is
sownetimes necgssary to make a concealed aperture
in some convenient part of the room for the requi-
site admission of ir, or to submit to sitting with
a window or door partly open. Any imperfect
action of fic chimney, or descending current, is
announced by the escape of smoke into the room,
and is frequently causcd by the flue being ‘too.
large, or not sufficiently perpendicular and regular

4in its coustruction. When there is no fire, tite
‘éhimnies also generally act as ventilators ; and in
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sumyner there is ften a very powerful ‘current up
them, in’ consequence of the roof and chimney-
,pots béing heated by the sun, and thus accelerating
the ascent of the n% In a well-cpnstructed hoyss
there shovfd be suffreient apertyges for the admis-
sion of the requisite quantity f air into the respec-
tive rooms, without having occasion 8 trust to its
accidental ingress through evgry crack and crevice
that will allow it to pass. These openings may
either be concealed, or made ornamental, and by
proper management may be subservient to the
admission of warm air in winter.

The manner in which heat is distribated through
our apartments by the fires in common use will
be noticed afterwards; but large rooms are not
uncommonly warmed by heated air, admitted usually
through aperturcs in the floor. This system is
extremely convenient, effective, and agrceable,
when properly managed, but this is seldom the
case. Therooms are clgse at® oppressive, because
flue tventilation is not a%sociated with the admis-
sion of hot air; the apertures by which the air is
admitted are generaly too small, and the air itself
overheated : the openiggs should be large, and
the quantity of air thrown in shoyld be congider-
able, but its lemperature moderate. . In.this' way
the bad smell produced by burdt parficles of dust
is avoided, and an agreeable fyeshness as well as
temperature kept up in the air. ,
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§ 5.—OFf the Construction and Uses of Thermometeis and
Pyrometers, and of thd Scales apflied to them,
¥ ~Having tkus \stated some%thc gencral effects
of contraction arfd ¢xpansion in the different forms
of matter, *¥¢ may now proceed more particularly
to the examination of the thermometer—an in-
strument of considerable importance in all our
researches connected with the subject of heat.

The first instrument to which the term ther-
mometer can properly be applied, was apparently
invented by the Florentine Academicians, about
the middle of the seventcenth century. It con-
sisted of a glass tube, with a bulb or ball blown
at one extremity, and filled, up to a certain mark,
with spirit of wine; the expansion of which, or
its rise above the mark, indicated
heat, and its contraction, or fall
belea, the mark, cold. They after-
wards pliced a number of little
equidistant studs of white enamél
on the tube, vendering the expan-
sions and tottractions of the con-
fined liquid more evident; and b
these tley sometimes divided 1t
into a hundred parts or degrees.
Such instruments were first intro-
diced into England by Boyle. For
# long time, no one would believe
that a liquid could contract+and
expand in a tube closed at both
ends; but Boyle soon satisfied him-
sclf of the fact by experiment,

.
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and by the inspection of the Florentine glasses,
for o these instruments were then called.

About the beginning f the cighteenth century,
‘a considerable im nient was made in this ori-
gina}, therrgometer, By Fahrenheif, o Amsterdarfi,
who, by the use of mercmy_in'stead of alcohol,
was enabled greatly to diminish the %ize of the
tube and bulb, and*s¢ measure compatatively high
degrees of temperature. *

But all these instruments laboured under the
serious defect of entire want of agreement with
each other: the division of the tube was founded
on no fixed principle, but was arbitrarg, and differ-
ently constructed afid applied in every thermometer.
1t required no common ingenuity to overcome
this difficulty, and to construct instruments which
should agree with cach other when exposed to the
same temperature. This, however, was at length
effected by a suggestion of Sir Isaac Newton,
founded upon a discovery «f Dr. Hooke, who
observed, that when a tdermometer tube, properly
filled with mercury, *was plunged into melting
icc or snow, the liquid metal always contracted,
or fell to a cegtaid pdint, at which it rewained
perfectly stationry till 81l the ice was melted, If
we now mark this point®upon the'tube, it wiil be
found that, whenever it is subjected to the same
experiment, the quicksilver falls cxactly to the
same level or point, and hence tliis peint may be
called the melting-point of ice} and 1t has since

»bedn ascertained that this is also precisely the
point at which water, under ordinary circum-
wances, freezes, so that it is also called the
Jreezing-point of water. » Here, then, a part at
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least of the difliculty above adverted to is removed,
and one fixed point for thermometric graduhtion
ascertained. ' .

. Dr.Hooke afterwards madg.a similar discovery inl
régard to bodling water, which, under erdinaxy cir-
cumstances, he foungd always exhibited one aﬁl the
same degree of heat. If, therefare, we now plunge
our thermometer, upon whiéh *the freezing-point
of water has already been marked, into an open
vessel of water placed upon the firc or over a
lamp, we shall observe the mercury continue to
rise in the tube until the water boils, when it
becomes quite stationary, and the point may be
marked as before. Now it will be found, that
whenever this thermometer is put into boiling
water, the mefeury will rise to the same height *.
Here, then, we have a second determinate point,
namcely, the boiling-point of water ; and it is
now obvious, that if we divide the space of
the tube between «diese two fixed points into
any given number of degrees, the mercury will
indicate the same degrec‘in all bodies of one
a?d the same temperature ; and th¥t any number
of thermometers, carefully’ ednstructed upon this
principle, will.agree with €ach other in their indi-
cations of temf)crature. “The spacc betwcen the
boiling and frecting of water has often been
divided into one hundred equal parts—the freezing-
point beingtmarked 0° and the boiling-point 100°

* Some circumstances slightly affect the boiling-peint,
such as the state of the barometer or of the pfessure of the '
at here, and the nature of the vessel in which the expe-
T is made. We presume above that the barometer

stapds at thirty inches, and ¢hat the vessel is of thin metal.
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This_is commonly¢ called the centigrade scale, and
h [ v o

is us¢d in France and many other parts of Europe.
Réawmur's scale calls the freezing-point 0°, and
fhe boiling-point 8°; but in Rt!is country wg
gencgally réfer to Fahrenheit's scale? which sets
out at the temperature produged by mixing snow
with salt, and whieh was erroneously conceived to
be the lowest artifilia} temperature. ~ 1% is, in fact,
32° below the freezing of water, and the space
between that and the boiling-point being divided
into 180°, the latter is called 212°. In all these
scales the graduation is continued downwards
below 0° in the same way as above ite These are
calléd degrees belofo 0°, and are gencrally distin-
guished by prefixing the mark (—) minus before
them: thus — 10 means ten degrees*below 0°, and
sometimes the mark (4) plus is prefixed to the
degrees above zero, for the sake of greater pre-
vision ; as 410, or ten degrees above 0°.

Such are the principles «pon which thermo-
meters and their scales®are constructed, and for
all common purposes brdinary thermometers are
sufficiently accurate ;" but the experimental labora-
tory should be furnished with a standard ther-
momcter, ‘very carefully.constructe‘l, and with a
scale cxhibiting the diviions of Rénumu*and
Fahrenheit, and the centigrade. ¢ Such an instru-
ment of reference is uscful to determine the quality
of common thermometers, no two,of witich will be
found precisely to agree at the different points of
dhe Ycale. &

The thermometer having advanced thus far, it
became an important question to determine how
farits degrees actually represgnted equal quantitics
or increments of heat; and an ingenjous.experi-
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ment, originally contrived by I¥r., Brook Taylor,
seems to show that this really is the case. If con-
sisted in mixing together, With dug precaution, equal
Qarts of hot :mc\‘cold water gwmnd it was found that
the thermoreteY, applied 6 such a mixture, jndi-
cated the arithmetigal mean between the extremes.
Thus, if we mix a pound of water at the tempera-
ture of 200° with a pound & ‘*the temperature of
100° an accuratc thermometer will show in the
mixture the mean temperature of 150°. .

The indications of the mereurial thermometer
are obviously limited within the freezing and
boiling points of mercury. It congeals at 40°
below 0°, and hoils at 650°; And on the moment
of its congelation it shrinks so remarkably, as to
have led carly experimentalists into considerable
errors as 1o the actual cold required for the pur-
pose.  When it boils, its vapour, of course, bursts
the tube.  Althouglh, therefore, the range of tem-
perature which mas Ye accurately measured by the
expansion and contractfon of mercury is ver
extensive, it is often requisite to measure degrecs
of cold below its freczing-point, and of heat above
its boiling-point. Pure spitit 6f wine or aleohol has
never been frozen, and it is consequently used in
those thermometers whith are intended to indicate
excessive degrees of cold ; but no fluid has yet been
found applicableto the construction of a thernowe-
ter capable of indicating higler temperatures than
mercury. = When, therefore, a degree of heat
approaching to, or exceeding dull rgdness, $s tg
be measured, other methods and substances must
be resorted to: instruments constructed for this
purpase are called pysometers.

It.is mecdless here to describe Wedgwood's
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pyrometer, though it is often referred to in scien-
tific works ; for its indications are never to be
depended on, and arc fréquently greatly in error.
Mr. Danicll has contgised an instgument capablg
of mggsuring, with great nicety, tht cxpansions o
a bar of platinum at high temperatures, and has
pointed out a methed of comparing theth with the
degrees upon Fahrrheit's inercurial Scale, The
following points were thus determined :—

Degrees of Fahrenheit's
‘Thermometer.

Tin melts at . . . . 411°
Bismuth  ditto . . . . . 462°
Lead ditto . . . . .o 600°
Mercury  boils * ., . ., 644°
Zine melts at . . . . 6150
Brass . duto . . . . s . 1869°
Silver . ditto . . . . . 22330
Copper ditto . . . . . 25dR

Gold . ditto . . e . L2590

Cast iron  ditto . . . . . 3479

Red heat visible in day-light . . 9807
Heat of a common parlogr fire” . . 1140

*Several points are cceasionally particularly re-
corded upon our thermometrie scales, such as
remarkably high andl Pow natural temperatures,
the boiling-point of alcoltol, ether, &e., tflc heat of
the human blood, the heAt of spril'l;:s and baths,
and the degrees required for forcing various fruits.
These, of course, refer to the particular purposes
for which the thermonmeter is infended.»

Sometimes the expansions and’ contfactions of
&ir, *which, as already stated, are relatively great,
for small changes of temperature, are resorted to
in. delicate experiments, in which slight variations
of heat require to be indicated. ;
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The simplest form of the air‘thermometer con-
sists of a tube with a thin bulb at its upper end,
and dipping at the lower and open extremity into a

little coloured_fluid ; some of tihe air is then ex-
pelled by the heat of the hand, so that, as the bulb
cools, the liquid may rise to about half way up
the tube. This instrument is very sensible to slight
changes o] temperature : heat expands the air in
the bulb, and drives the fluid downwards ; and cold,
by contracting the air, causes the fluid to'rise
This wag one of the first forms of the thermometer
that w%invemed, and is only inconvenient from
its extréme delicacy, #nd the great length of tube

% E‘\“;ﬁﬂ
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requiged to measufe any considerable range of heat
and cold. - .

Another and much more useful form of air
thermometer is repfésepted in the fllowing wood;.
cut: git hay somgtitdes been cailed’the differ-

ential thermomeler. * It counsists of two bulbs, @
and 3, containing air united by a tube twice bent
at right angles, in which there is a little coloured
sulphuric acid: the tube is supported upon a
wooden foot or stand. When a hot body is brought
near one of the bulbs, it expands the air within it,
and drives the fluid towards the other—ftom b, for
wstdnce, to . One of the chief advantages of this
air thermometer is, that it is not aflected by any
goneral changes in the temperature of the sur-
rounding air, becausc theys gct equally on both
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bulbs, and occasion no motioh of the included
column of liquid ; but when one of the bulbs is ex-
posed to any source of heat which does not affect
<the other, the (lifference of‘temperature between
the two bulbs is immediatélfiand very sensibly
indicated by the recession of 'the fluid from the
heated towards the cold bulb. ‘ The advantages of
this instrament will be more evident when some of
its practical applications are afterwards pointed out.

Q 6.—O0f the relation of the Temperature of Bodies to the
ouantity of Heut contained wn them.

That the thermometer is an accurate measure
of temperature, has been shown by Dr. Taylor's
experiment already quoted, but it aflords us no
correct insight into the absolule quantity of heat
necessary (o produce u given temperature : if, for
instance, a pint of olive oil and a pint of water be
brought from a ¢old info a warm room, from a
temperature perhaps of 4¢° to a temperature of
70°, they will, it is true, gradually acqnire the same
temperature; and thermometers immersed” in the
respective liquids will gradually rise from 40° to
70°; but if we carcfully wateh the manner in which
this rise of temperature is brought about, we shall
find that the oil acquires the temperature of 70°
anuch more rapidly than the water; whenee it may
be inferred, that the oil requires less heat to raise
it from 40° to 70° than the water. Again, if we
reverse the experiment, and transfer the two
ligquids from a warm to a @ld room, it will then be
obscrved that the oil cools more rapidly than the
water : the factis, th.t ‘the quantity of heat required
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to rajse water froth 40°to 70° is much greater than
that required to raise thg oil a similar number of
thermometric degrees, and consequently oil is much
more rapidly heat d cooled than a correspond-
ing quantity of wj The following’ experiment
proves this to be the case.——A pint of water at
212° was surrounded, in a proper apparatus, by
ice, and the quantity of ice which was thawed by
the heat given out by the water in cooling from
212° to 32°, was accurat(.lv ascertained. A similar
experinient was then made with oil, and it was
found that, in passing through the same range of
temperature, it only thawed half as nsuch ice as
the water : although’, therefore, the temperatures of
the liquids were the same at the outset and conclu-
sion of the experiment, the quantity of heat given out
by the il was only half that given out by the water;
whence we infer that bodiws, though of the same
temperature, do not contain the same quantity of
heal—some requiring more, anid some less heat, to
rajse them to a given tllermometric point. The
quanuty of heat thus r(.qmred is called the specific
heat of the body ; and if; in reference to the above
statement, we call the spgcific heat of water 100°,

that of oll will only be 50°; or, in other words,
water has twice the capacily for heat that oil has.

These tenns must, however, be cidrefully limited to
bodics retaining one and the same state ; for when
they change their state, their relagjons !o heat are
singularly affected, as we shall soon find.

» Blt although a body may not change its state or
form, its capacity for heat will be found very mate-
rially aflected by its density ; and whenever density
is diminished, capacity for feat is increased—and
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vice versa. Thus, in regard to‘solids, if we sud-
denly compress a piece of metal, it becomes hot,
because its capacity for heat is. diminished ; and
therefore, in it dense and-gompressed state, it
contains less heat than it did before ;\this is seen
in the proccss of cpining, where the blank picce,
in sustaining the sudden and violent pressure ofthe
coining-press, becomes suddenly warm; and a piece
of soft iron, upon heing dexterously struck a few
heavy blows with a hammer, becomes hot enough
to inflame the brimstone of a match. A picce of
Indian rubber, suddenly and forcibly drawn out,
becomes warm in consequence of the extension,
as may easily be perceived by applying it to the
lip the moment it is stretched, that part being very
susceptible of slight changes of temperature.

Similar changes of capacity for heat, attending
change of density, are also perceived in liquids.
‘When sulphuric acid is mixed with water, the re-
lative densities ofsthe mixture are suddenly and
greatly increased, and'it becomes hoiling hot.
When alcobol and water are mixed, there is also
a diminution of density, and Leat is evolved.

In gascs we have a convenicnt opportunity of
observiug thay, as on the one hand, condensation
produces heat, so, on"the other, rarcfaction or
diminution of density is attended by increased
capacity for hegt, or, in other words, by the
productioyf of gold.  Air suddenly compressed
by the piston of a syringe, evolves so much
heat as to inflame combustibles exposed tb it
but if we suspend a thermometer in the receiver
of the air-pump, we shall find that, during ex-
haustion, the rarcfagon or expansion which the
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air syffers, causes’' a diminution of several de-
grees of temperature ; angl this is the reason why
the air in the higher regions is so much cooler
than that below. As it ascends from the earth it
expands ; and in expanding its capacity’ for heat is
increased : it therefore cools itself, as well as the
surrounding bodies.’, .

The Andes, placed almost upder the line, rise
in the midst of burning sands ; about the middle
height is a pleasant and mild climate ; the sum-
mits are covered with unchanging snows; and
these ranges of temperature are always distinct.
The hot winds from below, if they ascertl, become
cooled in consequence of expansion; and the
cold air, if by any force of the blast it is driven
downwards, is condensed and rendered warmer as
it descends.

‘When hot steam suddenly issues, under great
pressure, from a small aperture into the atmosphere,
its instantaneous expansion so Yar cools it, that,
ingtead of scalding the hand held in it, as is the
case with ordinary steam, it scarcely feels warm.

Another case in pointigfurnished by the Fountain
of Hiero, as it is called,,at Schemnitz, in Hun-
gary. A part of the machipery for working these
mines’is a perpendicular column of water, 260 feet
high, which presses upon a quantity of air inclosed
in a tight reservoir : the air is censequently con-
densed to an enormous degree bydhis height of
wateyg, which is equal to between cight and nine at-
mospheres ; and when a pipe communicating with
this reservoir of condensed air is suddenlyopened, it
rushes out with extreme velocity, instantly expands,
and in so doing it absorbs so"much heatas to pre-
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cipitate the moisture it contains in a shower of
very white compact srow, which may readily be
gathered on a hat held in the blast. The force, of
this is so grea‘t, that the workman who-holds the
hat is obliged to lean his back agniftst the wall, to
retain it jn its porition.

If the blast from an air gun be directed upon
a delicate thermemeter, it sinks it a few degrees,
from the cold produced by the sudden expansion
of the air.

§ 7.—Solids, Liquids, and Gases, considered us Conductors of
L Heat. .

Having described the construction, and some
of the uses of the thermometer, and having shown
that different bodies requirc different quantities
of heat to raise them to the same lemperature,
we may now revert to a subject already in part
discusscd, namely, the propagation of heat through
different bodies.

One method by which heat diffuses itself has
been noticed above ; for it bas been shown that, in
liquids and gases, heat vroduces expansion, and,
in consequence of the mobility of their particles,
makes its way, and is diffused through them, by
change of specific gravity.

Heat 15 also propagated through bodics by their
conducting powsrs. A metal bar is well calculated
to illustrate tkis conduction of heat: if one end
of it be held .in the candle, and the other,in the
hand, the heat gradually and progressively makus
its way from onec end to the other; if the hand
be near the source of heat, or the bar short, it
soon becomes toohdt to hold. If we employ bars
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of different metals, it will be found that some con-
duct heat better than othqrs: thus, if two similar
wjres, one of platinum and one of silver, be heated
at one end, the heat will pervade the silver much
more rapldly‘tlnn the. platinum ; and ff cones of
several metals, like the one represonted in the fol-
lowing cut, be respe@txvcly tipped with a gmall piece

Cammu g

of wax, and placed upon a heated plats of mctal,

the wax will melt it different periods upon tho
different cones, showing their relative conducting
powers,

Silver, gold, copper, and tin, are the best con-
ductors, and ncarly equal;.iron, platinum, and
lead, are much inferior. 1t does not appear,
therefore, that the conducting puwer corresponds
either with the density, the tenacity, or the fusibi-
lity of the metals. Neéxt to metals, the diamond,
the topaz, and some ¢arthy compounds, appear to
have the greatest condugting power: then stony
bodies, porcelain and (ims, and porous carthy
compounds, such as earthenware and bricks. Wood
is a very bad conductor of heat? so is charcoal ;
and these may be held, without bummg the ﬁnqcrs,
very near the red-hot part.

The porous vegetable and animal substanc(.s
ased in clothin g, and the natural coverings of most
animals, are also imperfect conductors of heat; but
inrthese cases interstitial air cannot be excluded,
and consequently their true donducting power is not

. r 2
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accurately determinable : however, Count Rymford
found that when a heategd thermometer, surrounded
by about an inch in thickness of confined air, topk
576 seconds to cool 135, it togk 1032 seconds to
cool to tlfc same point when" 1& grains of lint
were diffused thrqugh the confined air, and 1305
seconds When the same weight of eiderdown was
used ; so that, as the conducting power is inversely
as the times, if the power of air be reckoned as
1000, that of the lint will be 558, and of the eider-
down 441. The conducting power of these sub-
stances is further diminished by the closeness with
which their particles are compressed, provided,
that is, their texture is not tdo closely compacted :
thus, when the same space which in the above
experiment was occupied by 16 grains of cider~
down, was filled first with 32 grains, and then with
64, the times employed in the escape of the 60
degrees of heat from the enveloped thermometer
were successivelmincreased from 1305 seconds to
1472 and 1615 seconds: R .
To show the influence 6f mere Zaxéure upon con-
ducting power, similar trials were anade with raw
silk, ravelings of white tafieta, and of common sew-
ing silk ; of which the first has the finest fibre, the
second less fine, and the ihird, from being twisted and
harder, is muchcoarser. The differcnce between
these three modifications of the same substance
was very striking ; the raw silk detaining the heat
for 1284 seconds, the tafleta ravelings 1169 se-
conds, and the silk thread only 917 seconds.©
The application of these facts to the retention
of the natural heat of the body by different kinds
of clothing, is suflicignily obvious; and it is evident
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that, as far as mer® conducting power of animal
and/fegetable substances js concerned, the worst
copductors are those in which the fibres are finest
and most condens«f.‘ There are, however, other
circumstancey wijich interfere in these applications,
and which will be more intelligiple when the sub-
ject of radiation of heat is under considération.

§ 8.=~0f the conducting Powers of Liquids.

From all cxperimnents that have been made
upon this subject, it appears that liquids are very
imperfect conductors of heat; so imperfest, indeed,
that they have frequently been regarded as absolute
nonconductors ; and the same remark applics to
gaseous or agriform bodies. It has already been
shown (page 47), that in the usual mode of heating
liquids, the heat is applied to the botfom of the
vessel containing them, and is diffused over the
whole mass in consequence of sittvessive changes
of density in the heated bortion; the warm cur-
rents which are thus established, ascend, and the
cold ones descend, and this motion is kept up till
the water boils. If, howevgr, we apply heat to the
surface of the water, the heat can on}y be propa-
gated downwards by its conducting power ; for the
heated portion, being lighter than the colder water
beneath, floats upon its surface, and no interchange
of strata, analogous to that previopsly 8gscribed,
can ppssibly ensuc. It may thus be shown that it
i almost impossible to transmit heat through water
or other fluid by its mere conducting power. The
follbwing, among other experiments, may be
selected in illustration :—Le? g represent a cylin-
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drical vessel of water, with ant included air ther-
mometer, the bulb of which very nearly rewches
the surface: b is a small copper basin floatipg
upon the surface, the bottom of which is only
separated from the bulb of the air $harmometer by
a very thin stratum of water: if "a little glowing
charcoal e now put into the basin, the surface of
the waier‘may be heated to its hoiling point, and
yet scarcely any élevation of temperature will be
indicated by the neighbouring thermometer ; and
it will be impossible to transmit the heat from the

surface downwards. Tu this way of making the
experiment, it is obvious that some heat may be
conveyed by the sides of the vesscl; but as glass
is a very wad conductor, this source of error is
trifling, and only produces an effect when the heat
is continued for a very long time on the surface.,
The following is a mode of illustrating the bad
conducting power of another liquid—namely, oil.
Let a represent a thix glass tube about two feet in
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lengtlr, closed at one end, and opeh at the other:
pouryinto it a couple of inches of water, and
frefze it by immersion in'a mixture of salt and
icé’; then upon the lunp of ice at the bottom, b,
pour eight or, tenwinches of oil, ¢, and,, upon the
oil, two or thrée-inches of spirit of wine, d. If

the portion of the tube containigg the spirit be
now carefully held over the chimney of a lamp,
the spirit may be boileds, and even entirely evapo-
rated, whilst the oil will not be sensibly heated,
nor the ice thawed. *

These, and a number of similar facts and
experiments, shew that water, if n8t a non-con-
ductor, is, at all evenls, a very,bad and imper-
Ject conductor of heat; and that fluids acquire
and lose heat principally by the curtgnts which
have been above described (page 87), and which
glwdys take place in them when partially heated
or cooled ; the warmer parts ascending, and the
calder descending. Whatever impedes these mo-
tions will proportionably igterfere with the heat-
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ing and coolingof the fluid. Hence viscid liyuids,
or those contaiing substances that mechaliizally
thicken them, are more tardy in their recepiygn
and emission of heat than pure water: of thls,
thick soupg, afford a familiar example; they are a
long time cooling. ‘

L1

1
§ 9.—Of the Conducting Powers oy’ Air in regard lo Heal.

The experiments which have been made to de-
termine the conducting powers of gaseous bodies,
are not very satisfactory’ in their results; and it
has as yct scarccly been ascertained whether air is,
or is not, properly speaking, a conductor of heat.

When a heated body is suspended in the at-
mosphere, and freely exposed on all sides to air, it
gradually parts with its cxcess of heat, so as to
attain the temperature of the surrounding sub-
stances ; but this cocling effect is produced by a
variety of causes, independent of any real conduct-
ing power of th€ air. We have already alluded
to the extreme facility with which currents ave
formed in air when heated sybstances are exposed
toit: the warm air ascends, and guegmtinual cur-
rent is produced, which glides over, the surface of
the heated mrtter ; thys, much hegt is conveyed
away by the establishment of currents, in conse-
quence of change of density in the air. But
heated bodies exposed to air also part with excess
of temperdturehy radiation, a process continually
going on from their surfaces, and which will cpre-
sently require our minute attention. Upon thé
whole, it appears that air is a very imperfect con-
ductor of heat. ;%
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§f 0.—Remarks on the relative Conducting Powers of Bodies.

It would appear, from what has been stated,
..that those bodies whi¢h are the best conductors of
heat, have the weakest attracifon for i%, and that
bad conductors have the strongest attraction : the
former, therefore, part with their heat more rea-
dily than the latter. Metals, which are excellent
conductors, are easily heated, and as easily give
out their heat. Tt is painful to touch metal heated
toabout 120°. Water scalds at 150°; but air may
be heated to 250°% or even 300°, without being
painful to our organs of sensation. Mr. Chantrey
has a large stove, or oven, for drying the moulds
employed in his bronze castings ; a thermometer
suspended in it generally stands at about 300°: the
workmen enter and remain in it for some minutes
without much inconvenience ; angd a person wholly
unused to such high heats may walk into and out
of it with impunity, theugh, to such, any attempt
to remain generally occasions difficult breathing,
and a painful sensatiors about the eyes, but the
skin remains parched an® dry. In subjecting our-
selves to atmospheres thus highly® heated, it is
necessary carefully to avoid the coptact of any good
conductor of heat: if we touch a piece of metal, it
would inevitably burn us ; and ‘a persgn once in-
advertently entered with his spectcles vn, which,
beimg mounted in silver, presently burned the
9 - . -
points of contact with his face.
.The relative conducting powers of metal and
wood are familiarly illustrajed¥in the application
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of wooden handles to metallic vessels intendeg’ to
contain hot liquids; or, somctimes, where “the
handle is required to be' of metal, a thin pie
of wood or ivory is interposed between it and the
body of the vessel, by which all rapid communica-
tion of heat is effectually cut off.

We avail ourselves of the bad ¢onducting powers
of brick, and stone, in the construction of furnaces
intended to retain their interior heat; but where
the object is to communicate heat to the surround-
ing air, and not to retaingjt in the body of the
furnace, they are made of cast or wrought iron,
and the lining of brickwork is dispensed with, so
that the heat may readily find its way outward.

Charcoal is among #he very worst conductors
of heat; and there is a well known experiment
which illustrates this, consisting in placing a tea-
kettle of boiling water, just taken from the fire,
upon the palm of the hand: it is, of course, essen-
tial to its succesg that the bottom of the kettle
should be well covered ,with soot, which is a
porous form of charcoal, aml effectually prevents
the transmission of heat fromn -the water within to
the hand. ..

The comparative conducting power of wood and
metal is also weil illustrated by the following experi-
ment :—take a smpoth round bar of brass, or other
metal, about an inch in diameter, and ten or twelve
in length, and stretch a strip of writing paper
tightly over a past of it, to which apply the flame
of a candle or spirit-lamp, and it will be found im-
possible to burn or even singe the paper; for the '
heat passes through it to the metal, and is con-
ducted- away so rapidly, that its accumulation, or
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the emperature rquired to burn the paper, can-
nc.'be attained. If we now substitute a wooden
har of the same dimensions as the metallic one,
stretch the paper over it, and hold it in the flame,
the paper will presently singe and cltar, and the
wood beneath will be inflamed, in consequence
of its bad conduoting power, which prevents the
diffusion of the héat, and concentrates its effects
upon the spot to which the flame is applied.

A stratum of confined air is an extremely bad
conductor of heat: henle the advantage, in some
instances, of double walls to furnaces, air being
confined between them ; and to icehogses, to ex-
clude external heat; and of double windows to
our apartments, to prevént the transmission of
heat, and ingress of cold.

‘We have shewn, that in air, the power of com-
municating heat is very feeble; its actual power
of absiracting heat is also proportionably small:
in the high northern latitudes, jovided the air is
granquil, and there is o wind, a degree of cold
may be sustained without injury, in which mer-
cury readily freezes; but if, in this state of the
atmosphere, metallic siibstances be touched, of the
same low temperature, a sensation like that of
burning is experienced,® and the part becomes
blistered. .

‘We have above adverted to the effects of a high
temperature upon the human body. The opposite
effects of a very low temperaturé cannot be com-
mdhded artificially, and, therefore, opportunities
seldom occur of witnessing them so as minutely to
ebscrve their consequences.  Captain Parry and
his associates, in their ¢ ana"ge for the Discovery
of a North-west Passage,’ frequently experienced a
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degree of atmospheric cold beldw the freezinlx of
mercury, Under the daie of Tuesday, the 1bth
of February, 1820, he says, ‘ From four p.y., of
the 14th, till half-past seven on.the following
morning, belag an interval of fifieen hours and a
half, during which time the weather was clear, and
nearly calnf, a thermometer, fixed on a pole be-
tween the ships and, the shore,"never rose above
— 54°, and was once during that interval, namely,
at six in the morning, low as —55°. This
low temperature might pérhaps have continued
much longer, but for a light breeze which sprung
up from the,northward, immediately on which the
thermometer rose to — 49°, and continued still to
rise during the day, @f, at midnight, it had
reached — 34°*, During the lowest tempcrature
above-mentioned, which was the most intense de-
gree of cold marked by the spirit thermometer
during our stay in Winter Harbour, mot the
slightest inconvensence was suffered from expo-
sure to the open air by a person well clothed, ag
long as the weather was perfectly calm; but in
walking against a very light air or wind, a smart-
ing sensation was experienced all over the face,
accompanied by, a pain in the middle of the fore-
head, which soon becafthe rather severe. We
amused ourselves in freczing some mercury dur-
ing the continuance of the cold weather, and by
beating ‘it ot on_an anvil previously reduced to
the temperature of the atmosphere ; it did not ap-
pear to be very malleable when in this state,
usually breaking after two or three blows of the
hammer.” ; '

* The reador will observe that these temperatures are all
below 0 of Fahrenheit's scale.
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§ 11.—Of the Effectsof Heat Sn changing the form of Bodies.
1

Having desaribed the principal phenomena at-
tendant upomxthe eypansion of bodles by heat,
and having woticed the mapner in which it is
propagated through liquids and gases 3y changes
in their densities, and through solids by their con-
ducling powers, we may now proceed to a very
important part of the history of this power of
matter—namely, to itheffects upon the forms or
states of bodies.

Common experience tells us, that shen solids
are exposed to a 'ceruxa;l degree of heat, they
change their state, and are converted into
liguids ; and liqguids, under the same circum-
stances, are changed into vapours or elastic fluids :
these again, by the loss of heat, revert to the
liquid state ; and liquids, by due degrees of cold,
are solidified. Ice, water, and Heam, are familiar
instances of these three states of matter, and the
phenomena attendant oh their production may be
discussed under the hicads Liguefaction and Vapo-
risation. vt

One very important fiict respectiyg the conver-
sion of ice into water has %lrcady been mentioned,
in describing the method of gradaating thertnome-
ters (page 55), namely, that, during the progress
of thawing, the ice and the water always mhintain
an uniform temperature, which is equal to 32° of
oJFahtenbeit’s scale. Suppose, for instance, that
we bring some pounded ice from a very cold place
(say of the temperature of 0°)jinto a room of the
temperature of 60°, the ic® oI course, soon be-
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gins to liquefy, and a thermomcter plunged hto it
rises from 0° to 32°; but there it remains station-
ary until the whole of the ice has melted: tke
water thus formed, then gradually rises to 60°,
which is tht temperature of the surrounding air.
Now it is obvious,, that during the whole process
of thawifg under the circurtistances above de-
scribed, heat must, be entering the ice, but its eflect
is, not to elevate its temperature, but to melt it :
the heat apparently combines with the ice, to
constitute water, but it docs not affect the ther-
mometer.

To hear thus united with bodies, Dr. Black
gave the name of latent or'combined heat; and
he instituted a number of elegant experiments
upon the subject of liquefaction and congelation,
one or two of which may be here detailed: they
are at once simple and satisfactory.

Two similar glass globes were filled, the
one with five ownces of water, which was after-
wards frozen, and the ‘other with water cooled
down to between 32° and 83° but not suffered
to congeal. That which contained the ice was
allowed to remain in ‘a 'warmer air, till the
ice began te mclt, at which time its tempera-
ture was as nearly as possible 32° or 33°. The
two vessels werd then suspended in the middle of
a large room without a fire, or any notable
draught of air, and of the average temperature of
47°.  The vessels, therefore, were in every re-
spect under similar circumstances of temperaturs
within and without, and with siinilar contents,
except that the ane contained ice, and the other
water. The progres$ of heating was then noted.
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L]

In that which held the water, the thermomcter
rose in half an hour t0'40°; but, in the other, it
took no less than ten hours and a Im;lhf before all
the ice was melted and the contents had reached
to 40°. Consequenily, the rate of heating was
twenty-one times slower in the ice vessel than in
that which held the cold water; bui the actual
heat received by the former was obviously nearly
uniform the whole time; and, therefore, it re-
quired about twenty-ome times as much heat to
bring ice to the state of water, and to raise it to
40°, as to raise ice-cold water to the same point.
Or, to express it by another form,—if the water
had continued to receive. as great an influx of
heat as the icc during the whole twenty-one half
hours, its temperature would, of course, have been
raised twenty-onc times as much as during the
single half hour; and, as this was 7°, the whole
would have been twenty-one times 7°, or 1479,
The difference between the gain“of temperature in
the ice and the wateg, with equal acccssions of
heat, is therefore about 140°; and thus 140° is
the expression of that, quantity of thermometric
heat, or temperature, which disappears, or is ren-
dered latent by the separate operation of the
liquefaction of ice ; the actual 2tlantities of matter
in the comparison heing equal *.

The conclusions drawn from the preceding
experiment on the slow thawing of sce, were
verdfied and confirmed by melting it rapid’y by

*mixture with hot water. Thus, if we take any
quantity of finely pounded i%c, or of snow, at

* Aikin’s Chemical*Dictionary,
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the temperature of 82° and mix it Wil{'l an
equal weight of hot wattr, at the temperature of
172°, the whole of the snow immediately melfs,
and the tgmperature of the resulting water is
only 82°. Here, therefore, the water suddenly
loses 140% of heat, while the temperaturc of the
snow remains as at the outsets of the experiment,
and is not at all increased. So that 140° of heat
have disappeared; they have combined with the
snow ; and their ceffect has been, not to raise its
thermomelric temperature, but to convert it into
water. Ice, therefore, when it is converted into
water, absOrbs and combines with a certain pro-
portion of sensible heat, and renders it lafent.
The exact number of thermometric degrees of
heat which disappear during the liquefaction of
ice have been somewhat diffcrently estimated by
different experimentalists. The mean of the whole
is about 140°, which also is Dr. Black’s inference.

From the preceding experiments we deduce this
important general law—that in all cases of lique-
Jaction, a quantity of heat not indicated by, or
sensible to, the thermometer, ix absorbed or disap-
pears ; and that this hea’ is withdrawn ﬁm the
surrounding Vodies, lequing them comparatively
cold. ) &

The cases which we have cited, are thosc of
liquefaction at comparatively low teinperatures,
and rclate to iee and water; but the same laws
are observed in all other cases, and wheres the
temperatures are comparatively high: to theseSf
the term fiwsion is generally applied : spermaceti,
for instance, fuses at 112° and retains that temi-
perature during. its “fusion s0 long as any portion
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remaipns unmelted » when the whole is liquid, and
not till then, its temperature may be elevated
above the fusing point.’ Again; a ladleful of
lead cannot be heated red hot till all the metal is
melted ; and a quantity of red-hot melfed lead is
instantly cooled down ¢o its point of fusion (which
is about 606%) by the addition of a piese of solid
lead. ’ .

That the heat which becomes insensible or
latent, during the liquefaction of ice and other
solids, remains in the liquid, and is not altogether
lost or destroyed, is shewn by the circumstance of
its being again emitted or given out during their
congelation. If a yessel of warm whter be ex-
posed in a very cold atmosphere, the temperature
rapidly sinks to the freezing point, and then it
begins slowly to congeal: if kept in the same
situation, heat is of course abstracted as before;
but the thermometric heat remains stationary at
about 82° till the whole is frozen, after which, the
temperature begins again to sink as before.

Werhaps the result of, this cxperiment is more
explicitly stated as follows* :—1{, when the thermo-
meter is at 22° we expoge a vesscl full of water at
52° to the open air, and beside it another vessel
full of brine, at the same jemperatute, with ther-
mometers in cach, we shall find that both of
them gradually lose heat, and arc’cooled down to
32°, After this, the brine (which docs not frecze
till cooled down to 4°) continues % cod? without
interguption, and gradually reaches 22°, the tom-
perature of the air; but the pure water remains

* Thomsgn, -
*
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stationary at 3%: it freezes,iindeed, but very
slowly; and during the whole process its tempera-
ture is 32°. Now why stould one liquid refuse,
all of a sudden, to give out heat, and not the
other? Is it not much more probable that the
water, as it freezes, gradualle gives out the heat
which it hal absorbed during its liquefaction, and
that this evolution maintains &he temperature of
the water at 32°, ‘notwithstanding what it parts
with to the air during the whole process? It is
easily shewn that water, while congealing is eon-
stantly imparting heat to the surrounding air ; for
a delicate thermometer suspended above it is
constantly iffected by an ascending stream of air
less cold than the air around.

The following experiment also shews that this
evolution of heat actually takes place during
congelation. If, when the air is at 22° we
expose to it a covered glass of water, with a
thermometer in it, the water, if kept quite still,
may be gradually cooled down to 22° without
freezing. It is, therefore, ten degrees below the
freezing point.  1f the water be now shaken, part
of it instantly freezes, and the temperature of the
whole rises to 32°; so that the . acquires 10°
of heat in aw instant. , Now, w comes this
heat? Is it not evident that it i%%derived from
that part of the water which suddenly froze ; aund,
consequently, that water, in the act of freezing,
gives out vieat ? «

There are many instances of the suddey or
rapid liquefaction of bodics, in which the absorps
tion of heat, or production of cold, are more re-
markable and striking than in the cases above
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1

detaijed. When 'ﬁnely owdered common salt,
for instance, is mixed with pounded ice or snow,
a.sudden liguefaction of the solids ensues, and a
proportionate production of cold; they immedi-
ately run down into brine, which does® not freeze
till reduced to nea¥ 0°; and a thermometer
plunged into the smixture sinks nearly to that
point. We sometirfles avail ouyselves 3f this pro-
cess, to remove hard trodden snow from the pave-
ment in winter: it is soon liquefied by sprinkling
a little salt upon it, and the temperature of the
air is seldom low enough to freeze the brine
which is produced. Confectioners gmploy the
mixture of ice and salt to freeze cream in the hot
weather of summer; and the same system is con-
venlently resorted to whencver considerable cold
is required.

In these cases, the disappearance of the heat
is caused by the sudden formation of liguid
brine from 1ts solid constituenis > and the bodics
baing alrcady cooled te 32° the thermometer
will sink about 30°. [t was once supposed that
this was the lowest temperature that could be arti-
ficially commanded ; und hence, probably, our ther-
mometric scale scts out with it: but we now know
that, by careful management, the mixture of eer-
tain materials will afford a much more intense cold.
Among the most effective of these is the mixture
of snow and the salt called chloride of cabcium,
or muriate of lime: the snow sfould be taken
in its light flocculent state, as it falls in a very
cold winter'’s day ; and the chloride, in fine pow-
der, but not deprived of its water of erystalliza-
tion, should be mixed with it in the proportion of

a2
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about three parts to two: the nlixture shoul¢ be
made in earthen vessels, previously cooled, and in
the lowest atmospheric temperature we can com-
mand ; the thermometer will then sink from 82°, to
between 40%and 50° below 0° a temperature at
which mercury freezes. By the successive appli-
dation of freezing nixtures in 2 proper apparatus,
Mr. Walkersuccceded in sinking the spirit ther-
mometer to — 91°% a temperature at which .all
known liquids, with the single exception of ‘pure
alcohol, are converted into the solid form. ' The
following table shews some of the most useful of
these freezipg mixtures, and the tcmperatures
which result from their careful application,

Mixtures. Thermometer sinks.
' Parts
Muniate of ammonia . 5
Nitre . . .o » 5] From 50°to10°
Water . . .16 |,
- 5 —iif

Nitrate of ammonia . 1 : o o
Water X 1 From 50° to 4°. .

. . s o
Sulphate of soda .50 N
Diluted sulphu%lc acid 4e From 50° to 3°.

Snow . . . . 1
Common salt . « . 1 From 32° tv 0°,
L]
L]
Muriate of lime . .
Soow . . . .

From 32° to — 50°,

rw

Snow . . . 2
Diluted sulphuric acid { From = 10° to — 560, *
Diluted nite# Bcid , ¢
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Mixtures. . Thermometer ginks.

Parts
Snow or pounded ice . 12 .
Common salt . » 5] From18°to — 25°.
Nitrate of ammonia . 5

h3
2 * 2
[

Muriate of lime . = . 3| prom — 40°‘to — 730
Swow. . . .1 ’

| s__,".\...._ - —_—— - —_— -
Djluted sulphuric acid 10
. . 8

Spow . . From — 68° to — 91°.

Whenever ice ean be procured, *its mixture
with common salt furnishes the cheapest and
most effectual of all the freezing mixtures ap-
plicable to the common purposes of life; but
when it cannot be obtained, we often conve-
niently avail ourselves of the two first saline
combinations in the preceding table: either the
mixture of muriate of gmmonia and nitre, or of

itrate of ammonia and water, may be econo-
mically used, and the salts may again be obtained
in a fit state for repeated usc, by evaporation. In
employing them to cool a bottle of champagne,
for instance, a vessel should be Zclected a little
larger, and nearly as tall as thg bottle ; it should
then be filled with the coldest pump-water that
can be procurcd, and the bottle placed jn it.: about
four ounces of the salt in fine gowder’ should be
sprinkled upon the shoulder of the bottle, so as,

* gradually dissolving, to fall or run down its sides ;
as the salt dissolves, the bottle should be gently
turned in the mixture, and kept in it till an im-
mersed thermometer tells ug® that the temperature



86 EFFECTS OF HEAT

. .
is rising, which will be in about twenty minutbs or
half an hour. ‘

As liquefaction is to the surrounding bodies
always a cooling process, and as sudden liquefac-
tion products a sudden degrge of cold, so solidifi-
cation or congelatipn is to surrounding substances
a heating Jrocess; and when St takes place sud-
denly, a proportionably sudden clevation of tem-
seraturc is the consequence. In the experiment

escribed in page 16, a solution of Glaubet’s' salt
is made suddenly to crystallize ; and if the hand
be applied to the flask, it will be found to become
sensibly wgrm. When water is poured upon

uick-lime, a sudden solidificalion of a large por-
tion of water is effected, in consequence of its
attraction for the lime, which crumbles down into a
dry white powder, and a great evolution of heat
eusues, as we see by the steam which makes its
escape in the ordinary operation of slaking lime.

From the views then, which we have taken of
the constitution of liguids, it is obvious that they
may be considered as combinations of solids with
heat ; that, consequently, wlien they revert to the
solid state, they give out ‘théir heat of Buidity,
which, previogsly latent, or insensible 1o, er-
mometer, now becomes%ensible, in conscqéggice of
the change of siate: on the other hand, when
solids are converted into liquids, they absorb or
combiiie yith that portion of hicat which is requi-
site 10 their respective fluiditics.

We may now proceed to examine tke t;[ﬁ:cfs ofe
keat upon liquids.

When liquids are heated, they are converted
with more or less ,ficility into invisible elastic
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fluids, or vapours. When water is heated in
open vessels, its tempertiture gradually rises, and
vapour is seen to form on its surface, which
increases till the thermometer rises to about
212°, which is callod,the boiling point of water;
it is then violently agitated, awd gradyplly disap-
pears in the fown of steam: by, although
the source of heat is continued, the tempera-
ture of the water remains stationary, and both
it, and the steam, continue at 212°. There are,
therefore, in this simple operation, two lead-
ing circumstances to be attended to, which are
very important in their application sand conse-
quences : these are, the degree of expansion
which the water suffers by conversion into vapour ;
and the cause of that uniformity of temperature to
which we have adverted, and which has been
above noticed as furnishing one of the fixed points
for; thermometric graduation. (See page 56.)
in regard to the bulk of st@um formed by a
given bulk of water, it hppears from the experi-
ments of Gay Lussac, that a pint of water is con-
vertible into 1689 pints of steam, at the tempera-
ture of 212° (the barometer standing at 30 inches).
Mr. Watt conceived the bulk of steam to be about
1800 times that of the 'water; and others have
far exceeded cven Watt’s cstimale : we may, how-
ever, adopt that of Gay Lussac .as the mogt accu-
rate.
Steam is an invisible elastic fAuid like common
* air, and possessed of similar mechanical proper-
ties. We are, it is true, in the habit of associat-
ibg a smoky appearance with steam, because we
generally observe it when % is beginning to be



88 FOGS, CLOUDS, AND‘ RAIN.

condensed ; as when it escapes, for instance, from
the spout of a teakettle; but, when perfectly
formed, it is quite invisible, as may be shown by
boiling water in a flask, when perfect transparency
will exist it the upper part,of the vessel which is
filled with the hot vapour; and it only becomes
visible wﬁgn it escapes into the air, and suffers
incipient condensation.

The same general fact, in regard to the-visi-
bility of vapour, is shown by the produékitn of
Jogs, which are occasioned by the mixture of
warm with cold air; the general depression of
temperatum thus produced, rendering the aqueous
vapour visible, in consequence of its partial con-
densation. This partial condensation does not
amount to the actual precipitation of water, or
rain ; but consists of a multitude of thin vesicles ;
and hence the appearance is often called vesicular
vapour : they constitute clouds, mist, dew, and
fogs. Clouds, therefore, are formed, whenever
two masses of air, of difierent temperatures, agd
each saturated with moisture, meet and mix toge-
ther ; but what it is that subsequently cauges,the
condensation of the vesigular vapour, and Yre-
cipitation in the form of rain, is not exactly¥

Steam, as we have shid, is produced by heating
water to 212° under common barometricel pres-
sure, the thermqmeter remaining fixed at that
point, whiciis, gherefore, called the boiling point
of water. Bul this point, or lemperature, vgries
with, and is immediately dependent upon, the
pressure o which the surface of the water is
exposed ; it is also, to a small extent, affected
by the nature of the Yessel containing the water.

td
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In a metallic vessel, when the barometer stands
at 30 inches, pure water boils at 212°; but
when the barometer falls to 29 inches, the boil-
ing point of water is lowered very nearly to
210° Of course, the;efore, we find & very con-
siderable diminution in the boiling point of water
upon the summits of hills and mountaing,and other
elevated situations; and a very delicale thermo-
meterindicates a lowering of the boiling point even
at the'§op of high buildings. Saussure found that,
at the top of Mont Blanc, water boiled at 187°.
Now, it has been shown that, for every half inch
of variation in the barometer, the boilipg point of
water varics eight-lenths of a degree; ~conse-
quently, every tenth of an inch that the barometer
rises or falls, either elevates or depresses the boil-
ing point by 0.176 of a degree.

TKese circumstances respecting the boiling point
of water are here mentioned, to show that even
the ordinary changes in the height of the baro-
mter will materially affect it. In this country
the mean height of the barometer is a little short
of 30 inches: it very rarely rises higher than
81 inches, or falls below 28.5; so that from this
cause alone, there will be a variatign in the boil-
ing point of water of beteen four and five de-

ees, .

But if, as has already been remarked, the pres-
sure be more considerably diminished, by, aftificial
methods, the temperature at which liquids boil
evill be proportionatély lowered; and hence we
often use the terms boiling and ebullition to signify
the rapid conversion of water into vapour, inde-
pendent of the temperatule, at which it takes
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place: using the term in this sense, we shall
resently have occasion to point out a case of
iling. at the freezing temperature.

The air-pump is a very useful instrument for
showing the influence of dipninished pressure upon
boiling ppints.  If, for instance, we place a glass
of water gf the temperature ¢f 90° or 100° under
the receiver of the air-pump, and remove the air’s
pressure upon it, we shall observe that the water
soon boils violently at that temperature; and
would continuc so to do, but that the space in
the receiver becomes filled with an atmosphere of
vapour, which, exerting its pressure upon the
water, again prevents ebullition.

If we use liquids which, under ordinary circum-
stances, boil at temperatures bclow that of water,
we shall find them boiling in vucuo at propor-
tionately low degrees; this is the case with ether
and with aleohol, which, under the above circum~
stances, readily”boil at all common temperatures.

It may not be improfer herc to observe, that
we are in the habit of applying the term vapour to
all those clastic fluids which are easily reconvert~
ible into liquids: steam is ecasily converted into
waler by lowering its temperature a few. degrees ;
and those liquids whi¢h have low boiling points
are especially tonvenient for illustrating these
changes ; such,,for instance, as cther ot alcohol ;
and as «ether js only sparingly soluble in, and
much lighter than watcr, it may convenienyly be
used in the following simple, but illustrative expet
riment,

Nearly fill a glass tube abuut three feet long,
and half an inch diatheter, with water ; then pour
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a little ether upon the surface of the water;
and closing the open end of the tube carefully
with the palm of the hand, invert it in a basin of
water, as shown in the annexed cut : the ether will

risc through the water, and occupy the upper end
of the tube, & ; retainihg’at common temperatures,
its liquid state ; butif we now pour a litgle hot water
upon the exterior of the tdbe, it presently causes
the ether within, to boil, and its vapour may thus
be made to drive nearly the wholg of the water out
of the tube into the basin below : the ethey ftains
this elastic or vaporous state, so long as its tempe-
wature is sufficiently high ; that is, above 100° ; but
if we now cool the tube, by suflfering some cold
water to dribble over it, we shall observe the ethe-
rial vapour return to its liquid #tate, and float upon



92 GASES NOT EASILY CONDENSIBLE.
.

the water as before: At tem;;eratures above 212°,
water would be in the game predicament as ether.

‘With regard to the bodies usually called gases,
they are not thus easily condensible: a few of
them become liquids when considerably cooled,
and several others when %Subjected to great pres-
sure; bat at ordinary templl,ratures and pressures
the gases‘are permanently clastic.

The following apparently paradoxical experiment
illustrates the influence of diminished pregsuye in
facilitating ebullition. Insert a stop-cock securely
into the neck of a Florence flask containing a little
water, ang heat it over a lamp till the water boils,
and the steam escapes freely through the open

stoptcoghe; then suddenly remove the lamp and
close the cock; the water soon ceases to boil;
but if the flask be now plunged into a vessel of
cold water, ebullition instantly recommences, but
it again ceases on holding the flask near.the
fire, or over the Jalnp. In this experiment the
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air is driven out of the flasi}%nd an atmos-
phere of steam included within it, which, upon
immersion in cold water is condensed, and a
vacuumn formed above the water, which, upon
the principle already noticed, boils under the dimi-
nished pressure: the vhcuum is kept up by the
successive condensations of the portions of steam
formed, and the boiling goes on as long as the
water in the flask remains sufliciently warm; but
if it be femoved from the cold medium, and espe-
cially *if it be warmed, a new atmosphere of
steam is formed, the pressure of which prevents
the recurrence-of ebullition. .

Boiling in a more or less perfect vacuum, is
sometimes resorted to upon a large scale in the
arts ; it has been very successfully applied to the
refining of sugar, the syrup being thus concen-
trated to the granulating point, without the risk of
burning or decomposing it by any excess of heat.
The same plan has also been resovted to in the
Pharmaceutical Laboratory, in the preparation and
distillation of certain medicinal substances, the
properties of which areeasily impaired by heat.

If we now reverse the state of things which has
just been cxplained, and ekpose liquids to an in-
creased pressure, we shall yroportionately elevate
their boiling points. Papin contrived an instru-
ment for this purpose, which was called a digester.
1t was a cylindrical copper vessel, Having a lidrve
nicely fitted to it and secured by scfews. ‘If suc
a vessel be about Lalf filled with water, with the
lid closely secured, and then put upon the fire,
steam is soon formed; but, having no. escape, it
presses upon the water, anduprevents the further
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formation of steam till the temperature of the
water rises above the oboiling point. This heat
being conveyed to the steam, it now receives ano-
ther portion of vapour without being condensed,
and thus Yhe quantity and the elasticity of the
steam are continually incredsing with the tempera-
ture. Wpter has in this way been raised to the
temperatute of 4}19° or even above it; for Mus-
chenbroek asserts that he raised the temperature
of the water high enough to melt tin, which re-
quires a temperature of 440°.

At the temperature of 419°, the elasticity of
steam is }050 times greater than that of atmos-
pheric air; so that it exerts spon the inside of the
vesscl in which it is pent up, a force of at least
14700 pounds on each square inch; a pressure
80 enormous, that few vessels can resist it, and,
consequently, the source of many serious acci-
dents ; which, in the applications of high-pressure
steam, are guarded against by safety-valves and
other similar contrivances*. p

For experiments of thi§ kind upon a small and
safe scale, the following is-a good form of appa-
Tatus :—¢ is a strong btass globe, compoged.”of
two hemispheres screwell together with flanehes ;
a portion of quicksilver is introduced into i§, and
it is then about half filled with water: b is a baro-
meter-tube passing through a steam-tight collar,
and dippipg i)lt(’) the quicksilver at the bottom of

* The ‘gowerful effects of high-pressure steam are illus-
trated upon a small scale by the little glass hubbles cort-
mounly called cardle or fire-crackers ; they are hermetically
sealed, and ‘contain a drop of water, which occasions then
to burst with great violenee when sufficiently beated.
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the globe: cis a thermometer graduated to about
400° and also passing through an air-tight collar:
d is a stop-cock, and ¢ a large spirit-lamp. The
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whole is supportéd upon the brass frame and
stand 1 Upon applying heat to this vessel, the
cock being closed as soon as the water boils,
it will be found that the temperature both of the
water and of its vapour, increases with the pressure,
the extent of which is measured by the ascent of
_ the mercury in the barometor-tube. The ther-
mometer, “under an atmosphieric pressure of 30
inches, being at 212°, will be clevated to 221.6°
.under an additional pressure of 5 inches of mer-
cury ; and to 269.6° under an additional pressure
»pf 30 inches, or one additional atmosphere or
. thereabouts ; cach inch of mercury, above 30, pro-
Aucing by its pressure a rise of about 1.92° in
the thermometer. The barometer-tube also serves
the purpose of a safety-valve, the strength of the
brass globe being such as to resist a greater

pressure than that of one atmosphere.

The temperalure of steam 1is always the same
as that of the liguid producing it; hence the
high temperature of steym generated under pres«
sure: and as this elevation of temperature may be
accurately regulated by the degree of pressure,
high-pressure steam is often conveni applied
as a source of steady heat. e

We are now to shew, more particula!
production of vapour is in all cases dttended by
loss of sensible heat ; and that, as in the case of
liquefactign, heat disappears, to constitute the
liquid, so, in ali cases of evaporation, heat becomes,
to a much greater extent, latent in the vapour.

The fact already adverted to, that we cannoi,
under ordinary circumstances, raise the tempera-
ture of water above 212°, although Leat continues
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as before to flow into it, shews that the heat must
be latent in the steam, the temperature of wiich
does not, however, exceed that of the water whichs
produces it : and again, when water, as in the
reccding experiment with the bras§ globe, is
Eeuwd under pressurc’to a temperaturc above its
ordinary boiling poiit, the moment that®hat press
sure is removed by suddenly opening the cock, a
quantity of steam rushes out with great violence,
and the remaining water has its temperature imme-
diately lowered to 212°.  The quantity of water
in this case, which constitutes the lost steam, is
very small) yet it carries ofl' the whola cxcess of -
heat from that remathing in the globe. i
Dr. Black instituted some very ingenious, and,
at the same time, simple experiments, to determine
the actual loss of heat during the conversion of
water into steam ¥, e heated water in a tin
vessel up to its boiling point, and noted the time
required for the purpose. The wmme heat was
then continued till the evhole of the water was
evaporated ; and the tithe taken up by that pro-
cess was also noted. Now, since, on the one
hand, the accession of Bgat was constant, it was
casily computed how high' the tempesature would
have been, supposing the %ise to have gone on
above 2129 in the same ratio as belowit; and,
on the other, as the temperature of the steam was
not raised, it was inferred that all tlne aecassion of
heat from 212° was essential to the very state and
L} . .
gonstitution of steam at that temperature ; this
quantity was estimated at about 810°%; that is to

* Aikin's Dictibnery,
¥
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say, that the same ‘quantity of heat which is re-
quired totally to evaposate boiling water at 212°,
would be sufficient to raisc the water 810° apove
the boiling point, or to 1022°, if it had remained in
the liquid state.

On the other hand, when steam is again con-
densed into water, it neccsshrily gives out the
latent heat which was esscntial 1o its state of va-
pour, and which, being then set free, will raise
the temperature of adjacent bodies as much more
than an equal weight of boiling water would do,
as the latent heat of steam cxceeds that of the
water.

The small boiler represented in the annexed
cut may be conveniently employed in these expe-
riments on the latent heat of steam*.

For this purposc the tube ¢ must be screwed on

i s 3 Inches

# Iferey's Elem. Chim.
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the stop-cock 5, and immersed into the glass of
water f. The cock ¢ sbeing closed, the steam
arising from the boiling water a will pass into the
cold water f; the temperature of which will be
much augmented by its condensation” Ascertain
the incrcase of tempbrature and weight, and the
result will show how inuch *a giver® weight. of
water has had its temperature yaised by a certain
weight of condensed steam.  To another quantity
of water, of the same weight and temperature as
that in the jar at the outset of the experiment, add
a quantity of water at 212°, equal in weight to the
condensed steam ; it will be found, og comparing
the resulting temperatures, that a given weight of
steam has produced, by its condensation, a much
greater elevation of temperature than the same
quantity of boiling water. If, for instance, 100
gallons of water at 50° be mixed with | gallon at
212°, the temperature of the whole will be raised
by about 13°. But if a gallon’=f water be con-
denscd from the state &f steam in a ¢till tub con-
tdining 100 gallons Sf water, the water will in
that case be raised 11°. A gallon of water, there~
fore, condensed from sttam, raises the temperature
of 100 gallons of cold whter 94° moge than a gal-
lon of boiling water.  If the heat imparted to 100
gallons of water by 8 pounds of steam could be
condensed in 1 gallen of water, it would raise it
to 950°; and a gallon of water cogvgmed into
steam of ordinary density, contais as mu~h heat
o328 Would bring 51 gallons of ice-cold water to the
boiling point. The quantity of ice which is melted
by steam of mean density is invariably T3 times
the weight of the steam.  * .

H 2
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Iaving thus explained the circumstances under
which vapour is formed st high temperatures, it
may be necessary to observe, that preciscly the
same laws preside over its production at low tem-
peratures ; that the constitution of vapour, there-
forc, is alwavs the same. “‘When water slowly
evaporaics*ander exposure 1o ar, its vapour mixes
with the surroundipg atmosphere, and the process
is usually called spontaneous evaporation ; it
takes place at all temperatures, and with a rapidily
proportionate to the dryness of the air, and the
velocity of the current passing over it: thus, in
some of ouy manufactories, where large quantities
of liquids are to be evaporated, instcad of heating
or hoiling them in the usual way, a current of hot
air is made to pass over the surface of the fluid.

1t bas just been stated that the vapour slowly
formed in cases of spontaneous cvaporation, is
similarly constituted to that produced by rapid ebul-
lition ; that is, &here is the same loss or abduction
of sensible heat in the ¢~e¢ case as in the other.
The exhalation of humidity, thercfore, which 1s
almost constantly going on from the earth’s sur-
face, powerfully modifics' natural temperatures,
and prevents accumulation of heat; the vapour
forms mists and cloudsrand when these are con-
denscd into rain, their latent heat is again given
out in the upper and coldaegions.” Hence we
obscrve.hoy important a part vapour performs in
natural phenonfena, considercd as a mere cayrier
of heat. ‘ v,

By inducing rapid evaporation at common or
low temperatures, we have it obviously in onr
poweg, to produce gotsiderable degrees of cold.
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If a wet cloth is spread out in a keen wind at a
temperature a few degwees above freezing, the
waler, by its rapid evaporation, soon carrics off so
much heat as to frecze the remainder, making the
cloth hard and stiff by the formation of ice within
its porcs.

There is no liquid better caltulated for making
experiments on the cold produecd by spontaneous
evaporation, than common sulphuric ether; it is
extremely vaporisable at ordinary temperatures,
and if we pour a little of it into the palin of the
hand, and blow gently upon its surface, we ob-
serve that, as it disappears in vapourga very sen-
sible degree of cold® is produced.

It we fold a strip of cambric round the bulb of
a small thermometer, and suffer ether to dribble
over it from a dropping bottle, at the same time
accelerating the cvaporation by blowing gently
upon it with the mouth or a pair of bellows, we
shall obscrve the mercury fall to several degrees
below the freezing poimt ; and if we substitute for
tle thermometer a thin glass tube containing a
small quantity of cold water, a little dexterous
management will cnabl® A by the same means to
freeze it.

This congelation of water by the N.lpomtlon of
ether furnishes, by the help ofs the air-pump, a
very striking experiment. Proyide a small thin
glass flask, which fits tolerably close anter a bell-
shaped wine-glass, as reptescntcd m the ncxt page.

«Pour alittle good cther into the flask, and some cold
water into the wine-glass, so that each may stand
at about the level a, and place the whole apparatus,
thus arranged, under the Yeqgiver of an air-pump.
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During exhaustion, the ether will boil, that is, it
will very rapidly pass off in the state of vapour.

~ =

Now, the vapour of ether, like all others, requires
heat for its formation, and this it takes from the
surrounding hodies, and, among the rest, {rom the
adjacent watem svhich soon freezes in consequence
of the loss of that portion of heat which was
essential to its fluidity, but which has becn carried
away and pumped out in theé etherial vapour. 1t
sometimes happens that the success of this experi-
ment is prevented by thé cther boiling over into
the water, and so previenting its congelation ; but
this may be guarded against by putting a little bit
of wood or paper into the ether, which causes it
to boilwegularly, and prevents sudden jets of
vapour.

There is an experiment yei more illustrative of
the absorption and disappearance of - sensible heat
during evaporation, which consists in freezing
water by causing it tapidly to evaporate; it is_
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performed as follows : upon the plate of a good air~
pump place a flat shallpw glass dish, a, about
hal( filled with sulphuric acid, and a little above it
a tin or copper basin B, threc parts filled with
water, with a small therinometer ¢ immersed in it.

*This basin, which shbuld be of the shape shewn
in the cut, may be vonveniently supported upon
three glass legs b, signding in the acid. Over
the whole place an air-fump receiver, not larger
than requisite, and proceed to withdraw the air.
We first observe the escape of aix from the water ;
the thermometer gradually sinks ; the water then,
in consequence of the rapidity of its gvaporation,
appears to hoil ; and if the whol® apparatus is in
ood order, it freczes in the course of five or ten
minutes. The use of the surface of sulphuric acid
hgre, is to absorb the aqueous vapour, which it does
very energetically, and cosgquently occasions a
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constant fresh call upon the water for its formation.
Now we have shewn that vapour cannot be pro-
duced without the absorption of heat ; and, in the
case before us, the heat requisite to convert one part
of the watec into rapowr is tuken from the other
Sluid portion, which, thus Jocing the heat that con-
stituted its fuidity, kecomes soli 1, or freezes. There
is another phenomenon often” observable in this
experiment, which is, that the temperature of the
water falls several degrees below  the freezing
point, before congelation takes place ; but the mo-
ment that the water freezes, it 11ses to 32°, in con-
sequence of the escape of the residuary latent heat.

Mr. Lesife, who contrived dhe preceding expe-
riment, has, proposed it as ‘u means of procuring
ice in hot climates, and suggests for the purposc,
a large shmple air-pump, capable of exhausting six
or cight receivers at a time.  He has also shewn,
that parched oatmeal, and certain dried carthy
substances, mgy, be substituted, as absorbents, for
the sulpluric acid; but thgy are far less cffectual.
The fact is, that the experimnent is very interesting
and curious as a philosophical illustration of Ahe
effects of vaporization, but does not at present
appear susceptible of economical applications.

Dr. Wollaston’s cgyophorus, or ice-bearer,
illustrates the same general facts, in a more simple
manner than the preceding ; it depends upon the
same coumon principle, but the vacuum and the
evaporation arc”brought about in a different way.
A tube of the shape annexed, has a bulb at éach,
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extremity, onc of which is half filled with water;
the interior of the tube s perfectly exbausted of
air, the consequence of which is, that the water in
the bulb is greatly disposcd to evaporate; but
this evaporation can only proceed to a tertain ex-
tent in consequences of the pressure of vapour
within the tube sogn preventing its ferther pro-
gress. To get rid of this, to kegp up the vacuum,
and to occasion a constant demand upon the
water for the fresh formation of vapour, the empty
ball is plunged into a freezing mixture, which
continually condenses the vapour within, and so
accelerates the evaporation of the water in the
other bulb, as to cause it ultimately’ to freeze.
The success of this experiment, when it is at-

jemed in a warm room, where there are several
persons, is often frustrated by the rapid deposition
of moisture, arising from the condensation of agrial
vapour upon the water-bulhy an cffect which may
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be prevented by protecting it from the free access
of fresh portions of air, ky immersion in a covered
glass, as shown in the preceding sketch, which
also represents the cmpty bulb surrounded by a
freezing ntixture of pounded ice and salt.

The intermediate tube between the bulbs of the
cryophorue may be of any lenuth; about two feet
is most convenient, for when longer it is very
apt to be broken.

There are many cases in which we resort to
accelerated evaporation at common temperatures as
a source of cold, without, however, carrying it so
far as to produce ice. The sprinkling of floors and
pavements with water tends te cool them and the
air, by its evaporation at summer temperatures:
wine-coolers are porous earthen vessels, which are
dipped into water, and, during exposurc to air,
become cooled by its escape from their surfaces in
the form of vapour; and in some hot climates,
porous bottleswore filled with water, and suspended
in a current of air ; the water oozes to the surface,
whence it is rapidly removed by evaporation, ahd
cold is conscquently produced. '

a

§ 12,—0f the Steam Engine.
a

So man¥ of the phenomena attendant on eva-
poration and liquefaction are illustrated by the
action a.pd‘principles of the steam-engine, that it
may be worth while to refer to the construction
and operation of that instrument, as eluciddting,
several points of discussion already adverted to.
We are the more induced to this, as the subject is
in itself extremely simplc and intelligible, and yet
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not so generally comprehended as it should be,
considering how much has been cffected of late
years by these admirable machines,

The action of the steam-engine depends princi-
pally upon the two leading properties of steam
which have been dwele upon—namely, its ezpan~
sive force, and ilscasy condensalion.® To take
the most simple view of these ag moving powers,

let « represent a glass tube with®a Bulh at its
wek end. It is held in a brass ring, to which a
wooden handle b is attached, and contains a piston
¢, which, as well as its rod, is perforated, and may
be opened or closed by the %sgrew at top d : it is
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kept central by passing through a slice of cork ate.
‘When uscd, a little waver is poured into the bulb,
and carefully heated over a spirit-lamp ; the aper-
ture in the piston-rod being open, the air is thus
expelled, “and when steam freely follows it, the
screw may be closed, wken, on applying cold
to the butb, as, fur instance, putting it on the sur-
face of a little mercury in a glass, the included
steam is condensed, and a vacuum formed, which
causes the descent of the piston, in consequence
of the air pressing upon it from above. On
again, holding the bulb over the lamp, steam is
reproduced, and the piston again forced up, and
thesc alternate motions mdy be repeatedly per-
formed by the alternate applications of heat and
cold. This instrument gives a tolerably correct
notion of the application of steam in the old
engines, where it was employed conjointly with
the air’s pressure as a moving power,

In the mest perfect construction of Watt's en-
gine, steam is exclusivek; employed both for ele-
vating and depressing the piston ; and the follow-
ing diagrams and deseription may perhaps enable
the reader to understand tie very ingenious method
in which it is thus applied :—

-
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a is the steam-pipe issuing from the boiler, and s centrived
as alternately to deliver steam into the cylinder b, above
and below the piston e.

bis the main cylinder of the engine.
¢ is the piston, with the piston-rod g’nssing through an air-

tight collar at the top of the Cyljnder, which is com-
monly called the stugling-box,
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2 is the edwction-pipc, by which the steam, having per-

formed its duty in the ‘®ylinder, makes its escape into
the condpnrser. ’

¢ is the condenser, immer.cd up to the level g, in a cistern
of cold water.

J/; the injection-cock, by which a small jet of cold water is
admitted into the condenser.

k, a pipe commfunicating with a pump called the air-pump,
by which the condensed stcam and injection-wuter are
continually pumped out of the condenser: it also

wPumps out the air, and keeps a constant vacuum in the
cylinder and condenser.

¢ represents the movecble plug of a cock which hastwo pas-

’
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sages, and which opens alternate communications with
the steam-pipe and the. &luction-pipe. In fig. 1 this
plug is shewn in the position which admits the steam
to pass into the cylinder albove the piston: in fig. 2
the plug has shifted its r.osition, nq? noy admits the
steam to pass into the cylinder below the piston : in the
former case the condghser is open to the space below
the piston; in the 2utter, to the space above the piston.
’

Lect us now suppose a vacuum to cxist in the
cylinder b; the steam passes through the pipe
a, in the direction of the arrows (fig. 1.), and
entering the cylinder above the piston, immediately
forces it downwards. The piston havipg reached
the bottom of the cydinder, the plug of the cock 1
shifts its position, and is now as represented in
Sig. 2; the stcam enters as hefore at @, and passes
in the direction of the arrows to the bottom cylin-
der, s0 as to clevate the piston.  Itis obvious that
this action could not take place unless the steam
by which it had previously been depressed, were
removed ; this thereforg makes its escape by the
eddction pipe d, (fig.2), and passes into the con-
denser e, where it reverts to the state of water,
and is got rid of by tie air-pump through the
pipe hz}i)g. 1). The pifton being pow in the
position represented in fig. h, and the plug having
again shifted its position, the stcam enters above
the piston as before, while the space under the
piston has now a free communication, with the
condenser by the eduction pipe d ¥ so that the
steanf, which had first been active in raising the
Exstun, is mot in the way of its depression. I

ave here represented and described what ¥hay,
perbiaps, be called the simpledt form of this engine,
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in order to render its principle as intelligible as
diagrams adiit.  Instéad of the four-way plug i,
sliders or - sliding valves arc generally used, as
being less liagle to wear, and more casily kept
Air-tight ; but-In all cases the same alternate com-
munication with the boiler &ng with the condenser
is effected. ‘ .

§ 13.—O0f Radiant Matter.

The heat which we perecive on standing in the
sunshine, and on approaching a fire, or other
luminous and heated bodies, is commonly called
radiant keat, and is presuméd to be produced by
the emanation or radiation of a highly attenuated
form of mattcr, from the sun and other bodies.

In the sun’s rays this form of heat is intimately
blended with light, and their joint efleet as che-
mical agents is cxtremely interesting and curious.
‘We have abeve adverted to the influential effects
of light upon some of the phenomena of crystalli-
zation (page 15); and in other cases they are
equally and even more remarkable.

No one can have fiiied to obscrve @he dif-
fercnce betveen wvegelables thriving in the full
enjoyment of solar light, and those which grow
in obscure situctions; or which are entirely de-
rtivcd of its agency. The former are of bril-

iant tints, the latter dingy and whitc; in the one,
the various séCretions come to perfection ; in the
other they are either modified or disappear. Of
this, pumerous fumiliar instances might be cited,
“wespgimlly among our esculent vegetables. The
« Rhefg¥of a potato produced in a dark cellar are

-
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white, straggling; and"diﬁ'ehe:ﬂy formed from those
which the plant exhibits under its usual circums-
stances of growth. Celery is cultivafed for the
table by carefully excluding the infuenge of light
upon its stem : this is effected by hefiping the soit
upon it so as entirejylto screen it fromythe solar
rays; but if suffere {o grow in‘the ordinary way,
it soon alters its aspect, throws out abundant
shoots and leaves, and instead of remaining white’
and of little taste, acquires a deep green colour,
and a peculiarly bitter and nauseous flavour. The
interior or heart of endive is not eatable, “unless
protected from light i if exposed to it,eit becomes
disagreeably bitter and tough. The heart of the
common cabbage is another illustration. The
rosy and coloured aspects of the side of fruits ex-
posecd to the sun are referable to the same cause.
Changes yet more remarkable have been observed
in plants vegetating entirely out of the access of
light. In visiting a coal mine, Prof®ssor Robin-
son, found a plant with®a large white foliage, the
form and appearance of which were quite new to
him : it was left at the mouth of the pit, when the
subtcrrahcan leaves died gway, and common tan-
sey sprung up from the root. i

In the antmal creation tfe influence of light is
cqually cvident. It is curioud to temark the dull
and dingy tints of polar and subtcrvanean animals,
as contrasted with the gaudy and brighwr colours
of thqse which inhabit the tropical regions of the
globe, and enjoy the full sunshine. the human
species, too, a duc quantity of light i8 requisige to
headth : miners are generally pallid add unhealthy ;
and the inhabitants of the dark alleys and courts
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of Landon Sndicate a similar want of its beneficial
- influence; though in tHese cases bad air and poor
* diet also, contribute to want of health.

) ‘14.—:Oftke Chemical Eﬂ;cn of Radiant Matter.

The colnmon operations of the laboratory fur-
nish us with some striking illustrations of the
-influence of light in promoting the chemical
agencies of bodies.

There are two gases, called kydrogen and chlo-
rine, which, when mixed and kept in the dark,
are nearly,without action upon each other; but
if exposed to the light of day, they soon act upon
each other, and unite to form muriatic acid ; and
if the sun shines directly upon the bottle contain-
ing them, it not unfrequently happens that they
inflame and explode in consequence of the energy
imparted to their attraction by the solar rays.
Some of the salts of and of silver are re-
markably susceptible {¢#%.0f the chemical agency
of light : the nilrate of silver may be selected’ by
way of illustration. If a piece of paper be dipped
into a solution of this salf, and kept in therdn&, it
suffers no wpparent change; but if exposed to
light, it soon becomes purple, brown, and black:
changes of colour depending upon a chemical
change suffered by the salt. A pretty experimeut,
shewing the action of light upon nitrate of silver,
was devised By Mr. Wedgwood : a piece of paper,
or other convenient material, was stretched upoa
a frame and sponged over with a solution of the
salt’; it was then placed behind a painting upon
glass; and the light, traversing the painting, pro-
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duced a kind of copy of it upon the prepared
paper; those parts in wlfich the rays were least
Intercepted being of the darkest hues. .

Scheele was the first to whom the ingenious
idea occurred of ascertaining whether All the rays
. possessed similar cljemical powers, or whether
they belonged morelexclusivelyko one dolour than
to another ; and he found, upon refracting abeam
by the prism into its seven primary colours—
namely, red, orange, yellow, green, blue, violet,
and indigo, and throwing them upon a piece of
paper prepared with nitrate of silver, that the
greatest blackening eflect was prodyced by the
violet ray, and that ¢he decomposing or chemical
powers of the prismnatic spectrum, as this assem-
blage of colours is called, gradually decreased
towards the red ray, wherc scarcely any effect was
produced. This result was quite contrary to ex-
pectation ; for one would, of course, have antici-
pated the greatest cffect in the mest luminous
part of the spectrum—znamely, about the yellow
and green rays, *

It was, however, afterwards ascertained that
certain invisible rays, ®ccupying a place in the
spectrum just beyond the violet exiremity, pos-
sessed a greater pawer of uffecting the above and
other chemical changes, than the.violet rays them-
selves ; and it has, consequently, been inferred that
such distinct rays enanate from the sux, possessed,
as their. place in the spectrum sflews, of great
xefraifgibility ; and that the coloured rays (and
their mixture, constituting white light,) derive
their chemical powers from the admixture of these
highly refrangible and chémjcally acting rays,

12
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which are most abundant at the blue end of the
spectrum, and gradually «decrease towards the red
or least refrangible rays,  Thus, it was found that
the greatest blackening effect upon the salt of sil-
ver was produced just beyond, and out of the
violet ray: the other peculiar chemical effects tog
which we wre now.advertipg were also most na-
nifest in the sam: spot. It must, however, be
observed, that the place occupied by these rays in
the spectrum depends, in some measure, upon the
nature of the mediun by which the light is re-
fracted.

Many ygars ago, Morichini thought that he
had communicated magnetism to steel wires, by
exposing them to the rays of videt light. So
curious a result attracted much notice, and his
experiments were repeated by several cminent
philosopliers with very various success: it was
generally, however, presumed that he was mis-
taken in his ~onclusions, and that the needles had
acquired magnetism frong, some other sources.
The subject has lately beer resumed by Mrs. So-
merville, who, from a scries of apparently well-
conducted experiments, asvived at the same con-
clusion as Morichini. It must, however, be
confessed, that there are many difficulties in ﬁo
way of attaining. perfectly uncxceptionable restls
in these experiments ; and whether magnetism is,
or is not, producible by the sole influcnce of
light, is a queSiion not definitively settled.
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§ 15.—0f the Heating E.'ﬂi-cls of Radiant Maiter,

It is now time to advert to another peculiarity
in the prismatic spectrum which relateso its keat-
ping power. If wegcause the spectrum to fall
upon a sheet of paper, and graduall} pass the
hand through it, from the vidlet to the red end,
we shall perceive the latter to be sensibly warmer
than the former; and, on applying a delicate
thermometer in the differently coloured rays, it
will be found scarcely affected by the blue: in the
green it rises; and in the red, shewsgan increase
of several degrees of temperature,

The observation of this fact suggested the pos~
sibility of the heating power of the spectrum ex-
tending beyond the red ray, and, on applying
a thermometer just out ofthe red ray, and beyond
the limits of the visible spectrum, this was found to
be the case. A thermometer in thesred ray rose
seven degrees in ten ngnutes, but just beyond the
red ray the rise in thé same time was nine de-
grees.

In these, as in the™former experiments, the
effects are modified by ihe nature of the prism
used to refract the light : evhen it is of flint glass
the phenomcena arce as above deseribed ; but, with
crown-glass, water, and other refracting media,
the position of the heating or calorific gays varies.

It appears, then, in reference to Phe results just
éuoted, that the radiant matter of the sun is re-
solvable, by refraction, into threc distinct sets of
rays; those producing colour ; those which effect
cerlain chemical changes ; angd those which excite
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keat; the chemically acting rays arc the most re-
frangible, the calorific Yays the least so, and the
colorific rays, or those producing light and colour
possess a mean degree of refrangibility. In the
s]]:ectrum obtained by a flint-glass prism, they are,
therefore, arranged as folloby:—

" ® Colorific Rays
£ N

Calorific — Chemical
Rays.  Req, Orange, Yellow, Green, Blue, Indigo, Violet, Rays,
N—— C ——

N
Least Producing white light when blended or Most
refrangible. united, refrangible,
\, 7
-
. Solar Light.

§ 16. Qf Terrestrial Radiation.

We use the term lerrestrial radiation, to desig-
nate the heat and light thrown off by terrestrial
bodics under certain circumstances, especially at
high temper.tures, as when thev are red-hot, or
burning ; that is, in a state of ignition; incan-
descence ; or combustion. We also well know
that terrestrial heat radiates from bodies at tems
peraturgs far below thost required for ignition.
If, for fstance, T fill a jug with hot water, 1 feel
hapt éfhanating from it to my band when held
nofir it.  All these subjects may be discussed
under the head of terrestrial radiant matler.

" The rayg which cmanate from heated bodies,
whether attended or unattended by light, may be
reflected in the same way as the solar rays, and
the, phenomena connected with this kind of ra-
diation are, in many respects, extremely curicus
and important : they are also suspectible of many
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economical applications, Yor in this country it is
to radiant heat that we arq chiefly indebted for the
warmth and comforts of our apartments in winter;
the construction of our grates, and fire-places in
general being such as to carry away the whole
current of the h(.ated air by the chimney, and
prodigally waste it l?} dthe atmosphere ;ethey con-
scquently produce their warmihg effects, by the
heat which emanates from the bummg fuel and
heated surfaces, and is projected or radiated
upon the surrounding bodies in the room.

Several important facts upon the subject of the
radiation of heat were established many years ago
by Scheele (in his freatise on air aifl fire, ori-
ginally published in' 1777). He observed, that
radiant heat passes through air without communi-
cating heat to that medium, and that it is not in-
tercepted by currents in the atmosphiere. He then
procecded to ascertain how far it coincided with
solar heat, in passing through glass and other
transparent media ; and he found that, although
the light of a firc or d¥ a candle passed through
such qubstsmces, that their keat was arrcsted, or
stopped in its progress. It was thus thought that
a decided difference was astablished betwwn solar

"and terrestrial heat; but we shall fihd that it is
rather apparent than real,”and referable to the
small quantity, or intensity of thé latter, as com-
pared with the former. He also found that, when
a glass mirror is held before the Air€, the light
ﬁ:xl) *is reflected, while the heat is absorbed, and

¢ mirror itself bucomes hot; but when for glass
we substitute a mirror of poluhed melal, then, both
the heat and the light are 1flected, and the metal
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itself not heated : if, ho(vever, the surface of the
metal be covered with yome other substance ; if it
be smoked, for instance, by lolding it over a
burning candle, then the surface absorbs the rays
of heat, ayd the mirror of metal, like that of glass,
becomes itself hot.

These pbservations of sthacle led Leslic and
others into the {ame path ‘of inquiry, and we
have, upon the whole, a very satisfactory series of
experiments upon the subject, of which the follow-
ing is an oufline, as far as the principal facts are
concerned : —

That heat radiales from bodies in right lines,
and is suséeplible of reflection, is shewn by placing
two polished concave mirrors, made of planished
tin, or, whatis better, of plated copper, exactly oppo-
site to cach other, and about ten feet asunder. For
experiments upon a Jarge scale, the mirrors should
be at least of two feet diameter, but common tin
mirrors or rcflectors of one foot are sufficient for
all .common illustrations. A heated body, such,
for instance, as an iron bidil, or a flask of boiling
water, is placed in the focus of one mirror, and
an air thermometer in thw of the other®, The
rays of heat then impinge on the onc wirgor, . and
are reflected, consistently with the property of

*concave mirrors, in parallel lines, so asito fall
upon the opposed mirror, whence they converge

* The foct ufethe mirrors is best found by the help of a
lighted candle, the heating focus corresponding with the
luminous one: and in these cxpenuments ‘the differentia.
thermometer above described is most satisfactorily employed,
for 1t is pot affected by currents or general changes in the
tgamu:e of the room i which the experiments are made,
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to its focus, in which is'the.thermometer, and
which is affected proportlonately to the heat of
the original radiating body.

_ Let A represent the first mirror; B the second ;
c the heated sphere or flask, and b th&air ther-
mometer: the dotted Jines shew the direction of
the calorific rays. ‘); »

\

e
i [L 1§

To prove that the thermometer is not aficeted
by the mere proximily of the heated.body, inde-
pendently of any actual reflection, let a sheet of
pasteboard be held betWeen the mirror B and the
thermometer ; the latter will immediately indicate
the absence of the quantity of heat it before
reccived, notwithstanding®the source §s as near to
the bulb as it was before., If we even carry the,
ball a little out of the focus of the mirror a, by
advancing it gently towards the thermometer, a
diminution of heat will be perceived in the latter,
in consequence of the disturbance™ol the most

vourable arrangements for reflection. Indeed,
the distance betwecn the heated ball and the air
thermometer is such, that, notwithstanding the
delicacy of the latter instrunlept, it would not be

&)
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affected, as may again ée shewn by removing one
or both of the mirrors,tand lcaving the ball and
thermometer in their same relative positions.

A
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If, for the hot bullet, oy flame of a candle, or
flask of boiling water, we substitute some more
copious source of heat, the effects will be pro-
portionately great. If we, for instance, place a
wire basket full of burning charcoal in one focus,
and a piece of phosplisrus in the other, the latter
will be immediatelyAnflamed : {n the fame way
fulminating. silver may be detcnated, and even
gunpowder kindled. And for such experiments
we may adopt Sir H. Davy’s plan of placing the
mirrors vertically, as shewn in the annexed cut;
the little chafing-dish js in the focus of the upper
mirror, so that all the heat that reacheg the lower
mirror, and is concéntrated in its focus, must be
radiant and reflected, for the current of heated air
will pass upwards and be lost.

o]t we substitute a cold body for the heated one,
a lump of ice, for instance, sprinkled over with
salt, or a thin glass flask, containing a mixture of
snow and salt, we shall then observe #he thermo-
meter in the opposite fygus to be affected by cold ;
and this experiment has’ sometimes been adduced
to prove that cold is a distinct form of matter. It
docs, however, scem eVident, that highly at-
tenuated matter is at all times passing off from the
surfaces of all bodies, under the form, and pro-.
ducing the cffects of, radiant matter, the tempera-
turc cxcited by which depends upon that of the
emanating body: hot bodies radiate heat: we
perceive no effect from bodies at coﬂgmn tempe-
ratures, because their radiant matter is of the same
temperature as that of the thermometer or sub-
stance upon which they fall ;; cold bodies, on the
contrary, throw off cold radiant matter, and hence
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their effect upon the’ thermometer.  That this
radiation of cold actuaily ensues, is more simply
shewn by placing a plate of snow or bruised ice
near the face, when an effect of cold is iinme-
diately perceived, and may be intercepted by a
sheet of paper or other scrgen.

It mud, indegl, be obvius, that the fempe-
ratures of bodicz arc merely relative terms: we
may, for instance, suppose oursclves in a tempe-
raturc so high, that red-hot iron would radiate
cold; or, again, in a temperature so low, that ice
would radiate heat.

Sir H. Davy observes, in reference to this sub-
ject, which he calls the appérent radiation of cold,
* that if it be supposed that rays capable of pro-
ducing heat emanate from all terrestrial bodies,
but in quantities greater in some increasifty
proportion as their temperatures are highest, then
the introduction of a cold body into the focus of
one mirrors ought to diminish the temperature of
a thermometer in the fogus of the other, in the
same manner as a black body placed in one focus
would diminish the quantity of light in the other
focus ; and the eye is to”ihe rays producing light,
-a measure: similar to that which the thcrmometer
is to rays producing } cat.’—E/ements, p. 4

Other cxplarations have heen given of 3
diation of cold, but nonc will be decmed
actory, til] we are better acquainted with the na
and more Ftondite propertics of radiant matter.

‘With the preceding apparatus of the irrors, ant
a few very simple additions, many other curious
propertics of radiant matter in general may be
Investigated; and among these, the influences of
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surfuce upon radiation arc; nof the least remark-
able,

It has been stated, that if a polished metallic
niirror, of a eoncave or parabolic form, be held
opposite the fire, that it will give a heat¥ig focus,
but that the mirror itself is long before it becomes
scnsibly warm ; that’4s, the heat which®inpinges
upon it, is immediatély thrown olf or reflected. 1f
we now cover the surface of the mirror with any
soft, umnetallic coating, or if we merely roughen it
by scratching the surface with scouring-paper, and
then hold it towards the fire, a very different cflect
will ensue, and we shall now find that ghe greater
part of the radiant heat, instead of being thrown
ofl, is absorbed by the surface, and very soon
heats the mirror considerably. A thin paste made
with chalk or lampblack, and diluted glue or gum-
water, answers very well for the above purpose.

Herc, then, the receptive powers of surfaces, in
regard to radiant matter, arec shewn materially to
depend upon their nature or mechanical texture.

Ih further illustratiof "of this subject, a simple
but interesting experiment may be made with the
differential air thermomcaer : let one of the glass
bulbs, for instance, be nicely covered with a bright
coating of gold-leaf, and leavg the other in its usual
state: place the instrument thus prepared upon a
table, and bring a red-hot poker near it, taking
care, however, that it is equally disfant_from both
bulbs, or, if anything, rather ncarci*ific metallic
than the glass surface. Under these circum-
stances it will be found, that by far the greatest
effect of heat is produced upon the glass ball,
from which the fluid in tile, tube immediately
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recedes, notwiths dil(g heat is équally applied to
the gilt ball; the lattdr, however, refuses to ab-
sorb it, while the former imbibes it, and has its
temperature proportionately augmented.

Althotgh the texture of the surface is shewn to
be materially concerned ip these results, it does
not appear that, colour in the least interferes;
black-wash and {hitc-wash are equally receptive:
of terrestrial radiant heat; nor does it-appear to
be absorbed in larger proportion by any one
colour than by another.

With regard to solar radiant heat, however, the
case is different, and, as commmon experience
teaches, black surfaces absorb it much more
greedily than white, and the temperature pro-
duced appears to be proportionate to the inlensity
of colour.

If pieces of cloth of different colours be cx-
posed to the sunshine upon the surface of snow,
the dark colours will sink into it, in consequence
of the heat which they produce ; the lighter colours
scarcely effect the thawii} of any portion ; ‘and
white remains inactive.

The difference between a white and a black hat
in heatingethe head, and between dark and light-
coloured clothing in, general, is well known to
those who arc muach exposedrto the summer’s guu.

Paint the bulb of one thermometer black, and

* of another white, and expose them to the sun-
shine; tht™ormer will indicate a higher tem-
perature than the latter. .

A similar but more striking cxperiment may be
aade with the differential thermoreter (p. 61).
Blacken one of the bulbs, and leave the other
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F
clean and transparent; if 1,‘he instrument thus pre-
£ared be exposed to the sunshine, the excess of
eat in the blackened ball is immediately indi-
cated by the recession of the liquid from, it to the
clean ball. If the thermometer be small and
delicate, it is susceptjble of thc mere impression
of daylight, which, Alightly augmenting the tem-
perature of the black ball, depresses the fluid in
the tube annexed to it. Hence the differential
thermomelter, thus constructed and applied, has
been called a photometer ; but it is not capable of
affording any correct or useful indications of the
comparative intensities of different lighgs.

In all these cases there appears to be a manifest
difference between solar and terrestrial radiant
heat; but this is probably rather apparent than
real; in the solar beams, radiant heat and light
are intimately mixed, and when they fall upon
dark surfaces they are absorbed together. The

uantity of radiant matter, too, emaiating from
the sun, is incomparably, great in reference to any-
thing which we can produce artificially. The
solar beam passes through a thin plate of glass
without decomposition, aftd falling upon black sur-
faces upon the other side, is absorbed by, and
heats them: but terrestrialsradiant matter, cma-
nating, for instance, from a lanep, or candle, or
fire, suffers, in such case, a king of dccompo-
sition ; the light passes through the glass, but the
heat §s stopped in its progress; in the case of the
sun’s ray the transmitting glass is not heated; in
the other case the glass becomes hot

But, when it is said that tegrestrial heat does not
pass through glass, and that glass screens are as
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"effectual as opaque oyes in keeping from us the
heat of the fire, the statement-is only partially
correct; the most intense artificial heat and light
is probably-that produced by charcoal ignited by
voltaic electricity, and when a small lens is placed

- before the brilliant star of fige.so obtained, and its
focus thréwn upqn the ball'X[ a delicate air ther-
mometer, an elevation of tempcrature is always
indicated. «

Numerous other instances might be mentioned,
in which thc passage of common radiant heat
through glass is cvident: if we stand, for in-
tance, upon the outside of a shop-window when
a gas-burner within is suddenly turned on or
}ighted, we pereeive the impulsc of heat upon the
ace.

Newton conceived that radiant matter consisted
of particles emanating from luminous and heated
bodies with prodigious velocity ; these particles
he imagined might be of different sizes, the
smallest, constituting chqmical rays and viplet
light, being the most refrangible ; the larger ones
forming red light, and heat, and being the least
refrangible. Now, it J§ very possible that the
matter emanating from terrcstrial bodies may be
of a yet coarser teatusz, or constituted by particles
so large as tocbe arrested by those transparent
media which alJow a rcady passage to solar rays.

Having gstated these facts concerning the ra-
diating or emissive powers of surfaces, wg may
now turn our attention to their absorbing oo
‘receptive energics, and we shall find, that those
bodies which have tleir temperatures most easily
raxﬂ&d by the action of rays producing heat, are

R ' '

a o,
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likewise those that-are mo’t casily cooled by their
own radiation; or that, at the same temperature,
emit most calorific rays: in other words, the re-
ceptive and emissive powers of surfaces,én regard
to radiant heat, are co-existent and co-equal.

From what we heve said above, it will appear
that, if we place twg, similar meiallic vessels filled
with water before the fire, the surface of one of
the vessels being clean and polished, and that of
the other covered with a thin coat of lampblack,
the former will reccive heat much more slowly
than the latter: a blackened saucepan set near a
clear fire has its contents much soomer heated
than a clean and bright one in the same situation.

Let us now reverse the experiment, and fill the
blackened and the polished vessel respectively with
hot water, and putting a thermometer into cach,
leave them upon a table at a distance from' each
other, and vot near the fire. 'We shall soon ob-
serve that the thermometer falls most rapidly in
the, blackened vessel, ghich will, in fact, become
cool much move rapidly than the other. Perhaps
a simpler way of shewitlg this fact, consists mn
painting one half of the surface of a convenient
tin or pewter vessel with a mixture of®lampblack
and gum-water, and leaving the other half, or side
clean; if it then be filled with b8iling water, no
very delicate instrument is requisite to prove that
heat is thrown off much more quiekly from the
unmetallic than from the metallic surface; for the
Imnd brought near the former fecls a inuch greater
impression of heat than when at an dqual distance
from the latter. .

If we paste writing-paper, lintn, or thin woollen
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cloth, or flannel, upongone-Lalf or side of a canis~
ter, and leave the other side clean, a very similar
effect will be observed, for those surfaces radiate
much mere than metals; and accordingly, a dif-
ferential thermometer brought near a canister so
prepared, will be aflected agea much greater dis-
tance by the covered than hytthe clean surface.

Tt will be observed, that these effects of ra-
diation are singularly opposed to the conducting
powers of the respective surfaces. If we touch
the clean part of the canister it burns us; but we
may place the finger with impunity upon the
paper or flunnel, which, though a good rediator,
15 a comparatively bad condwcetor of heat.

This subject is further illustrated by the follow-
ing table of the comparative radiating powers of
different substances, drawn up from Mr. Leslie’s
experiments :—

Lampblack . s . . - . 100
Sealing-wax . . . . 95
Writing-paper & oy e N . 98 ‘
Crown glass . . . . 90 %
Chinaink . . . . . . 88
Red-lead . . . . 80
Iinglasg e . . « 80
Plumbago . . ¢« . . 75

Tarnished lead  o* . . . . 45
Cledanlead ¢ . . . . . 19
Polished irgn . . . o . 15
Tin plate

Gold “} Polished o o o 12
Silver . .
Copper .

Houte it appears that those surfaces which are
not metallic, such, ds soot, paper, glass, &e.'arc
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much better radiators Jf heat than tarnished
metals, lead, or iron ; and that these latter radiate
better than the polished metals, which conse-
quently stand at the bottom of the listy It will
also be receollected that the above numbers repre-
sent the receptive as well as the radiatjpg powers
of the respective sursaces.

Let us now look at some of the economical
applications of these facts arising out of the phi=
losophy of radiation.

Before much was known respecting the ra-
diating, and consequent cooling power of dif-
ferent surfaces, it was always presumed that
vessels of earthenwhre or porcelain were better
calculated to retain heat, than those of metal;
it was rightly argued, that the latter were by
far the best conductors of heat, and it was in-
ferred, therefore, that they would lose heat to
the surrounding air more rapidly than bad con-
ductors. Kxperienced tea-makers, hdwever, con-
trayy to the decision ¢f esuch philosophers, always
maintained that the best tea was made in a bright
silver vessel, and that carthen teapots were of far
inferior power; the former were said to draw
much beiter than the latter. This ‘opinion we
now know is correct, and the obvious rcason for
the preference is, that the water® retaing its heat
much longer in the metal than #a the poreclain
vessel, and tonsequently extracts the soluble mat-
ter of the tea-leaves more completely.
® “Vessels,” says Sir 11. Davy, ¢ that arc intended
to retain their heat should be metallic, and highly
polished ; and, independentsof clegance and de-
licacy, there is a reason, ol¥ious from the pre-

. r 2
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ceding facts, why memllic vessels for the pur-
poses of the tablc should be kept as bright as
possible.  Steam or air pipes for warming houses
should be polished in those parts where the heat
is not required to be communicated, and covered
with some radiating substang, such as lampblack
or plumbago, in sthose rooits which are to be
heated by them.  Culinary implements should be
blackened, and not polished, on those parts which
are to receive heat. The heated surfaces of fire-
places or stoves should not be metallic, but of
stony or carthy materials; and in this case much

more heat will be communicated by radiation.’
1t is also obvious, that whenever radiant heat
is to be absorbed, rough, unmetallic surfaces
should be employed ; and these, in the case of solar
rays, may be blackened, in order to render the
heat more intense.  Brick-walls are excellent ab-
sorbers and radiators of heat, and when exposed
to the sun’s rays they become very hot; after-
wards, when the sun goes, off, they again radjate
the heat which they had previously received, and
which caused their excess of temperature over the
swrounding bodies. Walls against which fruit-
trees are pﬁmted arc somctimes painted black, in
order to get the higliest possible degrée-of heat
during their cxposure to the sun; but it ‘is not
found that ths crops of fruit arc improveg by the
plan. -
The way in which we reccive heat from our
ordinary fire-places will now be intelligible, and
«t will be cvident that it is principally by radiation,
% ot and dilated .air making its escape up the
ney, attended by an enormous waste of heat,
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and consequently also ofjfuel. The heat which
radiatcs from the glowing coals, and from the
heated surfaces about the grate, is projected into
the chamber, and impinging upon the different
bodies around, is received by them witlt different
degrees of facility, dependent upon the nature of
their surfaces: the (,’:'rpet, and all similar surfaces,
absorb the radiant *heat with facility ; furniture
and wooden articles become also leated ; and
these radiate in their turn, and throw off their
excess of heat above that of surrounding bodies.
They also warm and dilate the air in contact with
them, and thus the heat becomes more or less
cqually diffused threughout the chatiber. Our
clothes are also, in general, good absorbers of
heat ; so is the skin or cuticle ; and by the absorp-
tion of the radiaut Lcat we get warm on standing
before the fire, at least upon that side or part
which is exposed to it.  This partial reception of
heat by which we are burned on one,side, while
the other may be very cold, is one of the great
objections to our cohimon mode of warming
apartments; and another is, that in winter, one
part of the room only is somfortable, whilst others
are disagrecably cold. Infrooms heatad by throw-
ing into them a current of yvarm air, such incon-
venicnces are not experienced ; hut then, unless
there is at the same time a thorouglh ventilation,
they produce a scosation of closeness whicl is un-
pleasant to those accustomed to opcn chimneys
and fires. A combination of the two systems is
the most efficacious and pleasant; warm air, pro-
perly and judiciously admiited at the parts of the
room furthest from the fire; gnd an open grate,
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to assist in warming, ayd to accomplish a perfect
ventilation.  Grates or stoves have lately been
contrived, in which there is an open fire as usual,
and which also throw out a streamn of warm air,
heated by being made to pass from below upwards
through a double casing, swrrounding all the
heated parts of the grate:\liiese stoves, when
properly made, and applicd, are extremely effec-
tive and economical.

But it is scldom recollected that all attempts to
render any individual apartment in a house uni-
formly warm, will be frustrated, unless the mass of
air in the halls and staircases is also heated : this
is most cfiéctually accomplished by a stove upon
the basemcent story, upon Silvester’s, or some
similar plan; aund although the expense of such
an arrangement is cousiderable at first, it will be
found, if properly and judiciously made, to effcet
a considerable annual saving in fuel.

Whilst upon this subject I may be allowed to
remark, that it is to be regretted that architects
and builders in geveral are ‘¢<tremely inattentivé to
the subjects of warming and ventilation, both as
concerns dwelling-houses and public cdifices.

§ 17. Effects of *Radiation in Natur¥; -

The earth, part of the surfacc of which is daily
exposed to the action of the solar beams, will ab-
sorb the ray%: with various degrees of fagllity de-
pending upon"" the nature of the surfice; and
during the night it will again radiate, or throw off
a pagtion of the heat it has so acquired, also with
Is degrees of velocity. 1t has been ascer-
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tained that the cxtent to vphich this radiation from
the earth takes place, is greatly dependent upon
the aspect of the sky; when the night is clear, and
the heavens cloudless, it goes on more rapidly,
and to a much greater extent, than when the sky
is overcast and clo‘ldy; and hence it is, that upon
clear niglts there s a much greater deposition of
dew than in cloudy weather.  To understand the
cause of this, it may be vecessary to remind the
rcader, that dew is not, as oflen represented, a
kind of fine rain showering down upon the carth
from above, but that it depends upon the depo-
sition of moisture contained in the state of vapour
in the air, and iv, in its formatidn, precisely
similar to what happens when a glass of iced
water is brought into a warm room in summer;
the colduness of its surface abstracts the heat from
the vapour in the air, and causcs its condensation
in the form of water, which is deposited exactly like
dew upon the outside of the vessel ¥, So the carth,
upon a fine cloudless night, radiates heat to such
an extent as to becéihe colder considerably than
the superincumbent atmosphere, and consequently
the aqueous vapour, anore or less of which is
always containcd in thé air, is condensed in the

* This is also the reason why thick and substantial walls
in the interior of honses becorue dum$, and often very wet,
in cerlain states and changes of weagher. They are so
massive as to retain an acquired temperature for a long
time, and during a winter’s frost become Jold thronghout ;
upon a sudden thaw, attended by a very humid state of
atmosphere, the vapour or moisture of the air is condensed
in the liquid state upon these cold surfaces, because they
abstract its heat, and consequengly cause it to run downin
the form of water. -
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liquid form upon the syrface of the ground; and,
of couxse, most abundantly, upon those parts of
the surface, which, being the best radiators, have
their temperatures most depressed. Thus, walk-
ing in the-garden upon a bright autumnal morn-
ing after a clear night, we obscrve the dew very
unequally deposited: it is con'monly most abun«-
dant upon the grass-plats, for mown grass is an
excellent radiator; it becomes, therefore, colder
than the adjacent gravel-walks, upon which the
dew is less abundant. If we take the trouble of
placing a thermometer upon the grass, and another
upon the gravel, we shall find the former sink
several degrées below the latter; and under cir-
cumstances favourable to the deposition of the dew,
the eartl’s surface will always be found colder
than the air above it. A thermometer on the
grass has been observed, under favourable cir-
cumstances, to fall as much as from twenty to
thirty degrees below one suspended some feet
above it. The consequence of this is, that the
lower strata of the atmosphéie in contact with the
cold surface of the earth, are considerably colder
than the higher parts; and if the air is tranquil, it
will remain sq for some time, especially in hollows,
and other places protegted from currents, and
where the warm and the cold air are not therefore
mixed by mechanical agitation. Hence it is that
delicate plants often suffer more in‘situations ap-
parently protesied, than in those which are open
and exposed, and where the ¢ old air 'ha% not such
a chance of lying quiet upon the surface.

All good radiators exposed upon the carth’s
surface will become_cSlder than bad ones; if,
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therefore, we place upon ah exposed gravel-walk,
a piece of flannel and a piece of tin foil, the
former will have abundance of dew thrown down
upon it, and the latter none; and, in refgrence to
this fuct, it is curious to observe the influence
of the patural textyres and surfaces of foliage.
Smooth, varnished l¢aves have no dew'dcp(mted
upon them, under circumstances in which there is
an abundunt deposition upon rough and downy
leaves ; the former, therefore, seldomn sufler from
this causc of cold, but the latter are often frost=
nipped.

‘The remarkable influence of clouds @& prevent-
g radiation from the earth heneath them, scems
first to have heen noticed by Dr. Wells, whose
¢ Essay on Dew’ deserves the atientive perusal of
all who are interested in this part of meteorology.
He found that, if the night, at first clear, becomes
cloudy, the temperature of the griss always rises,
independent of any changes of calnmess, and
ncarly so of change of gtmospheric temperature.
Upon onesuch night the grass, after having been
twelve degrees colder than the air, became only
two degrees colder, the t¥nperature of the atmo-
sphere remaining stationary ; and, ¢h another
occasion, the temperature of ¢he grass rose fifteen
degrees, while the air only sustained an increase
of three and «-half. -

Any protection interposed between the ecarth
and sky, prevents radiation, in the same way as a
aoud. If we place four poles in the ground, and
stretch & mat or canvass upon them, the plot un-
derucath will be effectually preserved from those
changes of temperature referable to the escape of
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radianf, heat from the{surface. In this way gar-
dencrs protect young and tender plants ; though it
is obvious that any gencral changes, dependent
merely upon atmospheric temperature, would not
be interfered with, nor the cold kept off by such a
contrivance. t

In the éighty-third volume of the ¢ Philosophical
Transactions,” Mr. Williams has described the
mode of obtaining ice in Bengal, where the at-
mospheric temperature never falls to the freezing
point. It is evidently chiefly effected by radiation
from the surface of shallow pans of water (and
water is ax excellent radiator), which are placed
upon dry stubble in open sitwations : calm, serene,
and cloudless nights are most favourable to the
purpose ; and thin crusts of ice are thus frequently
obtained. In such cases the production of cold
has sometimes been referred to evaporation, but
that this is not the cause of the diminution of
temperature, in the present instance, is proved by
the peculiar circumstanceg requisite for the sue-
ctf:_ss of the operation being entirely independent
of it.

. §18—0r F;zc;sphor'cacence.

This term is gene-ally applied to those bodies
which shine in the dark, without undergoing com=
bustion ; they.may be divided into three classes :—

1. Bodies which become luminous after having
been cxposed to light, and which are generally
called solar phosphori.

2. Bodies which become luminous when mo-
derately heated. . ,

3. Bodies of vegetable and animal origin, which
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are spontancously luminows at common teinpe-
raturcs. -

1. Solar Phosphori—The attention of phi-
losophers was first drawn to this curious subject,
by an accidental discovery of Vincenzio Cas-
cariolo, a shoemakey of Bologna, who (about the
year 1630) being engaged i some Rlchemical
experiments, had occasion to calcine a quantity of
a species of native sulphate of barytes, found near
Bologna, at Monte Paterno*.. He observed,
that whenever the spar had been sufliciently
heated, it acquired the property of shining in the
dark after having been exposed to thegsun’s rays,
and that it would even continue thus to emit light
for some hours. lIn consequence of this dis-
covery, the Bolognian spar camec into great re-
quest among the curious; and the best mode
of preparing the Bolognian phosphorus, as it
was called, became a subject of no small pecu-
niary importance. The most successful preparers
of it were a family of the name of Zagoni, who
continued to supply 18rge quantitics of it to the
curious throughout Europe, and retained their
monopoly for many yeiss. Their process is not
exactly known ; but if the spar be povAlered, and
made into thin cakes, witi mucilage of gum
tragacanth, and then carefully calcined in the
open fire, and suffered to cool slowly, they will be
found to answer the purpose: that is, they will
glow for some time in a dark room, afier having
becn exposed to a bright sunshine. Some ma-
nagement, which can only be learned by practice,

»
* Aikin’s Dictionory,
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is requisite in conducting the calcination. Any
variety of sulphate of barytes will answer for the
above preparation, but that which is massive,
nearly opaque, and of a lamellar fracture, appears,
on the whole, to furnish the most luminous pro-
duct. .

There 4re many other substances possessed of
Pproperties analogous to those just described. For
our knowledge of one of these we are indebted to
Canton, by whose name it is usually known.
Canton’s phosphorus is made by calcining oyster-
shells in the open fire for half an hour; after
which the jvhitest and largest picces are selected,
mixed with about one-third their weight of flowers
of sulphur, pressed into a crucible with a closely
luted cover, and heated red-hot for an hour.
‘When the crucible has become quite cold, turn out
its contents, and select the whitest pieces for usc.

Wilson’s phosphorus.—F¥or our knowledge of
the following solar phosphorus, which is yet
simpler than the preceding, we are indebted
to Mr. B. Wilson: ¢ Select a score of oyster-
shells, the thicker they are the better; then
take most of the flaming coals, but not all of
them, off w fire that 1s burning briskly, strew
the shells over the svxface, and replace the coals
that have becn «taken ofl. In about an hour’s
time take out the calcined shells, observing to
break them as little as possible; and after ex-
posing thent for a few minutes to the light, they
will be found to have acquired a high degree o*
Ehosphoresccncc, glowing n the dark in a very

eautiful manner, with most of the prismatic
colours. It is notyhowever, absolutely necessary
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that the shells should be c#cined in the open fire,
for if they are heated sufficiently in a close
crucible, they will exhibit prismatic colours, chiefly
blue and green, though not so bright as by the
former method. If the calcination is effected in
an iron crucible, allsthose parts of the shells that
have been in contact with the sides of tfc crucible
will glow with a red light. The contact of in-
flammable matter, and particularly charcoal, with
the shelis during their calcination, appcars emi-
nently to contribute to the brilliancy of the phos-
phorus.  Henee it is that if the shells are calcined
in a crucible, in contact with thin platgs of steel*,
the phosphorus thus *produced will be much more
bright, and of more various colours than when

lates of iron are cmployed; and, on the other
hand, if flat pieces of charcoal are made use of,
the intensity of the colours, especially of the blue,
green, and red, is far greater than i those pro-
duced by the steel’

Baldwin’s phosphorug.—Another solar phos-
phorus is that discoverfd by Baldwin. Tt is made
by saturating diluted nitric acid with chalk, and
evaporating to dryness, Ry which a saline pro-
duct called nitrale of lime is obtaived. This,
when melted at a dull red heat, cools into a com-
pact mass, which has the property of imbibing
and emitting light. .

It has been observed, in regard to these solar
phosphori in general, that their luminous power
is diminished by cold and increased by heat ; that
they are more brilliant in dry and warm than in

. 1]

* Steel being a compound of iroa and eharcoal.
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wet and cold weathet; that they shine most in-
tensely after exposure to direct sunshine ; but that
some of them, especially the oyster-shells, exhibit
their phosphorescence when carried imto a dark

lace, after mere exposure to ordinary daylight.

t is sometimes said, that t'iey absorb the same
coloured fight as that to which they are exposed,
and that, if exposed to red light, they give out
red, to green, green light, and so on; but this
appears to be a mistake, the colours of the light
being white or reddish white, and often prismatic,
but independent of the colours of the rays to
which they had been exposed. Mooenlight is quite
inadequate to render these bodies luminous; but
the flash of gunpowder, the light of a bright
candle or lamp, or of an electric explosion,
suffices to make them shine more or less intensely.

Those which we have enumerated are the most
remarkable solar phosphori, but there are several
other substances possessed of very similar pro-
perties, such as some diamonds, rock-crystal with
its surface roughened, certain saline bodics, and
writing paper: these, however, are less powerfully
luminous, and require "Food management to be
observed. ' They should be brought out of the light
to the observer, who should be stationed in a
small closet, painted black on the inside, and
with a hlack «curtain hung up before the door.

2. Phosphori from heat.—There are many sub-
stances which become luminous when moderately
heated ; that is, at a temperature below a red hea..
These differ from the preceding in the circum-
stance, that, after having been kept at any par-
ticular temperatuee till their luminousness is ex-
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hausted, they are incapable of shining again,
except at a temperature greater than that to which
they were first subjected.

The substances belonging to this class are ex-
tremely numerous, but there arc only a few which
arc eminently lumwous; of these the compact
phosphate of lime, found native ncaf® Estrama-
dura, in Spain; and certain kinds of sfluor, or
Derbyshire spar, especially the dark blue and
slightly fetid variety, are the mosg remarkable : the
former cxhibits a beautiful pale-green light, in-
tense enough to be seen in the daytime; and the
latter shives with a purple tint. Thegest way of
exhibiting them is t¢ heat them in a dark room,
in a small spoon of platinum, over a spirit-lamp,
the light of which is not sufficient materially to
interfere with the observance of their phospho-
rescence. They should be in small fragments,
but not too finely powdered. The fetid carbonate
of lime, called swinestone, not uncommon near
Bristol, several varicties of calcareous spar, and
of heavy spar, and Powdered quartz, arc sub-
stances which are also luminous when gently
heated; they may be daxewed for this purposc
upon a piece of iron which has been heated red-
hot, and just ceased to glow.

The substances which are phesphorescent by
heat, arc also gencrally so by friction, which is
another productive source of luminosity. There
are also several bodies which are rendered lumi
@ous by passing an electric shock through or
over them ; such, for instance, as a lump of loaf-
sugar, which shines for sevesal seconds afterwards
with a beautiful blue light.
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8. Spontancously Pnosphorescent Substances.—
Under this head we may place a variety of animal
substances which, under certain circumstances,
emit light. The flesh of certain fresh and salt-
water fish becomes luminous previously to its
putrefaction ; of these the tench and carp, and
the herrig and sole, are perbaps the most re-
markable : the fish should be gutted and split, and
the scales scraped off; if placed in a dark cellar,
they are then often observed to shine within twelve
to twenty-four hours, the time depending upon
the temperature and state of the atmosphere, and
probably ggher causes which have not been de-
termined : this appearance énsues before any bad
odour is perceptibly exhaled; and soles are oftcn
luminous in the dark when perfectly fit for the
table. Lobsters and crabs, under similar circum-
stances, are often very rich in phosphorescent
matter.

Phosphorescence is rarely observed in the flesh
of quadrupeds, and never in that of birds under
any circumstances of decomposition.

There are many living animals which have
various powers of emitting light. The luminosity
of the occan, which is often so beautifully ob-
served in a dark niglt when the water is more or
less agitated, depends upon the presence of various
species of inscets and marine animals, some of
which shine with much brilliancy.

One most faniliar instance of a luminous animal
is the glow-worm ; but there arc several others
which are not uncommon, and which, under cer-
tain circumstances, are powerfully phosphoreseent.
The common huxdred-legged worm, found under
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bricks and pots in the garden, exhibits brilliant
flashes of light when irritated. The lantern and
Jire flies of warmer climates are also remarkable
for their emission of light. .

In the vegetable world phosphorescence is a
less common quality.s Decayed wood, and occa-
sionally peat, have been observed to enfl a faint
light; and there arc a few flowers, among which
may be mentioned the tuberose, which have oc-
casionally been observed to givg out brilliant
flashes upon a warm suminer’s evening.

We have now enumerated some of the leading
cases of what is properly called phosphgrescence ;
it appears to consist in-an emission of light, inde-
pendent of ignition or combustion, and referable
to a variety of causes, none of which have been
very satisfactorily investigated or explained. There
are numcrous other cases of luminosity referable
to changes in the eleciric stales of bodies, and
which will afterwards be noticed in detail.

*  §19.— 0/ Igmtioh and Combustion.

It will be evident, from the contents of the few
preceding pages, that thets is a conncgion be-
tween light and heat, and that they are mutually
disposed to produce each othdr; indeed, they are
probably convertible into each other; but these,
and other mysterious relations between them, are
as yet very imperfectly understood. I shall not,
thercfore, trouble the reader with the various hy-
posheses which have at different times been sent
forth in relation to this subject, and which are all
unsatjsfactory, but shall procesd to notice some
further effects of Leat. o
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In the mean time it may be right to mention a
supposed exception to the relationship between
heat and light, furnished by an examination of
the lunar ruys, which, though concentrated by
the most powerful lenses, are incapable of affect-
ing very delicate thermometgrs.  De la Hire col-
lected tlic rays of the full moon when in the
meridian, by a lens thirty-five inches in diameter,
and threw them upon the bulb of a very sensible
air thermometey, but they produced no effect,
though they were thus concentrated 306 times.

It is not, however, surprising that the moon-
beam shog,ld be thus ineflicient, when we consider
the extreme feebleness of its illuminating power,
as compared with a solar ray of the same size;
the light of the latter being at least 300,000 times
greater than that of the former. It appears pro-
bable, therefore, that the properties of the moon-
beam are to be referred to its feebleness, as com-
pared with that of the sun, rather than to any
peculiarity in its nature, or to any power in the
surface of the moon of re.aining the heat, whilst
it emits the light reccived from the sun.

By the terms ignition, and incandescence, we
express a property which bodies possess of giving
out light, whenever gheir temperaturces are raised up
to a certain high point. The quantity ofdight thus
emitled is always observed 1o increase with their
temperature : at first it is dim and fecble; then it
becomes dingy red, and the bodies arc said, in
common language, to Le red-hof; then bright
red, commonly called a cherry-red heat; then, as
the temperaturc iycreases, the body becomes of
@0, orunge or yellow tint, and at length acquires
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such brilliancy as to be painful to the eye; the
latter is usually termed white heat.

Various experiments have been instituted to
determine the temperaturc at whieh bodies be-
come visibly red-hot; this, in a dark place, cer-
tainly exceeds six hundred and sixty degrees of
Falrenheit’s scale, for at that tempesature mer-
cury boils, and it is not, in the least degree,
luminous. Sir H. Davy’s experiments place the
degrec of incipient luminosity in a dark place at
about 810° A dull red, visiblé in daylight, is
probably equal to about 1000° a full red heat to
1200° and an orange heat to 1650°.

These observations of course only apply to
bodies capable of sustaining high temperatures
without changing their state, or undergoing de-
composition, most substances being either dissi-
pated or destroyed before they attain the requisite
temperature for ignition; or, if heated in the air,
inflaming and undergoing rapid combustion.

In all the ordinary cascs of combustion air is
present, and the phendmena presented by the
burning body are referable to the chemical action
which ensues, at high agmperatures, between it
and one of the component parts of the air, called
ozygen, which, being invisiple, long escaped ob-
servation as an important agent iy the process.

The temperatures at which bodies burn or in-
flame in the air are cxtremely various; some take
fire under all circumstances the moment they are
exposed to it ; others require their temperatures to

e more or less elevated; and some refuse to
burn under any circumstanges. Thus we speak
of *combustible and incombusijble, or inflam=

L2
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mable and uninflammablebodies ; and we call the
oxygen of the atmosphere, and such other bodies
as are possessed of similar powers, supporters of
combustion. All common cases of combustion, then,
taking place in the atmosphere, depend upon the
union of the combustible with oxygen; between
these bodies there necessarily exists a strong che-
mical attraction, and of this, one of the results, as
we have already shewn, is the evolution of heat
and light. (Sce page 24.)

The result of the union of the combustible with
the supporter, is called the product of combustion ;
it is very commonly gas or vapour, and eludes
ordinary obscrvation: thus the immense quantity
of coal daily consumed as common fuel, combines
with the oxygen of the air, and forms several
products, of which the principal are carbonic
acid gas and steam; and these pass oft by the
chimney, and are dissipated in an invisible state
through the immense mass of the atmosphere.
The incombustible carthy matter contained in the
coal resists combustion,’ and forms ashes;- or
mixing with a part of the coal, renders' it diffi-
cult of combustion, as we see in cinders.

But the product of combustion is often a
solid body: thus, if we throw a piece of the
metal zinc into the fire, or heat it red-hot in a
crucible, it burns with a very vivid flame, and a
quantity of a solid white substance is produced,
which is a compound of the metal and the oxy-
gen of the air, and is, thercfore, called oride o.f'
zine,

Nothing is more common than to speak of the
desfruction of bedies by combustion; but the
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term is in so far improper, inasmuch as matter is
indestructible ; and when we seem to destroy a
coal by burning it, we, in fact, only cause it to
enter Into new combinations; and she carbon
which it chiefly consists of, although it apparently
disappears, has, in'fact, only entered gnto a new
combination, which may be found escaping from
the chimney in the invisible state of air or gas,
but from which the solid carbon may again be
obtained by certain chemical operations.

So much, then, for the general results of com-
bustion ; it is often, as we have had occasion to
state, accompanicd by flame, the nature of which
has lately been studied with much attention and
curious results by several eminent chemists.

It has often becn doubted whether pure gaseous
matter is, under any circumstances, susceptible of
becoming luminous; certain it is, that its tem-
perature may be elevated far beyond that which is
required to ignite solid bodies, and it yet remains
invisible. By passing®air over heated surfaces,
its temperature has been so far elevated as to
render metallic wires ged-hot, yet was the air
itself not at all lmminous™ Flame, however, may,
in general, be regarded as luminous gaseous mat-
ter, and its Zemperalure is,* under certain circum-
stances, very intensé, even wher8 the light which
it emits is excessively feeble. Perhaps the purest
form of flame which we can exhibit is that of
.hydrogen gas *; it is so feeble as scarcely to be

% The term Aydrogen implies generaior of water, for
when it is burned in the air it unjtes with oxygen, and pro-
duces water; water, therefore, is a compuund of hydrogen
and oxygen, in which, as we shall afterwards more fully
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visible in broad daylight; yet its temperature is
very high, as may be shewn by holding a fine
platinum wire in it, which immediately becomes
white-hols the other metals, under similar cir-
cumstances, are generally melted or burned.

shew, one lﬁut of hydrogen unites to eight of oxygen to
produce mze of water (see p. 31). By decomposition, water

may be resolved into hydrogtn and oxygen gases in the
above proponions. '

In experiments where the flame of hydrogen is requiged,
the following simple appafatus may be used: a is & glglvﬁar
bottle, into which wve put some picces of bruised-zing; and
pour upon it a mixture of one part of sulphuric detd with
eight of water, so as about half to fill the vessel; it is
stopped with a cork perforated by a metallic or glass tube
which is drawn to a fine aperiure. The ingredients in
the Dottle soon begin to act upon each other, cffervescenct:
ensues, and hydrogen is rapidly liberated ; after it has
-escaped by the tube for sgme minutes, and not before, apply

" a light to it, and it will be kindled, and bura with a very
ale flame. '
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Upon what, then, does the luminosily of a
flame, which renders it valuable as a source of
artificial light, depend ?  Principally upon solid
matter diffused through it, and ignited by it. In
the experiment just cited, the flame of the hydro-
gen is rendered luntnous by the wire ; and if we
blow any substance thirough it in fin® dust, its
brightness will be proportionately increased,
though the solid matter be not itself inflammable ;
as, for instance, if we sift a little gnagnesia into or
through it.

In the flame of tallow, wax, oil, and coal=-
gas, the brilliancy of the light is clyefly owing
to finely-divided charcoal, which is blended with,
and burned in, the flame, and which, if in too
large quantity, causes the flame to smoke, as
we see especially in jll made tallow candles,
which, notwithstanding frequent snufling, throw
off a quantity of soot into the surrounding atmos-
phere, creating a disagrecable suflocating smell,
and, blackening the walls and ceilings of our

- apariments. d

Such, then, appears, to be the sourcc of the
light of flames; but ther&sare somg other curious
particulars respecting, their construction, which
require more full explanation.

n a common candic, the wax oy tallow is drawn
into the burning wick by capillary attraction., and
there is converted into vapour, which ascends in the
form of a conical column, and has its temperature
wufficiently elevated to cause it to combine with the
oxygen of the surrounding atmosphere with a
temperature equivalent to a whitc heat. But this
combustion is superficial only,she flame being a
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thin film of white-hot vapour, enclosing an interior
portion, which cannot burn for want of oxygen.
That this is the case is easily shewn, by bringing
down a picce of thin glass upon the flame of a
candle, 50 as to cause a transverse section of the
flame. We shall then obserw: a ring of light sur-
rounding"he interior dark part of the cone, asinthe

. @

annexed sketch a, and the vertical section of the
flame will;put on an appearance resembling the
following figure b. To prove that the interior

b

dark pari consists of i#flammable gasecous malter,
we may insert one end of » small glass gube into
the dark centrical portion of the flame of sa large
candle, (as shewn in the wood-cut at tljg?head of
the opposite page), and the interior gas will then
make its escape through it, and may be lighted at
the other end of the tube, so as to form a second
flame. @ shews a section ofthe flame; b the glaus
tube held in an inclined position in the central
part of the flame; ¢ the inflammable gas kindled
|8t its extremity.
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There are several vapours which burn at lower
temperaturcs than those required fét the produc-
tion of flame; and the phenomena attendant upon
such cases of combustion are extremely curious.
‘When spirit of wine, for instance, is burned with
flame in the usual way, carbonic acid and water are
the products of its combustion ; but when burned
without flame, it produces a peculiar modification
of acetic acid or vinegar.

*The mode of effedting this slow combustion
is sufficiently simple. A small spiral coil of
fine platinum wire is.placed upon the wick of
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a spirit-lamp, and allowed to project about a
fourth of an inch above it, as represented in
thelast wood-cut. The lamp is then lighted, and
suffered to burn for a few seconds, when the
flame is put out by an extinguisher, which,
however, must be instanlaneotsly removed. 1In
“this way tlle coil of wire retains heat enough
to carry on the slow combustion of the alcoholic
vapour, and it continues to glow with a red heat
as long as spirit remains in the lamp, and to pro-
duce the peculiar acetic product just mentioned :
in this way of procceding, the heat never becomes
intense enough to cause the inflammable vapour
to burn with flame.

There is another, and a very instructive way of
making this experiment, which consists in pour-
ing a teaspoonful of cther into a small glass jar
of the form represented in the following cut, and
then suspending in it a coil of fine platinumn wire,

previously heated by holding it for a minute in
the flame of a spirit-Jamp. The wire being now
immcrsed nearly red-hot into the mixture of at-
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mospheric air and etherial vapour, glows witk &
red heat, causing the slow combustion of the
vapour. It often happens that a part of the wire
becomes white-hot, and in that case flame is pro-
duced, and the ether burns with its usual products ;
but so long as the Wirc continues only red-hot no
inflammation ensues. »

It follows, then, that flame requires @ very high
temperature for ils existence ; and, consequently,
that if we can devise any mode of cooling it, it will
be extinguished. A very small flame, for in-
stance, is cxtinguished by bringing a large mass
of iron near it, or by carefully surrounding it by
a coil of wire ; the metal abstracts its heat.

But by far the most intcresting experiments
upon this subject are made by help of brass or
iron wire-gauze, which may casily be obtained of
different degrees of fineness, and with which the
following illustrative experiments are casily made.

Procure a picee of this gauze abqut nine inches
square, and of such fincness as to have about
thirty meshes in the®squarc inch: bring it gra-
dually down upon the flame of a wax candle, or,
what answers better in®%ll these casgs, upon a
jet of coal gas, and ghe appearances represented
below will be prodticed. ¥he flame will be cut

s .
[¢

(5
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off where it touches the gauze, and we have a
good opportunity of observing the exterior lumi-
nous circle described above (page 152). In this
case the inflammable matter of the flame (in
the ‘orm of smoke) passes through the wire-
gauze ; but, in its passage, & is so far cooled as
to be exfmguished, and the flame is thus pre-
vented from traversing the wire-gauze. If we
now bring a lighted taper above the flame, to the
upper side of the wire-gauze, the gas or smoke
will be kindled, and the flame continue to burn
uninterruptedly, thus,—

If the meshes of the wire-gauze used in these
experiments be not sufliciently small, or if the
wire becomes intensely i eated, the flame will
pass in ecither inst.nce; uccause the’booling
power is in thc one case prevented by the Targe-
ness of the apertures, and, in the other, by the
high temperature of the wire.

This experiment may be curiously varied by
placing a small picce of camphor in the centre ¢f
a piece of wire-gauze about a foot squarc, and
applying a light to i lower surface. The vapour
of the camphor, which is very inflammable, burns
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with a bright flame upon the lower surface of the
gauze, but cannot pass upwards through it, in
conscquence of its cooling power; so that the
camphor itself lies upon the surface of the gauze,
in an uninflamed state, though sufficiently heated
to furnijsh inflammakle vapour for the sustenance
of the lamc beneath *. -

These, and many other interesting investiga-
tions connected with the subject of flame, we owe
to Sir H. Davy, who most ingeniously applied
them in the construction of LfS miner's safety-
lamp.

Coal mines arc often infested by ® species of
inflammable gas (carburetted hydrogen), known
under the name of fire-damp. When this gas is
mingled in certain proportions with atmospheric
air, it forms a mixture which kindles upon the
contact of a lighted candle, and often cxplodes
with tremendous violence, killing the men and
horses, and projecting much of the contents of
the minc through the shafts or apertures, like an
enormous piece of artlllery. Many attempts had
been made at different times to light the mines

* The power of a metaljic ti‘ssue thus to infercept or ex-
tinguish flame, will depepdl upon the heat required to produce
the combustion, as comhpared with that acquired hy the
tissue ; and the flame or the most inflammable substances,
and of those that produce most heat in combustion, will pass
through a metallic tissue that will intercept the flame of
less inflammable substances, or those that produce little
heat in " combustion: so that different flames will pass
fhrough at different degrees of temperature. The general
cooling power of the wire-gauze, is referable to its cxcellent
cogducting power for heat; it alep, by use, becomes a very
powerful radiator of heat.

i -
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subject to this fire-damp in such a way as to
avoid the risk of inflaming it, but none were
effectual; at length Sir H. Davy constructed a
lamp upon the principles which we have just ex-
plained, dnd which has been used with safety and
success. . .

It is obvious, that if we place a lighted lamp or
eandle within ‘a perfect cage of wire-gauze, no
flame will be able to penetrate from within 1o the
surrounding medjum, in consequence of the cool-
ing power of the metallic tissue. The following
wood-cut is a represcntation of a safety-lamp con-
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structed upon such principles. A is a eylinder of
wire-gauze, with a double top, securely and care-
fully fastened, by doubling over, to the brass rim
B, which screws on to the lamp ¢.  The whole is
rotected and rendered convenient for carrying,
y the frame and ring p. If the cylinder be of
twilled wire-gauze, the wire should be at least of
the thickness of one-fortieth of an inch, and of
iron or copper, and 30 in the warp, and 16 or 18
in the weft to the square inch.  If of plain wire-
gauze, the wire should not be®less than one-six-
ticth of an inch in thickness, and from 28 to 30
both warp and woof.—Davy on the Sufety-tamp,
p- 114, ct seq. b
The operation of this lamp may be shown on a
small scale, by suspending it in a glass jar, and
then admitting a sufficient stream of coal gas to
render the inclosed atmosphere explosive; or,
what answers nearly as well, by iinmersing it into
a jar, at the bottom of which is some sulphurie
ether, and which supplies, by its vapour, an in-
flimmable atmospheye. The flame of the lamp
first enlarges, and is then extinguished, the whole
of the cage being filledayith a lambent blue light ;
on turning off the syyiply of gas, or gently blow-
ing the etherial \'ugggr out of the vessel, with a
tube or bellows, thug appearance gradually ccases,
and the wick becomes rekindled when the atmos-
phere returns to its natural state.
As the safety of thesc lamps cntircly depends
,upon the perfeet state of the wirc-gauze, and upon
the non-existence of any aperture gr channel suffi-
ciently large to admit of the passage of flame, they
should, when in use in a coa] mine, be inspected
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daily, to insure their soundness in these respects.
In gas manufactories, spirit warehouses, and in
all cases where inflammable vapours or gases are
likely to be generated, as in the examination of
foul sewers and drains, it is obvious that these
lamps are importantly applicable.
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CffAPTER IIL

-
ELECTRICITY—ITS SOURCES AND EFFECTS.

Many of the phenomena of electricity are of so
striking and remarkable a natgre, and so easily
exhibited, as long to have attracted general atten-
tion : by the natural philosopher they have been
studied with much precision and sucgess; and,
more lately, the discovery of the influence of the
elcctrical over the chemical powers of matter, has
opened an entirely new ficld of research.

The object of the following pages will be, to
give such general and particular details connected
with this subject as are requisite to elucidate its
chemical agencies. Of the nature or cause of
clectrical appearances wg are utterly ignorant ;
but, for the convenienee of description, and dis-
cussion, it has been customary to refer them to
the prescnce of a highly #t¢enuated formy of mat-
ter, which has been tergfed the clcctric?uid. It
must always be remeffibered,s however, that the
existence of such a flad, or of any.peculiar form
of matter as productive of electrical phenomena,
is entirely hypothetical, and merely "assumed to
facilitate our reasoning upon the subject.

[ %
§ 1.—07f Electrical Excitation—Attraction §nd Repulsion.

Tha simplest indication of eleclricity is that which
is observed when certain resinos and vitreous
[} Y .
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bodies are subjected in ‘a dry and warm statc to
gentle friction ; as when a picce of sealing-wax is
rubbed with flannel, or a glass rod wit®a piece of
silk : in these cases the sealing-wax and the glass
acquire the property of attracting and repelling
light substances; and they wre said to be elec-
trically ercited. Such propertics seem first to
have been observed in, and snpposed peculiar to,
amber; and hence the term electricity, from the
Greek word elekton, signifying amber.

Independent of these attractive and repulsive
powers, there are other equally curious properties
observed it the electrically-excited bodies; in the
dark they appear luminous, shining, whilst rubbed,
with flashes of a bluish light; and, if held near
the face, they produce a singular tickling sensa-
tion. ‘
A very light downy feather, perfeetly clean and
dry, and suspended in auny convenient way by a
long thread of while sewing silk, so as to be as in-
dependent as possible of surrounding bhodies, is a
most delicate and useful htdicator of clectrical ex-
citation, and may be used in the following experi-
ments. I

1. Provide a glass tube, about three fect long,
and three-fourths of an inck diamecter, and having
wiped it perfectly clean and-dry, rub it gently with
a warm silk handkerchief; it will become clee-
trically excited ; and, on approaching the feather,
will immediately affract it; but, on gently with-
drawing, and again bringing it vear to the foa-
ther, the feather will be =teadily repelled ; so that
it will be impossibl., for a short time, to get jt to
touch the tube:: after a while, Lowever, 1t again
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flies to, or is attracted” by, thc tube, and them
again repelled as before.” (The annexed wood-cut
represents the appearance of the feather when
attracted and when repelled). .

This apparently t{fling e¥periment teaches us
the following important clementar§ fact : it shews
us, that the feather, having received clectricity
from the glass by direct contact, is repelled by it;
and, consequently, that bodies similarly clectrified
®pel each other.

2. Rab a large stick of red sealing-wax with a
thiok roll of dry and warm flannel ; the scaling=
wax will thus be rendered clectrfcal, and will act

L] M 2 .
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upon the feather apparently in the same way as
the glass ; that is, first astracting and then repel~
ling-it; and the moment that the feather has be-
come satyrated with the electricity of the wax,
those bodies become mutually repulsive.

8. Warm a sheet of foolscap paper, folded in
the usual way, before the fire, and rub it gently
with a large piece of India rubber; then suddenly
open the sheet, and hold its interior towards the
feather, which will be attracted and repelied, as in
the preceding cases of glass and wax.

There are a number of other substances which
become elertrical by friction, such as white and
black silk drawn gently over each other, as is
commonly observed with silk stockings ; the back
of a clean black cat gently rubbed with the dry
and wan;ne?and; and so on: but the instances
above cited are sufficicnt, and we may now pro-
ceed to a second set of experiments with the same
apparatus.

1. Excite the glass tube as before, and elec-
trise the feather, so as to rénder it repulsive of the
tube ; then bring the excited sealing-wax near the
feather, and it will not/Je repelled as by the glass,
but will be immediately «téacted by it.

2. Reverse the experiment, and having:;elec-
trised the feather by sealingr-wax, bring. the ex-

-cited glass rod near it, when, instead of beipig fur-

her repelled, it will be attracted. v

* Thesc cxperi&hts shew us that there is a dif-
Jerence in the électricities of the glass and seal-
ing-war, and that bodies rendered repulsive b
.fidsg-are atlracted\by wax ; and vice versd. ,Wi
idipreéviously found that bodies similarly electri-



fied repel each other;J we now observe that
bodies dissimilarly electr¥ficd attract ecach other.

These dissimilar electricities, in reference espe-
cially to the above methods of producing them,
were originally termed vitreous and resinous ; for
these, the terms pesitive and negalive arc now
more commonly substituted: the feéfither elec-
trised by glass 18 said to be in a positive state,
and that by sealing-wax, negative. —_

Still retaining the simple apparatus that we set
put with, we may now proceed as follows :—

1. Fold the silk in such a way as to kecp .the
hand as far as possible from the glassgtube; then
rub the tube with it, and clectrise the feather,
which will now be repelled; whilst it retains this
repulsive state, approach it with the part of the
silk which had rubbed the glass, and_it will be
found to be attracted. w

From this cxperiment we should conclude that
the silk and the glass were in opposite electric

_states: we have already galled the glass positive ;
the 8ilk, therefore, must be negative.

The experiment may be varied as follows :—

2. Hold the handkerghipf as before, gnd having
warmed it, rub it w% the tube; then bring it
near the feather, wifich it will first attract and
then repel: whilst the feather is thus repelled by
the silk, approach it with the excited glass, by
which it will be immediately attracted. It is
obvious, thercfore, that the glass and the silk are
i® opposite states. .

3. If we roll up the flannel so as to keep the
rubbed part at a distance fromn the hand, then
rub it with the sealing-wax, and bring it to the

ATTRWCTION Azn REPULSYON. 165
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feather, the latter will be immediately attracted
by the flannel, and thentrepelled: if we now ap-
proach it with the excited wax, instead of being
more powerfully repelled, it will be instantly «t-
tracled. Hence, having agreed to call the clec-
tricity of the wax negative, that of the flannel must
of course be positive; for it is evidently of the
opposite or dissimilar kind.

. Here, then, we have developed another im-
portant electrical law, shewing that one kind of
electricity cannot be produced without the others
that when a body is positive, some part of the
exciting anrangement is negative. In the above
case of glass and silk, the former is positive, and
the latter negative; and in the case of scaling-
wax rubbed by flannel, the wax is negative, and the
rubber acqyires a positive state.

4. Thatthis is s0, may be further shewn as fol-
lows :—render the feather positive by the contact
of the cxcited glass; then approach it with the
excited flannel, and it will be found to be repul-
sive of the flannel ; that ¥, to possess a similar
electrical state.

5. Elartrise the feathes with the excited wax,
which will render it megakive, and then approach
it with the excited silk ; thévsilk will continue to
repel the feather, and hencens similarly electrised,
or negalive.

Delicate instruments shew us, that in almost
alt cases of friction, under the precautions above
described, hodics become electrically cxcited ; axl
that the same body becomes either positive or
negative, according to the circumstances under
which it is excided. Smooth glass, for instance,
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L)
becomes positive when rubbed with a picce of
woollen cloth,. but rough glass rubbed in the
same way becomes ncdative ; and sealing-wax,
which becomes negative when rubbed by flannel,
becomes positive when rubbed against th foil or
mercury. A cat’s back is said always to exhibit
positive clectricity; but it is probakle that no
Ecc‘uliar kind of clectricity is inherent in any one
ody.

§ 2=0f Llectricul Conductors ard Non-Conguctors.

There arc some substances which, when cx-
amined by the above-described methods, are not
observed to become electrical. If we, for in-
stance, rub a eylinder of metel with flannel or silk,
it is perfectly inert when brought near the feather:
but the exception here is apparent onf¥ ; the sub-
stances previously used, such as glass and wax,
are non-conductors of electricity ; that is, they
receive and retain it upon the excited surface ouly;
but'a bar of metal is acondirctor, and when elec-
tricity is produced upon it by friction, it imme-
diately spreads over its whole surface, and is car
ried off, as it were, By the hand, to” the carth
and all surroundin;r condugtors. To shew that
the metal actually §s excited iy the same way
as glass, attach it to some non-conductor: for in-
stance, attach a cylinder or plate of brass to a rod
of sealing-wax, which may serve as its handle;
&hen rub the brass against a dry and warm flannel,
and, taking carc not to touch any part of it with
the hand, bring it ncar thq feather, which will
b€ attracted, and then repelled, preeiscly as by the
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glass and wax. In thest cases the metals usually
acquire negative elactricil. .

. We now, then, can Tnderstand the division
of bodies into conductors and -non-conductors.
There arc also a set of bodies intermediate
between the above extremes, which are called
tmperfect conductors. The nonconductors, rea-
dily exhibiting their electricity by _friction, are
often called electrics, in opposition to the metals,
aud zood conductors, which are called non-
electrics. The el>ctrics, from their power of
preventiny the passage or transfer and escape of
electricity, are also sometimes termed inswlators.
Thus, a brads rod mounted upon a stem or foot of
glass or sealing-wax, is said to be an insulated
conductor.

The metals are by far the most perfect con-
ductors ; ndit to them come well-burned charcoal
and plumbago; then some of the concentrated
acids, and sirong saline solutions, Water, rarcfied
air, most vapours, and many stony bodies and
metallic orex, are imperfecl ¢conductors.

Shell lac is the most perfect non-conductor, and
an excellent substance to use wherever good in-
sulation i¢ required. Sul}hur and wax are also
non-conductors ; and so is '{lass, which, though
in this respect much inferior .o some other sub-
stances, is, from the convenience of its application,
the usual insulator employed in all common elec-
tricgl apparatus. Raw and -bleached silk stand
high upon the list of non-cunducting substances ;,,
but dyed silk is often a partial conductor, in con-
sequence of the substances used to colour it:
hence, in the abovg. experiments, we have advised
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feather. Dry air, and{ baked wood, are non-
conductors. i '

There is no constant relation between the states
of bodies and their conducting powers.” Among
solids, for instance, jmetals are conductors ; resins
non-conductors: among liquids, stromg alkaline
and acid solutions are good conductors ; water is
an imperfect conduetor; oils are non-conductors.
Solid wax is almost a non-conductor, butesihH
melted it becomes a good #ne. Conducting
powers belong to bodies in the most opposite
states; thus, the flame of alcohol at a white heat,
and icc at the temperature of 82° are®conductors.
Glass, when cold, is a non-conductor ; but when
red-hot it is a conductor: the diamond is a non-
conductor: but pure and well-burned charcoal,
which is ;merely another form of ®iamend, is
among the best non-metallic conductors.

white silk for the susper(;?on and insulation of the

§ 3.—Of Indyced Electricity.

We have laid it down as a general rule, that no
electrical attractions exigt, except between bodies
in opposite or dissimildr dlectrical stat® ; and we
have shewn that wlgh any electrified body, such,
for instance, as ant:xcited’stick of sealing-wax,
is brought near other non-elbctrified bodies,
they have a tendency to be attracted by it. This
tendency exists among all surrounding substanges,
{;ut. such, of course, only as have freedom of mo-

ion, are observed to move towards the excited
electric: ‘such as the suspended feather, particles
ofedust, and any other light and maveable bodies.
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Now, as these are atf-acled by the elcctrified
body, it follows that fiey must previously be
thrown into an opposite Mlectric state, by the mere
proximity of the excited electric; and this is really
the case © whenever an clectrified body is brought
near to another in an unelcctrified state, the sur-
face of therlatter, opposed to the former, becomes
opposilely eleetrical, and is consequently attracted
by it.

“"Likctricity is thus said to be indueed in the
surrounding bodids, by the vicinity of any excited
electric: thus, when a highly electric cloud hovers
over the carth, that portion of the surface op-
posed to the cloud, becomes in an oppositely elece
trical state, and conseyuently attractive of the
cloud ; thus, during a thunder-storm, we often see
an electric cloud perch upon the summit of a hill,
and remain there till it has discharged its elece
tricity, when it is wafted quietly away.

Elcetricity by induction presents us with some
very curious phcnomena, which may here be
stated gencrally, and more particululy explained
afterwards. We have already said, -that when
an electrified body apprsaches another in its or-
dinary state, the surficedof the lattgr opposed
to the electrificd body acquiics an opposite state :
this opposite state, however: only belongs to the
opposed surface; for the other side of the body,
though also electric, is dissimilarly so. This
statement may be rendered more intelligible by
the following diagram:—
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Let @ represent a brass needle freely moving
upon its centre, which is supported upon a glass
foot. b, a conductor positively clectrified, and
within a few inches of the pith ball ¢ attached to
one of the points of the needle.  'We shall now
observe that ¢ is allracled by b, and may there-
fore infer that it is negafive ; and that this is really
the case may be shewm by bringing near to the ball
¢, a stick of excited sealing-wax, by which it will be
repelled.  But if we »y bring the sgaling-wax
towards the ball d, it Will be atiracted by it: here,
then, hy the prom(nify ofy the conductor b, we
have induced in theSneedle @ an glectropolar state ;
b being positive, ¢ is negative, d positive. To
explain this further by the help of eur hypothesis :
let us suppose the natural or quicscent elcctricity

«of @ to be disturbed by the presence of b, which
causes a portion of it to be repelled or driven
from ¢ to d. The end e, sherefore, is negative,
or minus, that is, it has legs than its matural
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ortion of electricity; énd d is positive, or plus,
chause in it clcctrlcityjlis accumulated : in the
centre there will be a ntutral point, in which no
electricity is manifest.
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The polar arrangemer¥ thus caused by induced
electricity, may be carried to any extent: thus,
suppose & in the precedifg diagram, to represent a
body negatively electrified, b would become posi-
tive, ¢ negative, d positive, ¢ negative, and so on,
through any extentsof conductors, the last being
in communication with the earth. Thes the fea-
ther attached to the insulated conductor at b, is
attracted towards @, and the feather c attracted
by d; these feathers and surfaces being respe®ively
in oppositely electrical slates. *

Having now described the properties which
bodies acquire by clectrical cxcitatign, we may
next advert to some instruments and apparatus
requisite for their further examination.

§ 4.—Of Electroscopes and Elcctrometers.

Electroscopes and eleclrometers are instruments
by which any change in the electrical states of
bodies are rendered evident, and their intensities
measured. .

One of the simplest of thcse consists of two
small pith balls, suspen’(’led‘ by very fine .thread, or

—" .. T
=iz Ee

sil'ver wire, to the end of a small insulated con-
ductor. 'When this receives electricity, the balls
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diverge, and the nature pf the electricity hy which
they are diverged may bd judged of, by approach-
ing the conductor with abpiece of excited scaling-
wax : if the divergence increases, it is the same as
that of the wax, or negative: if it diminishes, it is
opposite to that of the wax, o~ positive,
Where & more delicate test of the presence of
electricity is required, we substitute for the pith
swRalls, two small slips of gold leaf; and as these
aredpt to be deranged by the slightest motion of
the air, it is necessary to enclose them in a glass
cylinder, sufliciently capacious to allow of their

divergence. They are conhected with the brass
cap of the instrument, whicl} is used in the sume
way as the preceding. Thid is commonly called
Bennel's gold-leaf clecirometer.

The delicacy of the gold-leaf electrometer is
much increased hy an improvement in the in-
sulation of the leaves, which we owe to the late
Mr. Singer.

The instrument i¥ constructed as usual, with a
glass cylinder surmounted by a brass cap, but the
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insulation is made to depend upon a glass tube,
about four inches long, #hd onc-fourth of an inch
internal diameter, covcrc‘ both on the inside and
outeide with sealing-wax, and having a brass wire
of a sixtcenth or twelfth of an inch thick, and five
inches loug, passing through its axis, so as to be
perfectly free from contact with any part of the
tube, in the middle of which it is fixed by a plug

of silk, which keeps it concentric with the internal
diameter of the tube.’ a is a brass cap screwed
upon the upper part of this wire; it serves to limit
the atmosphere from frfc fontact with the outside
of the tube, and alsogdefends its inside from dust;
to the lower part oy the wife the gold Jeaves are
attached, and the whole mounted =18 usual, and as
represented, in section, above.  When sch an
clectrometer is to be employed in atmospherical
Jnvestigations, the contrivance described by Mr.
Ronalds (Quar. Journ. ii. 219) may be conve-
niently applied to it. .

«The kind of clectricity by which the gold leaves
arc diverged may be judged of,*as before, by ap-
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proaching the cap of the instrument with a stick
of excited sealing-wax:) if it be ‘negative, the
divergence will increasqs; if positive, the lcaves
will collapse ; upon the principle of the mutual
annihilation of the opposite electricities; or that
bodies similarly electrified rapel each other, but
that " when* dissimilarly electrified” thcy become
mutually attractive.
~.Jo ascertain the actual repulsive and attractive
wets appertaining to weakly-electrified bodies,
. Coulomb has Sngeniously availed himself of
the principle of torsion, and has thus constructed
his electrical balance. 1t consists of a fine me-
tallic wire, @, one end of which is attached to the
screw b, and to the other is suspended the hori-
zontal needle ¢, composed of gum-lac or other
non-conductor, and armed at one extremity with
a gilt pith ball, counterpoised at the other end by

bs
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an index. . Thé conductor d is g bmall wire with
a ball at each end, passing through the glass
receiver in which the reedle is suspended, and
having its lower ball ‘Jposcd to that of the
needle. By the screw b, the two balls are brought
into contact, and the index then points to o, on
the divided scale of "degrees. On comgmunicating
a very fechle electrical power to the conductor, it
transfers it to the moveable pith ball, and repels
it a certain number of degrees, proportional to
the intensity of the acquired elgctricity, and mea=
sured by the power of torsion which it cxerts
upon the fine wire. By experiments made with
this electrometer, it would appear timt the elec-
trical powers follow the law of gravitation, in
being in the inverse ratio of the squares of the
_distances of the acting bodies. In the. most
delicate construction of the instrument, a. single
silk-worm’s thread is used instead of the wire.

By means of the gold-leaf clectrometer, con-
structed as above, we discover the existence of very
slight states of electridal excitation, which elude
all common methods Of detection. If the cap of
the instrument be gently struck with a silk hand-
kerchiefl, a powerful diterhence may b® given to
the leaves, resulting from the friction-of the metal
and silk; if blownyupon Wy a pair of bellows,
-electrical excitation is also indilated, depending
probably upon the friction of the air upon the
metal ; and it will be found in the sequel, that we

Lonveniently avail ourselves of this instrument to
detect the production of clectricity resulting from
a varicty of othér causes. :

“The nature of the electricity by which the
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leaves are repglled, may be discovered by ap-
proaching them either with an excited stick of
sealing-wax, or a glass yod : if the divergence is
increased by the formdy, it is negative; if dimi-
nished, positive; if increased by the glass, it is
positive; if diminished, negalive.

In conssquence of the law of excitation by in-
duction, which has been above explained, it is
sometimes supposed that this method of merely
appreximating the instrument, instead of actually
touching it by the excited wax or glass, might
lead to crroneous conclusions; but if we cxamine
a little more particularly into the state of things,
we shall flad that, consistently with the law of
induction, electropolarity will be produced, and that
conscquently, the gold leaves will acquire the sume
electricity as that of the wax or glass, although
the cap of the instrument may be in a different
state. Thus, let N represent a piece of excited
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wax, negalive; P the cap of the electrometer,
positive; N the gold leaves, ncgative, that is,
similarly electrified to thg wax.

§ 5.~O0f Electrical Machines.

)

In the preceding details we have awailed our-
selves of the simplest apparatus, in order to
explain the leading and principal laws of elec-
trical excitation; all the experiments are %tasily
made, and their results inclwle the most im-
portant facts connected with the subject, to which,
therefore, in the sequel it will be necessary fre=
quently to recur.  For the further pradical prose~
cution of these experiments, an electrical machine
is indispensable; this, therefore, we may now pro-
ceed to deseribe.

The best clectrical machine for experimental
purposcs, and for the general use of the young
student, is represented in the following wood-cut.
It is commonly called Nairne's machine, and may
be obtained at most ¢f “the philosophical instru-
ment makers.

It consists of a glass,eylinder A, abgut 10 or
12 inches in diameter, and 15 to 20 inches in
length, turning between two upright pillars of
glass, B B, fixed to i stout nfahogany base. Two
smooth metal conductors, equal i length to the
cylinder and about onc-third of its diameter C C,
arc placed parallel to it upon two glass pillars
P D, which are cemented into two sliding pieces
of wood E, by which their distance from the cylin=
der may be adjusted. One of ghe conductors has a
cusliion, F, attached to it (by a bent metazllic spring)

N
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nearly as long as the cylinder, and about one
inch or an inch and a half wide, to the upper part
of which is sewed a Aap of oil-silk, G, which

should reach from the cushion over the upper
surface of the glass cylinder, to within about an
inch of a row of points attached to the side of the
opposjte conductor. The conductor to which vhe
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cushion is attached is called the negative con-
ductor ; the other collects the electricity of the
glass, and is called the §ositive conductor: H is
an adjusting screw to reghilate the pressurc of the
cushion upon the cylinder. The motion of the
cylinder is in the direction of the silly flap, and
may be most simply communicated by a handle
attached at I, or, if necessary, by the multiplying
wheel K. -

To put this electrical macljne into good ac-
tion, every part should be made perfectly clean
and dry. The cushion is then anointed with
amalgam, and applied by a gentle pressure to the
cylinder.  If positive electricity is required, it
may be rcceived from the conductor bearing the
points, that supporting the cushion being unin-
sulated by a wire passing from it to the stand; if,
on the contrary, negative clectricity is required, it
may be obtained from the insulated cushion cylin-
der, the other being uninsulated.

The hest amalgam is composed of one part of
tin and two of zinc mblted together, and mixed,
while fluid, with six paxrts of hot mercury in an
iron mortar. This mixtfir® is triturated 11 it be-
comes a fine powder, which is then formed into a
tenacious paste with hog’s lard.

Another form of the clectrical raachine, usually
called the plate machine, consists of a circular
glass plate A, mounted upon an axis, and rubbed
,Ey two pairs of cushions, as shewn at BB. The

rass conductor C has its points opposed to the
plate, and is insulated by the glass stem D: E B
are double pieces of oil-silk passing from the
cushions to ncar the points. The whole is sup-
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ported by a stout mahogany frame, and motion is
given to the plate by the winch F.

4 3 N
These clectrical machine$ have considétible
power; they arce casily cleaned and excited, and
are morc portable than the cylinders ; but as they
cannot be conveniently insulated, the negative
electrical power cannot be well exhibited, so thay
for the. purposes of cxperimental research the
former.gnachines aré preferable. N
“Wheén cither of these clectrical machines have

?
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been for some time out of use, they require to be
thoroughly cleaned: for this purpose the con-
ductors and cushions must be removed, and the
cylinder or plate cleanse(fwith a little whiting and
spirit of wine ; it must tifen be wiped perfectly dry
with a clean, warm,®and soft clotgn. It is a com=~
mon custom to set the machines befofe the fire,
but this is apt to soften their cemented joints, and
often endangers the plate or cylinder; the Jormer
cspecially is often cracked by incautious warming.
Diyness rather than warnith of the air is requisite
for the activity of the clectrical machine; it
should, thercfore, be kept in a dry roem. When
the glass parts of the machine are perfectly clean
and dry, the cushions, freshly amalgamated, may
be applied; their pressure upon the cylinder or
plate should be very moderate, and they also
should be dry and warm.

Wlen the eleetrical machine is in good order,
and the atmosphere dry, it produces ¢ crackling
noige when the plate or cylinder is turned, and
flashes and sparks of tight arc seen upon various
parts of the glass, passing from the cushion to the
conductor: if the knudhle be held near® the con-
ductor, sparks pass to it through some inches of
air, with a peculiar noise, sandsexcite a slightly
painful scnsation in'the part upon which they are
reccived. .

It is conjectured that the cause of the light
thus perceived, is the sudden compression of
the air or mediun through which the electricity
passes, and it is always pr«;bably attended by a
peoportionate elcvation of  temperature, as is
shewn by the power of the spagk to inflame spirit
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of wine, fulininating silver, and other easily in-
flammable compounds.

In these electrical maghines the surface of the
glass becomes positive, b‘;‘friction upon the rubber
or cushion, which becombs negative; and as the
cylinder or plate is kept in progressive motion, it
follows that, provided there be a means of carry-
ing off its positive clectricity, it will continually
receive a new supply from the rubber; if, on the
contrary, no mcans of conducting it away be re-
sorted to, it will perpetually annihilate itself by
retransmission to the cushion. But it follows,
that when the cushion is . insulated, the abduction
of electricity must be very limited : heuce, to the
full and perfect operation of the clectrical ma-
chine, twg circumstances must co-operate ; there
must he a mean$ of withdrawing the generated
electricity from the surface of the glass, and of
preserving the supply to the cushion: of these,
the former is effected by the opposed points and
prime cenductor; the latter,”by connecting the
cushion by a metallic chain®or wirc with the earth.
We accordingly observe, in examining the opera-
tion of ‘he clectrical *mtchine,—J}st. That the
clectricity in cither conductor is extremegly feeble
when they are both +vell insulated. 2ndly. That
when one conductor is uninsulated, the power of
the other is sproportionately augmented ; in the
positive conductor, because then the other draws
uninterrupted supplies from the carth; and in the
negative conductor, berause the positive freely
transmits, and hence is left in a state rapidly to
receiye, »-8dly. That the cushion and the surfaze
ofiﬁf&i glass are always in opposite statcs. 4thly.
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That the negative and positive elecfyicities excited,
bear precisely that relation which enables them,
when combined, to ncutralize each otler : in other
words, that the deficiefcy of electricity in the
one conductor, is exactfv such as to be restored
by the redundancy in the other.

The law of electrical attraction afd repulsion
corresponds with that observed in magnetism, the
similar poles of magnets repelling and thejr dissi-
milar poles aliracting each other.

The appcarance of the electric light is modified
by the density of the medium through which it
passes. In common air, short sparkseare straight,
or nearly so, and long ones zigzag; the former
are brilliant, especially at their extremities ; the
latter usually of a paler or redder hue. In con-
densed air, the electric spark is bright and white ;
in rarefied air, it is of a reddish tinge, and faint
and divided ; in the morc perfect vacuum of a
good air-pump it is of a purplish hue, and only
visible in a dark rdom.s In a good Torriccllian
vacuum the light is €aint bluc; dnd in the most
perfect vacua which can be obtained, it is scarcely
visible, and of a green#hetint. In different gases,
the electric spark appears most brilliant in those
which are most dense ; in hydrogen gas, it is faint
and red ; in carbonic acid, it is viwd and white.

By the aid of Nairne’s electrical machine, all
the phenomena of excitation, and of attraction
and repulsion, may be very conveniently studied.

' The conductor attached to the cushion is negative,
and that opposed to the cylinder positive; the
former, therefore, represents the sealing-wax, and
the latter the glass, employed in ihe experiments
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above described. If we attach two pith balls toeither
conductor, they will of course repel each other;
but if one be attached tg the negative, and the
other to the positive conguctor, they will attract
eacl. other. If the two ctnductors he connected
by a metallic wire or chain, all clectrical appear-
ances cease; shewing that the negative and posi-
tive powers arc exactly such as to newlralize or
annihilate cach other.

Whenever a spark passes, it announces the
annihilution of the vpposite electrical states, they
having been previously brought into existence by
inducuion. Thus, if I hold my knuckle ncar
the positive conductorrof the clectrical machine, it
immediately becomes negative; and when these
opposite states have acquired a certain degree of
intensity, a spark passes from one to the other,
and the state of excitation is at an end.

§ 6.—TFurther Hlustrations of Electrical Alraction, Repul-
sion, and Induction. 4 .

The statement of facts respecting electrical at-
traction, vepulsion, and “Snduced electricity, ad-
mit of many clegant and amusing illustrations by
the electrical maching; the dpparatus for which,
with instructiong for its use, will be found in
most of the rgpositories of the philosophical in-
strument makers,

Among the most entertaining, are the head of
hair, which stands on ead when cleetrised, in
conscquence of the rcpulsion that takes place
throughout the simildily clectrified hairs. A simj-
lar experment magy be made by placing a person
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upon an insulated stool, in connexion with the
conductor of the electrifying machine; his hair
will diverge as in the above figure.

The following is a sketch of the simplest
form of the electrical peal of bells, which xing
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by the attractions and repulsions of small clap-
pers suspended between them. The bells are
arranged as follows: & js a brass hook and wire
by which they are suspdnded to the conductor;
b the bells attached to thelwire by a brass chain;
¢ the clappers suspended by silk.  The electricity
received at @'is slowly dissipated by the edges of the
bells, the ringing of which is occasioned by the
alternate attractions and repulsions of the insu-
lated clappers. A Detter arrangement consists in
suspending the ceniral bell by silk in the same
way as the clappers, and connccting it with the
table by the rire c.

Dancing figures, cofout of light paper, may he
made to exhibit very ridiculous movements by a
little management in turning the machine. ¥or
this purpose, suspend a brass plate from the con-
ductor of the machine, and bencath it, at the dis-
tance of four or five inches, place a similar brass
plate connected with the ground ; on this put the
paper figures; when the upper plate is electrifigd,
they rise and perform a dance by their motion
between the plates,

A good* experiment illddtrating attraction and
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repulsion, consists in attaching 2 wire, with a
blunt point, to the prime conductor, and holding
over it a clean dry bell-glass, the interior of
which will thus recelve a superficial charge ; if it
be then set upon the tagle over a dozen pith balls
of different sizes, they will dance up and down in
it for scveral minutes, until they ave ncarly
carried off its redundant electricity. L

Among the experiments particularly illustrative
of clectrical induction, we may notice th® lumi-
nous fubes and awords, in which a number of
sparks are made to pass between small pieces of
tin foil, so arranged as to produce il.l a darkened
voom a variety of figuregzand devices. In the
tuminous tube, a number of small spangles of tin
foil arc pasted spirally round a tube about half an
inch in diamecter, and within a very short distance
of each other; upon holding it to the prime con-
ductor of the machine when in good action, a
beautiful succession of small sparks is scen be-
tween each of the little dises of foil.  Now, in all
cases, before a spark can pass, the opposite elec-
trical states must be brought into action, and they
arc Lere produced bypiyduction throyghout the
series of spangles, the passage of the sparks in-
dicating the momeary annihilation of the elec-
tricitics thus excited. ~ Let®the. annexed figures,
for iustance, represent three ‘of the dises or
spangles: it follows, then, that® 1 being held

. 00O
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ncar to the positive conductor, will become polar,
as represented by the letters P and N; and the
whole series, whatever may be their number, will
be thrown into the same state as the conductors
represented in the ﬁgm\l at page 172, and re-
main so till the spark passes. |
.
8 7~—0f. the Dissipation and Reception'of Electricity by
. Points.

The influence of points in receiving and carry-
ing off clectricity has already been adverted to,
and may be further elucidated by the help of the
electrical mdchine. 1f we hold a pointed wire to
the prime conducter,’ it rapidly and silently draws
off its electricity, and sparks cannot be taken
from it by the knuckle, or a brass hall, while the
point is in its neighbourhood ; or if we attach a
pointed wire to the conductor, there is the same
disappearance of electrical accumulation ; and on
holding the hand ncar the point, we perceive a
peculiar coldness, or wind; as it were, which.has
been called the electrical dura: it is cven suffi-

ciept to blow out a candle held near it. This’
a‘l!'lés from the powar possessed by the point, of
indefinitely augmenting the intensity of the elee-
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tricity, which it communicates to the air, and
which, consistently with the usual laws of repul-
sion, immediately passes off, or is repelled, and
this rapid recession causes the current which is
perceived. J

If the point itself,be moveable, it will of course
be itself repelled, and upon this principle a varicty
of ingenious apparatus has been constructed, such
as fly-wheels, orrerys, and so on. A simple in-
stance is shewn in the annexed cut, in whith a fy
with four arms, each ticrminating in a point at

right angles to the anm, is balanced at its centre
upon a pointed wire sk into the pwime con-
ductor. The escape of the eleetricity from the
points, and its acsion upgn the adjacent air,
causes the fly to revolve rapudly. |
If thesc experiments be made 1 the dark, it is
observed that a point held towards the negative
conductor has the appearance of giving out a
sbdrush of light; but when held to the positive
conductor, a luminous star or point is all that is
observed. These appearance have been supposed
t8 demonstrate the existence of, an electric fuid,
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which, in the one instance, is supposed to be
escaping from, and, in the other, received by, the

#

point : but these aflections of light cannot be ad-
mitted as proofs of the existence of any distinct
fogm of matter.

hrYed
i
§ 8.—0f Induction through Glass-—~Construction of the
Leyden Jar.

From what has been saiil rcsl)gcting~,elemri’éity
by induction, and the clgetrical accumulation de-
pendent upon it, it will appear that the interven-
tion of conductors and non-c¢ynductors is requisite
to the existence of the phenomena.  In the cases
cited, the non-cbnducting medium through which
it takes place’ is the air; we shall now shew that
induction may also take place through glass,

‘For this purpose it is only necessary to excite,,

ide of a clean, dry pane of glass, by rubbing
i y h a piece of silk; and on holding a feather
o ‘pith-ball to the other side of the pane, it also
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will be found strongly electrical. *If we now ex-
amine the nature of the electricities by which the
glass plate is charged, it will be found that the
rubbed side being positive, the opposite side is
negative. ]

In the same way we may charge a plate of
glass with the opposite clectricitics, bw holding it
to the prime conductor of the machine:, in this
case sparks will often appear to pass through the
glass ; but, on removing it, the side wifich has
louched the conductor will beefound positive, and
the opposite side negative.

As glass is a non-conductor, it ig difficult to
spread the clectricity equally over its surface:
this, however, may easily be cflected by coating

7.

both sides of the page with thin tin-foil to within
about an inch and a-half 8r two inches of the
edge, as shewn in the above eut. If we now
communicate electricity to one side of the plate,
the other, not being insulated, will become oppo-
» sitely clectrical, and in this way a charge will be
acquired by the plate: if we now, by nieans of
a bent wire, make a commugiication between the
tvo sides of the coated pane, a.bright spark will
o
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pass, and the accumulated electricities will be im-
mediately annihilated.

We avail ourselves of arrangements of this sort
for the purpose of accumulating electricity, which
may thus be accomplished,io a great and power-
ful extent; but the pane of glass is an ingon-
venient forin of apparatus for the purpose, and
we usually substitute for it a phial or jar, as
represented below, coated inside and out with
tin-foil *io within threc or four inches of its
mouth, A brass wire surmounted by a knob is

then made to communicate with ghe interior coat-
ing, and the apparatus is ready  $0"xeceive its
charge of electricity, precisely up @ same prin-
ciple as the pane of glass. Thi§¥s called the
Leyden jar or phial, tﬁe method of arrangement
having been accidentally discovered at that uni~
versity. The glass should be thin, and, as far as
possible, uniform ghroughout; for phials or jars |
ich are very thick, or much thicker i one
e than another, age unfit for the purposc.
“I+If we now hold the jar by its outer coating,
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and present the knob near to tile donductor of the
machine, a succession of sparks will pass into it,
at first very rapidly, afterwards more slowly, and
at length ceasing altogether. The jar is then
charged, and if a comgunication be now made by
a metallic wire, frgm tfie outer to the inner coat-
ing, a bright spark, attended by a snapping noise,
will pass from the knob, after which no further
effect will be produced, the jar having Deen dis-
charged. o

The wire used for this purpose should be
mounted with balls at its ends, and is usually
called a disckarger, a; it is somet.imes Jointed,

(‘. a /0

N’

-
for tk; convenience of applying it to large and

small {ars, and mounted upén a glass handle, &.
° If, having charged the jar, and holding its ex-
R o2
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terior coating in onc hand, we touch the knob
with the other, the spark passes as hefore, and we
perceive a peculiar and very painful sensation at
the wrist and clbows, and across the breast, which
is called the electric shoag. 1t is painful for'the
moment only, and leaves' little other permanent
impression shan that resulting from fear or sur-
prise.

In charging the jar as above described, 1t we
keep it"in contact with the conductor, and the
machine is in gooe action, we observe, after a
time, that flashes of light pass across the un-
coated interval, which are soon followed by a
loud crack or explosion, and a long and brilliant
spark passes from'the wire to the coating. In
this case the clectricity has been accumulated to
such a degree of intensity, as to discharge itself
spontancously over the uncoated interval.

Wo ascertain the relative charge which the
jar has reccived, and its power of retaining that
charge, we employ the guagdrant electrometer, con-
trived by Henley. It consists of a round stgni of
metal, seven or cight inches long, surmounted by
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a ball, to which is attached a semicircle, most
conveniently made of thin ivory: in its centre a
pin is fixed, on which a slender slip of cane,
about four inches long, with a pith-ball at its other
end, turns freely, andMraverses the semicircle as
an index; the loser half of the semicircle is
divided at the cdge into ninety degfecs. Wheyg
this instrument is electrified, there is, of ¢ourse, a
tendency to repulsion between the moveable ball
and the stem; the ball therefore recedes, and
carries the index over the graduated circle, to a
greater or less extent, in proportion to the in-
tensity of the electric charge.  Thg repulsion is
at its maximum when the index stands at right
angles to the stem, or at 90° upon the scale. This
electrometer may be fixed vpon the prime con-
ductor, or upon the knob of the jar. The latter
is often a very convenient place for it, because,
having charged the jar and removed it from#the
conductor, we sce by the behaviour of the elec-
trometer, how far the jur retains its charge.

In. charging thee Leyden jar many bundred
sparks are observed to enter it, which, when it is
discharged, are all corteatrated into ene; hence
the brilliancy of its light, the loudness of the ex-
plosion, and the alliteness of the sensation which
it produces. .

When the jar is in dircet compunication with
the conductor of the machine, it diminishes the
intensity of ils electricity, and conscquently ad-
mits a greater change iR ils electric stale
before any given resistance is overcome, or force
&f attraction manifested.” This is shewn by
attaching the quadrant electrometer to the con-
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ductor of the machine, which, when turned, im-
mediately, causes it to rise to its full extent; but
when the interior coating of the jar is in union
with the conductor, the machine must be turned
for some time before the {ise of the electrometer
attains its maximum, ¢

The annthilation of positive by negative clec-
%ricity, ~nd the reverse, may be strikingly shewn
by attaghing the quadrant electrometer to a Ley-
den jar, and giving it a certain charge—say to
twenty degrees—from the positive conductor;
then transfer it to the negative conductor, and
wlhilst apparently receiving a negatiye charge, the
electrometer will gradually fall, and, at length, all
electrical accumulation disappear: then, as the
jar acquires its negative charge, it will again rise,
and may be again discharged by transferring it to
the positive conductor.

xI};w power of the Leyden phial, as a source of
electrical accumulation, being dependent upon the
opposite states of its twe surfaces, it is obvipus
that one of them must always be connected,with
the ground, in order that it may acquire its
charge. {f we suspend & jar by its knob (a thin
globulai jar answers best for this experiment) to
the positive conductar of the machine, its outer
coating, being surrounded by dry air, cannot give
ofl any of its netural electricity, and consequently
it will reeeive no charge so long as it remains
thus insulated ; but if we hold the hand near the
outer coating, sparks will pass off, and the jar
acquire a charge. This is a good experiment,
illustrating the Franklinian theory of electricity,
which supposes the electric fluid to be present in
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all bodies, but to manifest itself only when its
uilibriwmn is disturbed. Thus, when we charge
a jar in the usual way, we add to the electricity of
its interior coating, whilst its exterior throws off
an equivalent quantitys so that the former be-
comes positive, om plﬁs, and the latter negative,
or minus: but if the jar be insulateds the electri-
city cannot escape from the outer coagng, and
conscquently the jar cannot be charged.

The following cxperiment further illustfates this
position :—Take two Levdendgars of similar size ;
insulate onc of them by fixing it upon a glass
¢tand @, and place the other on the gable, with its
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knob half an inch distant from the coating of the
insulated jar, the knob of which should be placed
at the same distance from the condwctor of the
machine. For every spark that passes fo the
knob of the first jar, b,«there will be a similar
spark pass from its coating.to the knob of the
second jar o, and both jars will become similarly
and cqually charged.  As, therefore, the sccond
jar is thus charged by sparks emitted from the
exterior” surface of the first, and as their charges
are equal, it follows that for every portion of
electricity added to one side of coated glass, a
corresponding or equivalent portion leaves the
opposite surface. The wood-cut just given shews
the proper arrangement of the apparatus for this
experiment.

Upon this principle @ jar may be charged by
the transfer of its own nalural electricity from
one surface to the other: for instance; suspend a
jar to the positive conductor of Nairne’s machine,
and connec: its outer coating by a wire with the
negalive conductor or rubber, the whole being in
a state of insulation, so as to prevent the access
of electricity from the carth. A few turns of the
machine will charge the jar; that is, the clec-
tricity which is thrown info ‘s inner surface by
the positive conductor, is abstracted from, or sup=~
plied by, its outer surface.

This experiment is further instructive, as shew-
ing the impermeability of glass to the electric
Suid, for tf:e conductor and the rubber ef the
machine are separated from conducting contact
with each other by the thickness of theglass jax
only, .and. a considerable accumulatiomﬁ elec-
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tricity takes place, which the contact of the thin-
nest film of conducting matter, or the slightest
fissurc in the glass, would effectually prevent,
When the glass of the Leyden jar is very thin, it
does occasionally happ? that it is perforated by a
powerful charge: in tlfis case a small round hole
15 observed in the glass, and the jar®is rendered
useless. -

It has been said above, that a plate of glass
not covered by tin foil, may be charged by contact
with the prime conductor: e metallic coaling,
thercfore, is not cssential to ils charge, but its
principal use ig, by its conducting power, to spread
the clectricity over the surface of the glass, and
to cnable it. when the discharge is inade by uniting
the opposite surfaces, to be carried off af once in
a single spark. Jars are sometimes made with
moveable coatings; these may be charged as
usual, and the coating removed and again replaced,
when it will be found that they still retain their
electricity, which appears to adhere to the surface
of the glass. .

In speaking of the different states of electricil?',
the terms quantity and inlensily are frequently
used to indicate the different phenomena which 1t
cxhibits: the form¥r impligs the actual quantity
of electric power in any body; ,and the latter, or
the term Zension, significs the state of electricity
indicated by the electrometer, and its power of
flying off from surfaces, and passing through a
certain stratum of air or other ill-conducting me-
dium. The meaning of these terms, will be more

. 21 0. I
gvident when we are considering the’ electricity of
voliaic combinations ; in the mean time, as ree
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gards the electricity of the machine, they may,
perhaps, be further illustrated as follows. If we
suppose a charged Leyden phial to furnish a spark,
when discharged, of one inch in length, we should
find that another unchatged Leyden phial, the -
inner and outer coating ot which were communi-
cated with those of the former, would, upon the
same qeantity of electricity being thrown in, re-
duce the length of the spark to half an inch;
here, the quantity of electricity remaining the
same, its infensity is diminished by one-half, by
its distribution over the larger surface.

It is obwkous, that the extensipn of surfuce
alluded to in the last paragragh will be attended
with a greater superficial exposure to the unelec-
trified air; and hence it might be expected, that a
similar diminution of intensity would result from
the vicinity of the electrified surface to the ground,
or to any other body of sufficient magnitude in its
ordinary or unexcited state. That this is the case,
may be shewn by divergittg the leaves of the gold
leaf electrometer, and in that state, approaching
the instrument with an uninsulated metallic plate,
which, when within half*an inch of the electro-
meter plate, will cause the leayes to collapse ; but
on removing the uninrulated plate, they will again
diverge, in consajuence of the electricity regaining
its former intewsity. The same fact is shewn by
the condensing electrometer. (See page 206.)

The power of the Leyden jar is proportioned to ,
its surface, but a very large jar is inconvBnient,
and difficult to precuge; the same end is attained
by arranging several jars, so that by a communir
cation existing between all their interior coatings,
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their exteriors beingsalso united, they may be
charged and discharged as one jar. Such a com-
bination is called an electrical battery, and is use-
ful for exhibiting the effect of accumulated elec-
tricity. Py

The discharge of “the’ battery is attended by a
considerable report, and if it be passed through
small animals it instantly kills them ; if #hrough
fine metallic wires, they are ignited, melted, and
burned; and gunpowder, cotton sprinkled with
gowdered Tesin, and a variely of other com=

ustibles, may be inflamed by the same means.

[ ]

§ 9.—Of the Electrophorus.

There is only one other piece of common elec-
trical apparatus which we shall here describe in
detail, which is often used as a permanent source
of electricity, and may sownetimes be conveniently
and economically substituted for the electrical
machine, -especially in the chemical laboratory ; it
is .called an electropforus. It comsists of twe

metallic plates, @ a, with an ’interv’eﬁng plate of
resinous matter, b, for which equal parts of shell-
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lac, resin, and Venice tugpentine, are generally
used, the mixture being carefully melted in a pip-
kin, and poured, whilst liquid, into a wooden
or metal hoop, of a proper size, placed upon a
polished surface of glass'pr marble, from which it
easily separates when ccld it should be about
half an inth thick, and the smooth surface being
uppermost, the lower side should be covered with
tin foil, or attached to any other metallic plate ; a
polished brass plate, with a glass handle ¢ attached
to it, is then placel upon the upper susface of the
resinous plate, and of rather smaller diameter.
The resin ig then to be excited with a piecce of
dry fur, and the ipstrument will be found to exhi-
bit the following phenomena.

Upon raising the brass plate by its insulating
handle, it will be found very feebly clectrical ; re-
Place it, touch it with the finger, and again lift it
off by its handle, and it will give a spark of posi-
tive electricity, This proccss may very often be
repeated without fresh excitation, whichugirgum-
tance, as well as the nature of the “ejfighrical
charge, shews that the electricity of the moveable
brass plate is not direcéld) derived from the resin,
but that it depends upon induction : this is more
obvious by considerivg the upper plate, not as in
contact with, bat merely very near the.resinous
disc, which, from the minute irregularities upon its
surface, is really the case ; the negative electricity,
therefore, of the excited resinous plate, is comuu-
nicated from a few points;pficontact to the brass

late, upQg its first application, and then, the
tter is g#fcisely in the state .of a conductor op-
posed ut not<ouching, an electrified surface;
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and consequently in dye condition to be rendered
electrical 1y inductic¥’, when occasionally unin-
sulated by the contact of the finger.

‘With this instrument, one phenomenon of in-
ducticn may be shewn, .which cannot be so well
exhibited by any othe:; namely, the incrcased
capacity for electricity of the couductr under the
influence of induction. The brass plate, when
placed upon the resin, may be regarded as in" a

olar state; the lower surface near the resin
cing positive, the upper surfare being negative.
Upon touching the upper surface with the finger,
it instantly acquires clectricity, loses its polarity,
and becomes positive, giving, upon removal, a
positive spark to any conductor.”  That the quan-
tity of electricity received from the finger, or
other source, is equivalent to that given out, is
shewn by the following experiment :—place the
metallic upon the resinous plate, and touch the
former with the knob of a Leyden phial; then
touch the cap of an electrometer with the knob of
the phial, and it will give a certain negative di-
vergence to the leaves’; raise the platc and pre-
sent the knob of the jar otq it, a spark will pass;
and, upon applying the jar a second time to the
electrometer, the lcaves will entirely collapse,
shewing the cxact aunihilation of the former
negative, by the latter positivewharge. .
hen the electrophorus is'placed upon an in=
suliting stand, its lower plate is alwgys found in
% an”opposite electrical state to the upgzr one, s0
that In'this‘respect its plates resemble he coatings
of a Leyden jar. . RE
" When an msulatéd surface is oppased to ano-
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ther which is Aot'insulated, so as to be affected by
it by induction, the electricity communicated to
the former suffers a singular increase of tension
or intensity on breaking the induction by remov-
ing the opposed uningsulated conductor; this
property is strikingly eahibied in the following
experiment:—Provide a brass plate, three or four
inghes jn diameter, and drop upon its lower sure
fxe three small spots of sealing-wax; place it
upon a%similar plate, forming the cap of the gold-
leaf electrometer, from which it will be separated
about a twentieth of an inch by the three small
insulating legs of wax. Connect the upper plate
with the ground, by touching it, and give a very
feeble clectrical charge to the electrometer, so as
scarcely perceptibly to diverge its leaves; then
suddenly remove the upper plate, by which the in-
duction will be broken, and the tension of the
electricity suddenly increased, so as to cause a
very considerable divergence of the leaves.

The plates employed jn this experiment have
been called condensers. They are sometimes
placed perpendicularly, and the uninsulated plate
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@ is supported by a wire and joiit, so asto be
brought as close as possible to the insulated plate
b, without touching ; the latter is in communica-
tion with the electrometer, and having received its
charge, the moveable uninsulated plate is drawn
back, as in ¢, and the imenaity of the electricity
displayed. 4 "

% Sometimes the condenser is directly attached to
the electrometer, as shewn in the annexed cét:
a the insulated plate; & the moveable plate in
communication with the ground,.

§ 1001 Gulganism, or Foltaic Electicity.

Weé have now acquired such préliminary infor=
mation upon‘the subject of ‘electrical excitation,
and of tﬁg’n phenomena exhibited, by electrified

“boifies in general, as may enable us to understand
some other, 1tly more, recondite and intri-
cate cases of the production of this siagular agent.
Ih the mean time, We may obseyva, that scarcely
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any change in'\thé general state of matter is unat-
tended by a disturbance of the electrical equili-
brium. Thus, the disruption of solid bodies,
changes of temperature, changes of form, are all
sources of clectricity ; preaking up a mass of
sugar, tearing asunder thg plajes of mica, cleaving
a piece ofudry wood, heating certain minerals,
evaporgting liquids, and condensing vapours, may
be cited as instances; and such of thesc as concern
the chetnist will again be noticed.

We shall now wproceed more particularly to
examine the excitation of electricity by the con-
tact of metals : this giyes rise to what has heen
termed Galvanism, or Voltaic Electricity, and is
a branch of the subject bearing most importantly
upon chemical rescarch,

In the year 1790, Galvani, of Bologna, disco-
vered that the transmission of a small quantity of
electricity through the nerves of a recently killed
animal, produccd spasmodic convulsions of .the
muscles: he also shewed, that if the sciatic nbrve
of a frog be laid bare, and touched with a picde of
zinc, whilst, at the same time, the muscle is
touched with gold, that sknilar cflects to thgse..of
electricity were produced whencvery thie gMtals.
were brought into contact, op comnecte 1
by conductors of clectricity : pifsmon-c .
were used to cohnect the metals, ;0 s . ene
sued, Cold-blooded animals Yctain®thie Kifid. of
excitability longer after death than “bthers, and
they are affected by states of, electrfeityt so feeble ¢
as nog to be indicated by the most délicale -elec~
trometers. A feeblt spark, or the most trivial
cigipge of a Leyden phial, produce analogouy
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effeccts. These facts sooun attracted considerable
attention, and were followed up with much dili-
gence and curious results.

Frogs are the most convenient and susceptible
animals for these experiments; but when they
cannot casily be optaiyfed others may be substi-
tuted®. Live flounders answer tolerably well, and

* The annexed sketch represents the legs of,the fro,
prepared for galvanic experiments: the skin is removed,
the crural nerves e« are then casily und, by gently sepa-
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they may gen’erally be procured at the fishmon-
gers. Place the flounder in a plate upon a slip of
zine, and put a shilling upon its back ; then, with
a piece of wire connected with the zinc, make
occasional contacts upon-the shilling, and at each
contact strong musculard contractions arc pro-
duced. - '

In tlese experiments, if the separate pieces of
metal be of the seme kind, no effects arc observed:
to produce them, two different metals arc requi-
site;; and those metals which arc most difficultly
acted upon by acids, opposed to those which are,
easily soluhle, form, in gencral, the most power=-
ful combination. | Thus, gold and platinum pro-
duce scarcely any effect; but gold, or platinum,
or silver, opposed to iron, tin, or zinc, are very
effectual. This part of the subject will, however,
be more explicitly inquired into afterwards.

*There are fmany other experiments and illustra-
tions relating to this subject, two or three of
which may be here noticed.

If a piece of silver be placed wpon the tongue,
and a piece of zinc under it, no eflcet is perceived
whilst the metals are kept apart; but, if their
ends be brought into contact, we immediately
perceive a saline taste, ana a peculiggsensation
resembling a glight electrical shbcky i
also, when the surface of the metals
a flash of light appears to pass hefo
This latter effect may be more certainly’.froduced
by g}‘acing one metal between the upper lip and

€«
rating the muscles : & is a gilver wire passéd under both the
nerves, for the convenience of ensuring metallic contact.
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the gums, and the other upon the tongue, and
bringing their ends together as before.

To account for these, and similar effects, Gal-
vani ‘supposed that the nerves and muscles of
animals were in opposite clectrical states, and that
the spasms were prodified in consequence of their
annihilation by the métallic conduct8r. But this
hypothesis was amply controverted, merc espe-
cially by Volta, who shewed that the gfiect de-
pended on the contact of dissimilar bodics, and
not upon a communication between different parts
of the animal. He shewed that coutractions
might be excited by the application of two dif-
ferent metals, but not by onc, only, and referred
the effect to what has been termed the electro-
motive power of the different metals.

‘When two metals are brought into contact, it
is found that, after removal, they are in opposite
electrical states. Thus, when an insulated phate
of zinc is brought into contact with onc of silvex
or copper, the formereis found, by the aid of a
delicate electrometer, to be in a posifive state,
and the latter negative: hence it would appear,
that a portion of clectficity had passe@ from the
least fo the most oxidable metal.  Of this transfer,
or disturbance,™hc "nerve agd muscle of the frog
is a very delicale indicator. . .

Place-a large plate of metal upon the cap of
the gold-leaf clectrometer, and #ift zinc filings
upon, it through a copper sieve, held by a glass
handle: theleaves will diverge with positive elec-
tricity, and the sieve will ac?m-e a. pegativk state.
Repeat the sexperiment, substituting a 2inc sieve
and copper filings for the copper sieve and zinc

P2
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filings, and the divergence of the electrometer
will be negative, the sieve being positive.

In these cases of electrical disturbance, the
chemiral properties of the metals are found to be
materially affected, as may be proved by the fol-
lowing simple instances:—¢ |,

1. Place u wire of silve: and one of zinc in a
wine-glass of dilute sulphuric acid, taking care
that they do not touch each other; the zinc only
will be acted upon by the acid, and the silvex
remains perfectly inert. Now, bring the upper
ends of the wires info contact, and the silver will
immediately.beccome active; a strcam of gas will
be seen to issuc from both of the wires.

2. Fill a wine-glass with a weak solution of
sulphate of copper (blue vitriol), and place in it a
small plate of clean iron, and one of silver: the
iron will soon acquire a cupreous coating, but
the silver remains bright until brought into con-
tact of the iron, when it also immediatcly be-
comes plated with copper,

It will be necessary afterwards to dilate dpon
this important and curious cffect of clectricity ; in
the meaw time a few analogous and familiar in-
stances may be adduced: when the copper sheath-
ing is affixed to the bottom of ships with iron
nails, their heads soon corrode and give way, but
when the nails are also of copper, n'mh de-
structive effect is observed : iron failings are apt
to be decayed and dissolved when cemented into
stone-work by lead ; the effect is chiefly observed
at the point of junétion of the two metals: an iron
pump put into a leaden cistern, or th, junction of
irgn” and leadene pipes, causes the corrosion of
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.
both the metals,' but first and cRicfly of the iron:
when copper is immersed in sea-water it is soon
corroded, and gives it a green tint; but if a piece
of #ron or zinc be in contact of the copper and
the water, no such destguction ensues, the copper
being protected by the wron.

What is commbnlybcalled ¢ a simple galvanic
circle' is formed by partially immersingfwo dif-
Jerent metals in a dilute acid, and making a com=
munication between them, either by direcf contact,
or by some perfect conductor ;eonc of the metals
should be easily, and the other difficultly, or not at

<

'A .
(S
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all acted upon by the ligaid, and the more opposite
the metals are in these respects, the more poWwer-
ful are the electri®al cffects observed. In the
above cut 7 represents a plate of zinc, and S
one of sjlver, partly immersed in’ yery dilute sul="
phuric acid, and in contact at their upper ends;
and by such arrangement a current of electricity

' appears to be put in motion, passing from the
zinc to the acid, from the acid to ghe silver, and
from the silyer again to the*?inc, a8 shewn by the
Qirection of the darts. '
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This arrangemeént may be mlvdified, by im-
mersing the plates separately inthe acid, and con-~
necting them by wires, as in % following wood-
cut: the circuit will thus be ®xtended, hit the
electrical current will be found goving in the same
direction, from the zinc tpwards the silver, and
through the wires from thd silter to the zine, in

the ‘dircction represented by the arrows. "*In thus
completing the, circuit by wires, the electric cur-
rent may conveniently be transferred through fluid
and other bodies, and the circuit may be broken
and resl.%gd at pleasure, by alternately separating
and rencWing the contact of the wires at A. It
will be observed, thdt in consequencg.of the di-
rectign of the electric current in this arrangement,
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the wire B, conntcted with the sjlvgr plate, is con-
veving electricity tq the wire C, united to the zine
plate. Hence B is considered as positive, and C
as negglive.

Having now statgd the simplest cases of elec-
trical cxcilation by the lontact of melals, we may
proceed 10 examina: thy methods of accumulating
it, and the effects which are thus prodliced.

If we mercly multiply the scrics of copper and
zinc plates, nothing more is eflected than by a
single pair, for it is evident that the negative copper
being in contact with the positive zinc throughout
the series, no accumulation can ensue.

But, if some imperfect conductor e interposed
betwecen cach pair of plates, in that case induction
is brought into action throughout the scries, and
a great incrcase of effect takes place, the phe-
nomena of which are much dependent upon the
nature of the interposed miedinm.

There are numerous electrical arrangemchts
upon this principle; the simplest of them is what is
usually termed trom its fnventor, De Luc’s electric
colwmn. It consists of a number of alternations of
two metals, with interposed paper ; for this purpose
thin paper covered with silver leaf may be used,
punched out into gircular dises of about an inch
diameter, and alternating with similar discs of
thin zine foil, so arranged that she same order of
succession—namely, zine, silver, paper, zine, sil-
ver, paper, &c., may be kept up throughout.
About five hundred such alternations will be re-
quired to produce an active column, and they are
most convenicntly placed ipea suitable glass tube,

eperfectly é®an and dry within, and surmounted
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at each end \7;1.13, a brass cap,.perforated by a
screw, by which the plates mpy be pressed toge-
ther, and which also serve as the poles of the
arrangement; the screw at oni#end being im con-
tact with the zinc plate, and that at the other with
the silvered paper. o

If we now hold this col{mn by oue of its brass
caps, and wiih the other, touch the cap of the gold
electrontteg, a divergence will be communicated
to the leaves, which will be found to be positive
from the zinc end, and negative from the silver
end of the arrangeient ; that end of the colunn,
therefore, to which the zinc surfaces incline, is
called the positive extremity, or pole, and that to
which the silver plates incline, the negative ex-
tremity.

If we place the column with each of its ex-
fremities in connection with the electrometer, as
represented in the annexed cut, one of the instru-

ments will be positin’y, and the other negatively
diverged ; and on making a direct communication
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between the twd electrometers by @ metallic wire,
the divergence cemses, But again ensucs when
such communicatigp is broken.

It #vill be found convenient in experiments with
this column, to employ jwo, each containing 500
discs ; thesc may be united end to end, 80 as to
form one continuous agrangement. I§we examine
into the statc of the elcetricity thus excited, we
shall find it precisely that of a conduftor under
induction: that is, there is a positive an® a nega-
tive pole, and a central point, which exhibits no
electricity ; wpon making a communication be-
tween cither end of the column and the ground,
the electricity of the opposite end Becomes pro-
portionally exalted. .

In the experiments we are now about to de-
scribe, it will be found convenient to employ an
elcctrometer, in which each gold leaf is separately
insulated, and so arranged as to admit of their
being brought nearer to, or carried further from
each other. Such an insgrument is here represented
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where @ is argluss cylinder nlounted upon a
brass or wooden base %; the cover ¢ is a thin
piece of dry and varnished woed, with g slit
in it, in which the glass tubet d.d slide hack-
wards and forwards, and through which, brass
wires pass, with a slip of gold leaf attached to
each of theiy, lower extremitics.”

1f we now, having duly adjusted the distance
between "the gold leaves, bring the zinc ends of
the colufins in contact with each of the wires to
which they are attached, the leaves will repel each
other ; the silver ends will produce a similar effect:
but, if one of the gold leaves be connected with the
zinc end, anll the other with the silver end of the
column, we shall: observe that they immediately
altract each other; and having thus, by contact,
annihilated their opposite electrical states, they
separate for a moment, and then again attract and
separate as before, a kind of perpetual motion
being kept up between the leaves, in consequence

“of the successive electrical charges communicated
to them by the plates of the column. :

Upon this principle a variety of amusing and
curious Instruments have been constructed, under
the name of perpetual motions: thus, a small
clapper may be kept constantly vibrating between
two bells; or a light ‘pendulum between two con-
ducting surfaces ; and these motions will continue
as long as the'column retains its electric activity,
which is often for many months.

If one end of De Lue's columrE be connected
with the interior, and the other with the exterior
of a Leyden jar, the §uy will receive a charge; its
knob will powerfully affect an electrometer; and
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on discharging i? by a wire, a sthall spark will be
observed. To obtain this ‘spark, or any luminous
appearance, withoyt the intervention of the jar,
requirés a very extensive series of the metallic
alternations. .

It will be obscrved, in regard to the curious
instrument which e ljave just beensusing, that
its electrical excitement is apparently indevendent
of all chemical action, and therefore “referable
only to the contact of the metals; if the Paper be
damp, or the zinc or silver tarnished, much of its.
activity disappears.

The original discoverer of a succesgful mode of
accumulating the - electricity generaLd by the
motive power of the mctals, wa# Vorta, and to
the instrument which he contrived for the purpose,
the tenin Poltaic Pile or apparatus, is still applied,
and the electricity which it gencrates is often
spoken of as voltaic electricity. The pile consists
of a number of plates of two different metals, alter-
nating with moistened flannel or pasteboard, and
arranged in regular order of succession. Zine
and copper are among the most powerful electro-
motors, and are the metals in general wse: zine
and silver would furnish a more active secries,”but
the use of the latter Metal, in extensive combina~
tions at least, is prohibited by its expense.

To construct the voltaic pile, thke from thirty
to fifty plates of copper, and as many of zine,
from two to four inches square, and place them

*in regular order, with an intervening piece of wet
flannel of the same size, taking care that the regular
succession of copper, zincf;tannel, copper, zine,
Jlanncl, is kept up through the serjes. Having made
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this arrangemdAt,'connect a wire l')y perfect metallic
contact with the lowest, or copper, and a similar
wire with the uppermost, or zinc plate, having
previously slipped a small piece of glass tubé*apon
the ‘wires, to serve as an insulating handle; then,
on bringing the upper wire in contact with the
electrometes, it will diverge thic leaves positively,
and the lower wire negatively, and the same
‘ieneral Phenomena will be observed as in De
uc’s column, the imperfect conductor being, in
the present instanee, waler instcad of paper. If
the fingers be thoroughly moistened, by rubbing
them with galt and water, so as in some measure
to overcome the non-conducting power of the
cuticle, a slight' shock will be perceived on
touching the extremec wires with cach hand: a
spark is very rarely observed, even in a very dark
room, and no decomposition of water is cffected
‘I;y. dimmersing the poles near each other in that
uid.

If we now substitutc a. strong solution of salt
in water slightly soured by muriatic acid, instead
of pure water, for moistcning the intermediate
flannel, we shall not obstrve any change in the
meré electrical power of the pile as indicated by
the affections of the electrométgr: the shock will
be little more powerful; but @ spark will be per-
ceived, on bringing the poles together, more cspe-
cially brilliant when taken between two points of
well-burned charcoal attached to the wires from
the top and bottom of the pile. Also, if we now '
bring the poles (which for this purpose should be
of platinum wire) nédi each otler, in a glass of
water, gas will be abundantly extricated by each
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wire. Ilere, thi¢h, we observe, thag the power of
attraction and repulsion *communicable by the
pile, or, in other words, its ¢nlensity, is not in-
creased by the chemical action going on between
the acid liquid and the .plates ; but, on the other
hand, the quantity of clectricity, as manifested by
the gencration of k'ghh and heat, is greater than
before. This effect will presently be more parti-
cularly adverted to. rd

In the construction of the voltaic pie as just
described, much inconveniencg results from the
method of arrangement, when the plates are very
aumerous ; and the weight of the upper part of the
pile presses the moisturc out of the®lower part,
and renders it comparatively nactive. To ob-
viate this, each pair of plates 1s sometimes soldered
together, and cemented in regular order, into a
well-scasoned mahogany trough, and the inter-
vening cells, which are about a fourth of an inch
wide, arc filled with water or other proper liqud,
by which the arrangement is rendered active.

T
W
!’!q.'
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The apparatus thus constructed is easily filled and
emptied, and may be k(;{tck?m by rinsing it out
with water, after use. wire, ip contact with the
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last zinc plateieaTords a positive pole; and, with
the last copper plate, a‘negative pole.

Another form of this apparatus, also contrived by
Volta, and called by him the ¢ Gouronne destasses,’
consists in arranging a row of small glasses, con-
taining a very dilute sulphuric acid (or other proper
liquid), in gach of which {s pluced a platc or wire
of silver or copper, and one of zinc, not touching
each otfer, but so connected, that the zine of the
first gldss may be in mctallic contact with the
copper of the secqnd, and the zinc of the second
glass with the copper of the third, and so on
throughout the serics, as shewn in the annexed
cuts.
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By arrangeménts of this kind, M can see what
happens in each cell of tlie apparatus; and it will
be observed, that when the extreme wires or poles
are in contuct, amld a current of electricity there-
fore passing through the arrangement in the di-
rection of the arrows, that each wire or metallic
surface immersedin the liquid is actavely decom-
posing water; whereas, when the connexion be-
tween the poles is broken, the copp# and the
silver ceasc to evolve gas, and it is much more
sparingly elicited by the zinc. « In other respects,
the gencral propertics of the apparatus thus
arranged, resemble those of the otherforms above
described.

The voltaic apparatus now *in most common
use in the laboratory, is constructed upon similar
principles : it consists of a trough of earthenware,
with partitions of the same material. The plates,
of copper and zinc, are soldered together at ane
point only, and cach united pair of plates is so
arranged as to inclosc g partition between them;
consequently, there is in each cell, a copper plate
connected with the zine of-an adjoining cell, and
80 on, in regular succession. Eache of these
troughs usually contain ten pairs of foursinch
plates, and the conrfecting piece of the last copper
plate is elongated, so as to enable it to dip into
the first cell of the next trougH, when they are
placed in rows endways to cach other; it is there
opposed to the ensuing zinc plate of another set.

" The plates are attached to a slip of baked wood,
so that the whole ten may at once be lifted into
or out of the cells. Thisednstruction has many
‘advantages over the trough akove described: it
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admits the fluid t6 remain in the trough, while the
-action of the plates may be suspended at pleasure,
by lifting them from the cells ; when the plates are
corroded or injured, they are also casily replaced.

—— -
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In consequence of both of:their surfaces being ex-
posed to the acid, they wear faster than the
soldered plates ; but then they yield a more power-
fully electric arrangement. Where mwgmf these
troughs are employed, so as to constitutea battery
of large dimensions,, it is necessar she ex-
tremely attentive to the regular order ccession
throughout th~ series: if any single trough be
reversed, a great diminution of effect is the conse=
quence. Much care must also be taken respect-
ing the ‘communications between the troughs, to
preveng the accidentgl displacement of any of the
junqt“h& ates. It 15 'well to be provided with a
few sﬁd) pairs of-plates attached to each other by
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3
a sufficiently long copper. strap., for the purpose
of uniting the troughs, where their arrangement
requires th% they should be placed at angles to
eachi other.”

A considerable improvement in the construction
of this apparatus was suggested in the year 1815
by Dr. Wollaston, an# is now very commonly
adopted ; at least where no very extengeve series
is required, and where it is an objecteto uiite
quantity with intensity. It consists in cxtending
the copper plate, so as to oppdse it to both syr-
faces of the zine, as shewn in the annex®d sketch,

where A represents the bar of wood to which
the plates are screwed; R the zinc plates
connected as usual with the copper plates CC,
which are doubled over the zinc plates, and op-
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posed to them tpdn all sides, contact of the sur-
faces being prevented by pieces of weod or cork
placed between them, which keep the plates about
one-fourth of an inch asunder. Twelve troughs
upon this construction will be found suffidéent for
all the ordinary experiments and illustrations in
which the voltaic apparatusa is used, and the plan
superscdc;f, the nccessity of being provided with
batterics of large plates.

It has alrcady been remarked, that what may
be called the common electrical cffects of the
voltaic apparatus, that is, its power of diverging
the electromgter, and charging a Leyden jar, are
most prominent when the troughs are well insu-
lated, the plates 8lcan, and the cells filled with
common river water. 'Two thousand four-inch
plates thus charged and insulated, gave sparks
and shocks, and charged Leyden jars, and of
coarse acted with corresponding energy upon
clectrometers: it was also curious to remark, that
some time was required, after the electricities had
been annihilated by the junction of the poles, for
its restoration or reproduction ; the sparks which
it afforded were likc thuse of a weak -electric
machine ; the power of ignition upon charcoal
points was feeble; and scarcely any effects were
observed on immersing the poles in water ; nor was
the clectricity capable of igniting wire.

When this magnificent apparatus was charged
with a mixture of ninety parts of water, and
ien of a mixture of muriatic and sulphurie acids,,
it exhibited very diflerent and cxtremcly splen~

idpcflects.  The shock was more permanent

@ Intense to the feelings, but the power of
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giving divergeﬁ:ce to the elécitomeier, and of
charging jars, was not increased. Wircs of
amctal were intensely heated, and if thin enough,
and in #hort lengthsy burned and fused. A
picce “8f well-burned charcoal, cut to a point,
was attached to cach pole, and, on bringing these
into contact, a mdst wvid light ands intense heat
were produced ; and, on slowly witl;;l}awing the
points from each other, a constant cu ent ofielec-
tricity passed between them, through mure” than
an inch of heated air, producing an arc of light of
such intensity as scarcely to be borne by theiun-
protected eye, and of the form herg represcnted.

> o

5
When the charcoal peints were gradually with-
drawn from cach otfer, in a vessel exhausted of
the greater portion of its* air, the effect was yet
more Drilliant; the Ifght acquired & beaptiful
purple colour, and the distance through which it
paszed was much extended, ag shewn in the woodcut
overleaf. .

The extreme intensity of the heat, in this arc
of flame, was rendered cvident by exposing in
it very difficultly fusible substances, which readily
melted : even substances infusible by all ordinary
methods were thus liquefied,

What may be termed” the chemioal energies
°of this apparatus were equally remarkable : when
. Q2
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. g
the poles were brought near cach other in a vessel
of water, that fluid was cnergetically decomposed,
and®other effects produced which we shall pre-
- sently notice more in detail.

It is evident from the *statement just made,
that a most important influence is exerted over
the energies of the voltdic pile, by the liquid be-
tween the ‘plates. Pure water produces a certain
scries of clectrical effects ; thege are considerably
modified by dissolving common salt in it, or em-
ploying other saline liquids; but the dilute acids
appear the best ealculated to increase the quantity
of electricity, by acting chemically upon one of
the plates. If, for instance, we charge three
single troughs, each of ten pairs of plates, with
water, brine, and vegy dilute muriatic acid, the
firstewill shew scarcely any signs of electricity;

tife second will give a feeble spark and shock ; the
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third will ignste the charcodl boints, producing
a contjnuous star of brilliant light, and give a
more powerful shock. The first will not decom-
pose wafer; the second does it feebly; the third
rapidly. It is obvious, therefore, that with a
small number of plates highly charged (that is,
with dilute acid), we may obtaiir®effects equiva-
lent to those of a larger series fecyy charged ;
the experimentalist, therefore, must regulate the
strength of the charge according to the number
of plates, and the effects which arc required.

All the effects of electrical intensity, suéh as
affecting electrometers, giving shacks, charging
jars, decomposing water and saline solutions, and
so forth, are; very manifestly increased by in-
creasing the Rumber of the plates, but (the charge
being in both cases the same) the production of
quantity of electricity appears to be dependent
upon the size of the plates. Thus, if a battery
composed of thirty pairs of plates two inches
square be compared with another battery of thirty
pairs of twelve inches square, scarcely any differ-
ence will be perceived In their effects upon bad
and imperfect conductors; their powers pf de-
composing water, and of giving shocks, will be
nearly similar; But upow good conductors, the
effects of the large plates will be very distinct
from those of the small ones: the spark, and arc
of light between charcoal points, will be much
more intense and extensive ; and when the charge
is transmitted through a fine platinum wire, much
of it will be heated re(}’bpt, an cffect which the
small plates are quite inadequate to produce.

The following experiments® are adduced by Sir
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H. Davy, as well iflustrating these: relative cffects
of quantity and infensity in the voltaichpparatus :
¢ Immerse the platinum wires Sonneéted with
the extremities of a charged battery cdmposed of
twelve inch plates into water, and it will be found
that the evolution of gas is nearly the same as
that occasintd by a similan number of two-inch
plates. Agpply the moistened fingers to the wires,
andsthe shnck will be the same as if there were
no connexion by the water. While the circuit
exists through the ‘human body and through the
watey; let a wire, attached to a thin slip of char-
coal, be made to connect the poles of the battery,
and the charcoal will become vividly ignited. The
water and the animal substance discharge the
electricity of a surface probably A6t superior to
their own surface of contact with the metals; the
wires and charcoal discharge all the resldugry
cleciricity of the plates; and if a similar experi-
«ment be made upon plates of an inch square,
there will scarcely be any sensation when the
hands are made to connect tha ends of the battery,
a circuit being previoutly made through water;
and Ro spark when charcdal is made the medlum
of connection, 1mpcrfect condpctors havmg heen
previously applied.” ¢
For all commop purposes of research and ex-
periment, voltaicr arrangements are usually most
convenicnt, in which intensity is obtaincd, toge-
ther with a due quantity of electricity ; and upon
this principle Dr. Wollaston’s arrangement of
the plates has been wgommended as most eco-
noinical and effective.
The most formifiable battery of large plates
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that has hithefto been constructed, is that de-
scribed by Mr. J. G. Children, in the ¢ Philoso-
phical Transadtions’ for the year 1815. The
plates wefe two feet eight inches wide, and six
feet high, the copper being opposed to both sur-
faces of the zinc. These enonnous plates were
properly fastened“to 2 beam of woady suspended
by counterpoises from the ceiling of the labora-
tory, so ag to be readily and safely imiersed into,
or recmoved from the cells of acid, wilich were
twenty-one in nunber, and their united capacities
amounted to 945 gallons. A leaden pipe, three-
fourths of an inch diawmeter, was attpched to the
extreme plate at cither end, and immersed into
scparate basins of mercury, by means of which
perfect metallisicontact was ensured. The charge
consisted of a mixture of nitric and sulphuric
acids, with thirty, or occasionally only twenty,
parts of water. .
When the poles of this arrangement were
united, as shewn in the next page, by a platinum
wire ele\'cn-hundrcdtl‘ns of an inch diameter, it be-
came red-hot for a lengtlvof five feet six inches.
In the same way, it ignded cight feet siz inches of
the same wire of forty-four hundredths of an ihch;
and a bar of platinuln, one-gjxth of an inch square,
and two and a quarter long, was not only heated
to bright redness, but fused at the.end.
A number of intractable and very difficultly
fusible substances, subniitted to the high tempera-
ture occasioned by the discharge of this battery
through charcoal points, cxljibited indications of
the most intense heat; bu®'perhaps the most inte-
“resting results weré obtained by transmitting the
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elettricity- through different metallic wires. For
this purpose either, single wircs, or two wires of
disgmilar metals were used, of cqual diameter and
lcngl}‘:: one end of each was in contact with one
of the basin} of mercury communicating with the
poles of the battewy, and the othey end hent to an
angle, and the wires connected gontinuously by
hooking them together. The length of each wire
was cight inches, and the diameter one-thirticth of
an inch.

Platinum and gold being thus connected, and
“ introduced into the electrical circuit, the platinum
was instantly made red-hot, whilst the gold re-
mained unaffected. | '

With a,similar arrangement of gold and silver
wircs, the gold was ignited ; the silver not. .

With gold and copper, bot s were equally
heated to redness. ¢ NG

With gold andr iron the iron,'was ignited; the
gold not affecte. *

Alternations of platinum and silver three times
repeated, all the platinum wires were ignited, but
none of the silver.

These experiments*mgv casily be repeated with
the smaller battery, the dimensions of which we*
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have described #bove, and are ext.iemely beautiful
and instfuctive, especially the last: for this purpose
select some fine‘silver and platinum wire, and cut it
into lengths of about two inches; thengform a con-
tinuous wire by soldering these lengths endways,
in alternate order, and suspend it in a festoon,
between two thick copper wires, forming the poles
of the battery, having previously tcmporgrily united
-

thesc poles by a thick copper wire, as is shewn
at ¢ in the preceding figure : on removing the
latter, the electricity traverses the compound wire,
and occasions the ignition of the platinum por-
tions of it only, the silver being unaffected. The
object of uniting the poles by a thick copper wire,
whilst the compuum‘r wirc is being attached, is
to prevent the sudden fusion of the lader at the
point of contact, which oficn happens when' this
precaution is not taiten.

What, it may now be asked, is the cause of
this cxtraordinary appearance ?"why is on» wire
more intensely heated than the other, wlen they
are both of the same diamcter, and apparently
transmitting the same quantity of electricity ? [t
has been plausibly suggested by Mr. Children, that
the eflect is the result of ¢he different conducting

"powers of the metals; that platinum conducts
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electricity less peffectly than silver, and that, con~
sequently, the electric fluid, mecting with-greater
resistance in its passage through that metal,
elicits light#and heat; while, on the other hand,
passing with comparative facility through the
silver, no such effect is there observed. It is
obvious that this explanation . rests upon the
suppositiop, that resistance to the passage of clec-
trieity-ocgasions the development of heat; and as
this must be inversely as the conducting power,
when any two of thé wires, connected continuously,
are placed in the circuit, that which is the worst con-
ductor must be most heated ; and silver, therefore,
which is the best cgnductor, is not heated red when
connected with any other metal. &

In proof that resistance causc evolution of
heat, the chemist we have just quoted observes, that
whenever a perfect communication is established
between the poles of the battery, the electricity cir-
culates without producing any visible effect ; but if it
meet with resistance in its passage, it manifests it-
self by chemical action, or by, the evolution of heat,
or both. Thus, if a barof metal be connected with
one pole &f the battery, aifd its extremity immersed
in a basin of mercury connected with the other pole,
at the instant the syrfaces come in contact, heat
and light are evglved, which cease as soon as the
bar, if it be ofssufficient size, is plunged bencath
the surface of the quicksilver. If the circuit be
completed by two picces of charcoal, the evolution
of heat and light is permaucnt as long as their
surfaces remain in cpntact, becausce that contact
can ngyeér be so perfect®as to oppose no resistance
to the #lectricity : ‘whereas, in the case of the bar
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of metal and the¢ mercury, it soen becomes com=
plete, and.the current is thén uninterrupted.

We have ‘now, then, enumerated some of the
leading phenomena presented by the wpltaic pile,
or battery, limiting ourselves chicfly to the con-
sideration of its electrical energies; and it is
obvious that, in it$ form or ronstrucsion, it must
vary according to the particular purposes to which
it is to be applicd. There are numeroud casgs in
which quantity of clectricity is the printipal re-
quisite with the experimentalist, and in such, large
plates and few in number will be employell’e a
single pair, or two pairs, are often spificientf6r
various rescarches of this kind, espccially when
constructed upog Dr. Wollasto’s plan.  On the
other hand, whwle intensity is required, we are
obliged to resoft to numerous alternations of
plates comparatively small, and these arrange-
ments are principally employed where our objegt
is to act upon bad conductors, and especially to
avail ourselves of the chemical powers of elec-
tricity ; to this subject we may now more par-
ticularly turn our attenlion.

1) [

§ 11.—Of the Chemical Effects of Eledricity.
$

The influence of electricity as a decomposing
agent was noticed in some of the xarliest experi-
ments that were instituted with the voltaic pile;
among them, its action upon water excited par-
*%ticularrattention. If two wires of platinum*, con-
nected with the poles of the battery, be brought near

»
# This metal is selected in pPeferénce to others, as not
Veing acted upon by the elements evolygd from water.
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each other in.a glass of water,’ a regular stream
of gas will issue from each of them, which in
an apparatus similar to the following;miay be col-

nea

lected, and submitied to examination. « is a
glass globe with three apertures; two of these
(on the sides) are fitted with corks perforated by
glass tubes of such length as to .L)proach the
centre of the globe, and traversed by platinum
wires, which are flastened out at the ends, and
turned dpwards, within ‘a tenth of an inch of each
other. The tube b is inverted into the neck of
the globe, which if fits lodsely, so as to adgnit of
the oozing of a portion of water. This apparatus
is then filled with water, and the protruding ends
of the platinum wires made to communifjate with
the negative and positive poles of the voltaic ap+
paratus; gas immediately issues from the metallic
surfaces in contact with the water, and bubbles up
into the tube; the diplaced water trickles out at
the neck of tha globe. It will be observed, that
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twice the quantity ‘of gas escapestfrem the nega-
tive, as corpgred with that from the positive pole ;
and the tubé will be found to contain a mixture of
hydrogen and oxygen gases, in the proportion of
two volumes of the former generated at the nega-
tive pole, and one of the latter at the positive
pole. If a lighted -capdle be brought to the
mouth of the tube, the mixed gases exPlode and
disappear, reproducing watar, as we sifall more
fully shew in the sequel.

*{ By a simple modification of $his arrangement,
the evolved gases may be collected in sepayate
tubes ; as, for instance, if we employ agglobe with
two orifices, each having a tube so adapted to it

as separately to reccive the gas from each wire.
1t will then be found that {wo volumes of hydro-
gen gas, and one volume of orygen gas, are
respectively collected in the tubes inverted over
the negative and the positive, wires.. Upon the
approach of a taper, the hyfrogen gas will burn
quietly with a blue lambent flame » and the oxygen
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may be recagnised by immefsing into it the
glowing wick of a small picce of green taper,
which will instantly kindle into flame.-

These experiments are here merely adduced in
illustration of the chemical or decomposing
powers of electricity ; and they shew us, that
under whagsver circumstancel water is decom-

osed, the hydrogen is cvolved at, or attracted

¥, the ri.gative, and the oxygen by the positive
pote. They are, however, further important, as
establishing the composition of water; a liquid
%o @niversal in its agencies, and so important in
its eflects, ,that the chemical student cannot too
soon become well acquainted with its nature. If
we reduce the ‘volumes of the gases to their
respective weights, we shall figd- that, if we call
the volume of hydrogen = 1, the half volume
of oxygen will be = 8, and, consequently, nine
parts of water will consist of one part by weight
of hydrogen, and eight parts by weight of oxygen,
for the specific gravity of oxygen to hydrogen is
as 16 to 1.

There is another cenclusion to be drawn from
this clectro-chemical <decomposition of water,
which it may be right here 1o bear in mind, but
which must be more amply ‘leveloped afterwards.
It has been above demonstrated, that bodies mu-
tually attractivd are oppositely electrical, and that
when mutually repulsive they are similarly clec-
trical : n?y, as the hydrogen is here attracted by
the negative pole, we infer that its own inherent
electrical state mus} be positive; and, onthe other
hand, the oxygen being attracted by the positive
poles_ it is assumed to possess the opposite of
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negative state. + Hydrogen, therefore, and all
substances which, like it, dre repelléd by positive,
and atiracted by negative surfaces, are classed
together under the term eleciropositive bodies ;
and oxygen and other substances which are rc-
pelled by negative, and attracted by positive sur~
faces, are called electronegative bodiep.

If, instead of using plre distilled water in the ex-
periments just described, wegmnploy /4ar £ or pump-
water, we shall find, that the saline ingredients,
always present in such water, are also decom-
posed, and that their elements are separated do»
cording to certain laws. "

This fact may be more strikingly Mustrated by
dissolving some salt, of knowh composition, in
water, and eleci#ising the solution, as in the fol-
lowing experimient. Provide a picce of glass
tube, bent at an angle, and placed in a wine-

glass, to serve for its foet Or support. Fill this
syphon with the bluc infusion gbtained by mace-
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rating the leavas of the red cabbage in boiling
water, and put into it a lew crystals of sulphate of
soda ; then place a long narrow strip of platinum
foil in each leg of the syphon, taking care that
they do not come into contact at the elbow of the
tube, and connect one of these with the negative,
and the otheg with the positivespole of the pile:
in a few minutes the blue cblour will be changed
to green in. the negative side, and to red in the
positive side of the tube, indicating the decompo-
sition of the salt, the alkali or soda of which is
collected in the negative, and the sulphuric acid
on the positive side. Reverse the poles, and the
colours will also gradually be reversed. 1n this
and analogous esperiments, it is found that,
whenever a neutral salt is decomposed by clectri-
city, the oxide or base is attracted by the negative
pole, and the acid by the positive pole. The
bages, therefore, in their clectrical relations, rank
with hydrogen, and the acids with oxygen: the
former are clectropositivg, the latter clectrone-
gative. '

The most insoluble and difficultly decomposable
salts inay«c made to render up their elements in
the same way. Let us, for instance, substitute
for the sulphate of soda in tlte preceding experi-
ment, a little finely-pdwdered sulphate of baryta,
which is quite iffsoluble in water: this, when in
contact with the platinum, will be decomposed ;
baryta will be evolved at the negative pole, and
there render the liquor green ; and sulphuric acid
at the positive pole, rendering it red. + .

The two last expefiments may be insfructively
varied as follows ;—fill two wine-glagges, con- *
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nected together by a syphon o' l.~ge bore, with
the blue infusion, containing a little sulphate of
soda dissolved in it, and invert in each glass a

tube of the same solution, into the upper ends of
which platinum wires are inserted, as shewn in
the above cut : conncet these wires with the nega-
tive and positive polesy and it will presently be
rewarked that, notwithstanding they are in sepa-
rate vessels, the blue liquo® in them will, as be-
fore, be rendered green and red; and if the,cx-
periment be continued for a suflicient length of
time, the wlhole of the alkali of the salt will have
passcd from the side Pto N, and the acid from N
to P. The acid and alkali must, in <this case, obvi-
ously traverse the connecting syphon in opposite
, directions, without uniting; so that, under the
influence of electrical altraction, the usual che-
mical gffinities are suspendec.
The decomposition cven of the sulphate of ba-
fyta may be effected in the saue way: for this
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purpose, proide® two, insulated discs, or very
shallow cups of platinum, one of which is to be
put into communication with the negative, and
the other with the positive end of the pile; place

..‘\ﬁ‘ —— T —‘?_-/

noep o e
upon each of these a few grains of finely-powdered
(artificial or precipitated) sulphate of baryta,
moistened by a drop or two of water, and connect
the dises (which should be within half an inch of
cdch other) by a few filaments of wet cotton a. In
a few minutes baryta will be apparent to test-
papers at the negative disc, and sulphuric acid at
the positive: they will mutually traverse the
bridge of wet cottofl, and if the decomposing
ageucy be long enoughcontinued, the wholc of
the baryta will be found on gne side, and the acid
on the other. .

This experiment led Sir II. Davy to ascertain
how far one dubstance might thus be electrically
attracted through another, possessing a strong che-
mical attraction for it: the following is onc of
the means by which he effected this :—three small
platinum trays, abaut an inch square, were placed
side Dy side, and comnected with each otEer by
shred® of well-goaked cotton; care was taken to
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keep them upoh a level THe §kterior vessels
were then filled with sehution of sulphate of
soda, and rendered negative and positive ; and
the central one with solution of ammonia, a
highly alkaline liquid, having a strong attraction
for sulphuric acid. It was found, after some
hours’ clectrisation, that a large p8rtion of the
sulphuric acid of the salt had passed from the
negative to the positive veael ; that it"jad, there-
fore, traversed th¢ ammoniacal solution, but had
not there stopped in combinafion, as would have
been the case had the substances not been under
the electrical influence. .

In some of his experiments pn these electrical
transferences, Sir H. Davy employed vessels con=
sisting of the substance to be decomposed ;
the mineral called gypsum, for instance, or ala-
bastcr, is composed of sulphuric acid and lime:
chemically speaking, it is a swiphate of litme.
Two small cups of alabaster were filled with water,
and united by moist cotton; they were rendered
negative and positive by placing one pole of the
pile in each cup; the negative cup soon was found
to contain a solution of lime, and the pbsitivg cup
frec sulphuric acid.

In some experifients thys conducted, where
distilled water was employed and vesscls of glass,
a considerable quantity of acid and alkalinc matter
was elicited ; this was afterwards traced to the
decomposition of the glass, which: contains alkali,
aund is not free from foreign salts: to avoid this
source of error, therefore, je electrised distilled
water in two vessels of g8ld, properly connected,

“thus employing a material which could not furnish
. R 2
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impurities to tht water ;_still, however, alkali and
acid made théir appearance. This evolution of
foreign matters by thie electrisation of apparently
pure water, had been observed by others ; and their
appearance was, by some, referred to a power sup-
poscd to be possessed by electricity, of generating
the matters e.olved ; it was even imagined that wa-
ter might possibly be a.simple or elementary body,
capable of Jorming apacid in union with positive
electricity, and an alkali with negative electricity.
In reviewing these and other opinions, it occurred to
Davy, that the water, although carefully distilled,
and apparently pure when examined by common
tests, might possibly contain minute portions of
forcign matter, rendered evident by the superior
searching and decomposing power of electricity.
He accordingly carefully redistilled the water at
a low temperature in silver vessels, and on em-
pleying it in the above experiments, thus re-
distilled, it was found to afiord much less indi-
.cation of impurity; but aven after all these pre-
cautions, acid and alkali were sparingly evolved
from it. Of this impurity, part was traced to the
accidentai contact of the Lands, with the apparatus
used, the perspirable matter leaving traces of
common salt; and now, aware of this source of
contamination, and carefully avoiding it, there
were scarcely any traces of acid or alkali to be
observed. These extraneous elements, however,
notwithstanding all the precautions above alluded
to, were still perceptible after the process of elec-
trical decompositiory had been carried on for a
length of time, and twe only probable source
whence they could be derived was the atmosphere,



ELECTRO-CHEMICAL I‘ECOMPOSITION. 245

the elements of Which, by unitieg élemically with
those of water, might giVe rise t& the formation
of nitric acid and ammonia. < This chemical action
or combination, Davy thought, might possibly be
brought about by electric agency : accordingly, in
addition to all the previous precautions, he now
conducted the experiments in the gxhausted re-
ceiver of a good air-putnp, and had the satisfaction
to find that, under such ‘ecircumstamces of the
careful exclusion of all foréign agents,"the water
was resolved into its own clements, oxygen and
hydrogen, only; and, conscquently, that there were
no grounds for supposing that any pew forms of
matter were producible by the union of clectricity
with other bodies. *

Another important inference was deduced from
the above, and many similar experiments ; it was
obvious that electricity had the power of searching
out and separating the minutest portions of foreign
matter, and of overcoming the most powerful
chemical attractions: gnight it not, therefore,
when properly applied to different bodies, indi~ -
cate the existence &f substances hitherto unsus-
pected, and even lead us to the knowledge of new
clementary substances? Proceeding upon ®such
grounds, Sir H. Davy submitted the fixed alkalies,
which were considered at that time as simple or
elementary bodies, to the decomflpsing agency of
the pile, and was fortunate cnough in ihis, his
first trial, to obtain from them new elements: at
the positive pole oxygen was evolved from them,
but brilliant metallic globules appeared at the
negative pole, extremelyginflammable, and which

“were shewn to be the bases of those bodies. The
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names potassigm and sodium were given to these
new and sin;}ﬂar metals; and by analogically
applying the phenothéna of their decomposition
to that of the earths, also then, on the list of
elements, they also afforded dvidence of de-
composition, and like the alkalies, were shewn to
be combinatjons of peculiar metals with oxygen.
Many other discoveries have heen the result of
this new made of resgarch; but these, as well as
the abovt, will be more fully dwelt upon after-
wards. -

It has been shewn, that when compound bo-
dies are subjected to electrical decomposition,
their clements arc attracted with uniform phe-
nomena by the respective poles ; that certain sub-
stances are repelled by the negative, and attracted
by the positive pole, and vice versé; and upon
this principle it was suggested as probable, that
thg Inherent clectrical states of the bodies were
dissimilar to those of the pole by which they were
attracted. Fence the elementary bodies may be
arranged under two comprehensive classes—elec-
ironegative elements, and eluclropositive elements.
In electrical decompositions the former will of
coutse be attracted by the positive, and the latter
by the negative pole. .

In the present stale of our chemical knowledge,
the elementary, or simple bodics may be regarded
as about fifty-two in number: of these, five are
usually termed supporters of combustion, seven
are non-metallic combustibles, and the rcmain-
ing forty are melals, or substances of which we
hitherto know too 'litl.liz to enable us to separate
them from that class.
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The five formar bodies only, age f&ctronegativc H
that is, when their compounds anp® subjecicd to
electric decomposition, theyiake their appearance
at the positive pole: the next seven are attracted
by the negative pole, and are, therefore, presumed
to be electropositive ; the metals are in the same
predicament.  The undecomposed  substances,
therefore, arranged inoreference to this view, will
stand as follows : :

i,
Electronegative badies nttracted Electropositive bodies attracted
by positn e surfuces, O,y negative surtuces,
Oxygen. Hydrogen.
A Nitroggn.
Chlorine. Sulphur,

. Phosphorus,
Todine. Selenium.
Bromine. Carbon.

. Boron.
Fluorine, The metals,

In relation to each other, however, the above
substances may indicgte opposite -electricities,
which will influence their appearance at the vol--
taic poles. We have seen,that when oxygen and
hydrogen are combined, as in waler,ethe com-
pound is uniformly so decomposed, that the whole
of the oxygen is ewlved at the positive pole, and
the whole of the hydpegen & the megative ; so in
the decomposition of a compouﬂfe of iodine and
hydrogen, the iodine appears at the positive pole.
But, when a compound of oxygen and iodine is
electrically decomposed, the iodine:collects at the
negative wire, and hence, considered abstractedly
in relation to oxygen, w d be called an electro-

*positive element.  So, also, yhen a compound



248  EXPERIMENTAL ILLUSTRATIONS OF

of hydrogen ind, sulphur is elestrically decom=
posed, the suﬁmr appears at the positive pole ;
and hence, in vespe¢t to hydrogen, sulphur is an
electronegative element.

The decomposition of water shéws the transit
of oxygen to the positive pole (see p. 237) ; that
of the other electronegatives may be exhibited as
follows ; and for these, and many other of the
experiments of decomposition, the annexed form
of appara.us will be found,useful. Tt is a cell of

plate-glass, made by cementing four pieces to-
gether, with transparent varnish, and supporting
them upon a wooden foot, into which they are
fastened with putty. The cell is about five or six
inches long, and about an.inch broad, and may be
divided into two parts, by the insertion of the tem-
porary diaphragm @, which <s a small frame of
cane with muslin strétched over it. When this is
in its place, a separate pole of the battery may be
introduced on each side of it : the poles may most
conveniently consist of two pieces of thin platinum,
about four inches long and half an inch broad.
To shew the evolution of chlorine at the posi-
tive pole, fill the glasg cell with weak salt and
water, acidulated by muriatic acid, and coloured
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blue by the addision of a few d;o[iof a sulphurie
solution of indigo; then®introdude the poles of
the pile, and in a few minutes the-positive division
will begin to lose colour, and at length become
colourless, in”céonsequence of the evolution of
chlorine derived from the acid and salt: here, the
presence of chlorine is rendered eyident by its
bleaching power, which destroys the blue of the

indigo. - .

The presence of .uncombined fodfhe is an-
nounced by its property of siriking a deep blue
colour with a solution of starch. To demonstrate
its electro-polarity, therefore, fill the cell with a very
weak solution of starch, to which a little common
salt and iodide of potassium *have been added ;
then clectrise as before, and the iodine will shew
itself on the positive side by a beautiful blue
colour. ’

The presence of bromine is announced in the
same way by its yellow colour ; and of fuorine by =
its action on glass. ,

The electropositive bodies, on the other hand,
are evolved from thefr combinations with the elec-
tronegatives, at the negutive pole, as is seen in the
case of the decomposition of water, &e. There
are many striking ®xperiments shewing the at-
traction of the metals by®negatively clectrified
surfaces ; and, indeced, whenever‘golutions of me-
tallic salts are elecirically decomposed, their pre-
cipitation at the negative pole is more or less per-
fectly observed, according to their facilities of
reduction, or deoxidizement. A plate of silver, for
instance, when immerse(%:info a dilute solution of

' blue vitriol (sulphate of copper), occasions no



250 IKPERIHENTA‘L ILLUSTRATIONS OF

change; but {f the silver be xendered electro-
negative by cotimunjeation with the negative pole
of the battery, a préeipitation of metallic copper
immediately ensues. In the same way solutions
of lead, tin, &c. may be decomtposed by the
attractive energy of electronegative surfaces, and
by metals which, under commen circumstances,
do not effect their decomposition.

‘When, as in the preceding case, the metals are
rendered électronegative in the voltaic current,
they arc at the same time rendered attractive of
each other, and of the electropositive bodies in
general : thqs, under such circumstances, the
earths and oxides, and the inflammables generally,
will be attracted By, or precipitated upon them;
but the same cause which renders them attractive
of these bodies, renders them repulsive of the
elcctroncgative class, among which are the bodies
chiefly characterized by their corrosive and solvent
action ®pon them. A piece of iron, for instance,
rendered eleclroncgative, will remajg. bright and
clean in water, which, under ordinary circum-
stances of immersion, would‘ rust and corrode it ;
but if the iron be rendered. electropositive, it then
corrotles much more rapidly than in plain water;
that is, it is then rendered afractive of oxygen,
acids, and the other solvent agents, of which,
when electronegptive, it is repulsive,

Thege facts led Sir I, Davy to infer, that cer-
tain llic substances which, under ordinary
circumstances, are not acted upon by water and
acids, might be rendered active by communicating

to | the positively, electrical state; and, on
5 bontrary, that such metals as are easily acted
e ¥

o
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upon by the abpve-mentloned agints, might be
rendered inert in regard to.them, f%y giving them
the negatively clectrical sige. This, indced, is
merely another illustration of the fact, that bodies
dissimilarly eleetrified atfract, and similarly elec-
trificd repel each other. The following are illus-
trative expenments -

Silver is a metal which is not acted upon by
pure water, nor by salt and water, ngr by dilute
muriatic acid. But, jet the poles of #he battery
consist of two strips of silver, and immersc these
in water; it will then be found that the negalive
pole remains bright and clean, and is not in the
least acted upon: but with the posi®ive pole the
casc is very different; it becomes discoloured, and
a white cloud collects about it in the water, wlnch
is oxide of silver; here, the silver is rendered
attractive of the oxygen of the water, and enters
into combination with it.

If, for purc water, we substitute a very wdak __
solution of common salf, or a very dilute muriatic —
acid, the negative silver will still remain brighte=
but the poezlwc beawomes encrusted with a white
or grey powder, and iy so0n evidently,corroded ;
this arises from its being rendered attractive of
the chlorine contaimed in the salt and in the acid,
and the new substance fortned is a chloride of
silver.

If we substitule for silver any more oxidizable
metal, that is, any metal more readily acted upon
by air, water, and acids, the effects ave still more
striking, and we then have a better opportumty of
observing the utter noyacfion of the negative
surfacc, as opposed to the increased activity of
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the positive. 'fF‘ot instance: fors the silver poles
of the precedmg expefiment, substitute two po-
lished plates of iron; and immerse them, when
connected with the pile, into a weak sulphuric or
muriatic acid, or into a solution of salt—liquids
which, under ordinary circumstances, act upon
and corrode.iron; the ncgative plate will now
remain bright, but the positive will be very ener-
getically acted on, and rapidly oxidized and dis-
solved. *

This experiment. may be varied and rendered
more striking, as follows :—Fill the glass cell de-
scribed at p. 248, with a weak solution of common
salt in distilled water, to which a few drops of
ferrocyanate of potassa* have been added, and
immerse one of the iron plates in each partition;
the negative side will remain unchanged, but the
production of a deep blue colour on the positive
side, will presently announce to the eye the rapid
action upon the iron that is there going on. If
we substitute a little infusion or tincture of galls

*“for the ferrocyanate, the solubility of the iron is
then shewn by a black sint 1+ A,

PRTY

* This salt is commonly called prussiate of polgeta, and
is 2 most delicate test of the presence of iron ii’gelution,
which it shews by the production of a more or iggs ihtense
and copious cloud of blue.! This blue precipitate 8 a ferro-
cyanate of iron, or Prussian blue,

+ Infusion of galils is another excellent est of the pre-
sence of iron ; it is made by infusing a bruised gall-nut in
a quarter of a pint of boiling water; when cold, the infusion
is filtered off; and on adding a few drops of it to any liquid
containing iron, a purple or black cloud is immediately per-
ceptible. Should the ligwid which is suspected to contain
iroyl be very acid, it should B¥ neutralized by the addition
ah alkal previous t~ the application of the test.
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The want of saction of the megative pole is
shewn in these experimefits; andsmay be more
explicitly illustrated by the‘following :—

Silver and copper are metals which are readily
acted upon by dilute nitric acid ; it dissolves them
with cffervescence ; but if they are plunged into
the acid when rendered electronegatiye, they resist
its solvent or oxydizing power.

These cases, however, of the prgvention of
ordinary chemical action by the agendy of elec-
tricity, admit of a more simple illustration, inde-
pendent of the use of the pile. It has been stated
above, that when a plate of zinc in the contact of
one of copper is immersed into water, a vol;
taic or electric circuit is pratluced, the copper
being rendered uegative, and the zinc positive,
Under these circumstances, therefore, although
the zinc is more speedily corroded than it otherwise
would be, the copper is proportionally protected,
and resists those agents which otherwise would. .
attack it. This preveption of chemical action
may be further illustrated as follows: Dilute some=
nitric acid in a wine-glass yith five or six parts of
water, g0 that it mays act with verys inoderate
rapidity upon a piece of sheef-copper immersed
into it; in the couese of a few minutes the acid
will have acquired a slight®blue colour, from the
presence of dissolved copper, which may he ren-
dered more striking by dropping a little of it into
a solution of ammonia *, when a deep blue colour

* Ammonia, or the volatile alkali, is & most efficacious
test of the presence of copper, and, as that pernicious metal
is often contained in preserves, pickles, and occasionally in

» other urticles of food, it may be usefylly resorted to for the
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will immediat’r'y announce the presence of cop-
per: but if the! copperrplate be united with one of
zine, and then plunged into the same acid, it will
be found not to have been acted on, the zinc only
being dissolved.

Again: immerse a polished plate of iron into a
glass of water impregnated with carbonic acid
(soda-water does very well); and in a few hours
the water wéll be discoloured, and a portion of the
iron dissolved, as may be shewn by the black
colour produced on adding a little infusion of
galls. Now, tie a strip of zinc in close contact
with the iropr, and immerse the two metals into
the same water: after the lapse of some days,
none of the iron will have been taken up; indced,
it will remain as bright as when first put in.

These examples, which might be numerously
multiplied, furnish sufficient evidence of the curious
interference of the electrical with the chemical

» ~powers of matter. Sir Il. Davy, to whom we
_owe the discovery or development of the prin-
cipal facts which they ‘é#blish, aimed at a very

j

urpoge of detecting it : it is only necessary to a monia,
in slight excess, to the suspected liquid, and i®™eopper be
present, a more or less intense bfue colour will be produced,
the liquid generally remiaining clear. Another valuable
tost of the presencenof cop&)er in any liquid is the ferrocya-
nate of potniﬁ'n, méntioned above, for the detection of iron:
in solutions of copper it occasions a cloud or precipitate of a
very characteristipaich brown tint. If a larger quantity of
copper be contained in a liquid, it will be thrown down in
a metallic slate upon u piece of clean iron : the author has
known the green ornameuts upon a twelfth cake to contain so
large a quantity of copper, ¥ to leave a copper streak upon
the blade of the knifi with which they were cut through.

i

e
5
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important practical application qf them, as a
means of preventing the éqrrosioneof the copper-
sheathing of ships.

It was generally believed that sea-water had
but very little action upon pure and well-roled
copper, and that its occasional rapid corrosion
depended upon sbme impurity of ghe metal, or
some imperfection in® its manufacture. It was
found, however, on immersing piecesof the best
and purest copper that could be procuffed, in sea-
water, that it soon became cevered with a green
powder, and was ultimatcly more or less oxidized
and corroded. It was evident thg} this action
depended upon the mutual attraction of the posis
tive copper and the negative dxygen or acid con-
tained 1 the water, and that it might, therefore,
possibly be suspended or prevented, by commu-
nicating a negative energy to the copper, which
would cause it to repel its assailants; and ghis
was easily effected, as the previously detailed exee-
periments teach us, by.attaching to it any more
oxidable metal, such as zinc, iron, or tin. -*

In experiments upon the small scale, it was
found that a piece of wumprolccted eopper im~-
mersed in a glass of sea-water, was soon cdvered
by a grecn powder? part of which was dissolved,
and part precipitated; but’on asaching to it &
piece of zinc, and keeping theymetal, thus pro-
tected, under sea-water, it remaimed bright, and
even untarnished for several weeks; of the facility,
therefore, of thus effectually protecting the copper,
there could be no doubt: but a point of great
importance in references to the present question
was to determine the relative proportion which it
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was necessaryy fog the protectingvmetal to bear to
the protected. When thc former was zine or iron,
and amounted to from one-fortieth to onc one-
hundred-and-fiftieth of the copper surface, the
latter metal underwent no change or decay ; when
the zinc was reduced to one two-hundredth, and
one four-hugdredth, there was' some perceptible
loss ; but it is, to a considérable extent, effectual,
where it enly amounts to onc one-thousandth.
For thesé purposes cast-iron answers extremely
well, and is cheaper and more durable than zinc;
for it will be remembered, that the protecting
metal is acted upon with a rapidity directly pro-
portional to 1ts saving power.

As far, therefore, as prolection, or prevention
of decay is concerned, the above cxperiments are
extremely satisfactory in their results, and seemed,
at first sight, to hold out well-founded hopes of
their being applicable upon the large scale; but it

—-unfortunately happens that, when a negative clec-
tric power is thus conferred upon the copper, so
~as to protect it from oxidizing and corroding
agencies, it becomes, as abuve cxplained, attrac-
tive of motals and of the'r oxides, andgin short,
of the whole list of electropositive bo lés&?g among
these are the earthy substances contained in sea-
water, such as lime, inagnesia, and some of their
compounds: thee, therefore, when the plan was
adopted upon a large scale, and a protecied vessel
sent to sea, were precipitated or deposited upon
the copper. Now it secmed, at fitst, as if this
earthy coating would merely act as an additional
preservative of the copper; but, unfortunately,
the wdventitious crust or surface thus formed, is
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most favourable o the adhdsion of weeds, and
of certain marine animals and iﬁsd{:ts; and these
agcordingly attached themselves to' it so rapidly,
/;md in such abundance, as to render the bottom
extremely foul, and to interfere with, and impegle
the sailing of the vessel. Theory would lead us
to expect, that the @inc or iron might be so ex-
actly proportioned to tle surface of tBe copper, as
cflectually to protect it, without at the same time
communicating to it that tendency to attract an
earthy crust, which has just begn mentioned ; but
in practice this has been found scarcely attain-
able. Sir H. Davy’s beauti?:l and philosophical
suggestion, therefore, has not, in &onsequence,
been adopted. . ¢

It is indeed to be regretted that the succcssful
a{)plications of scientific reasoning and philoso-
phical discovery to practical purposes, and to the
arts of life, are rarely made by their original
inventors; and the case before us threatens to tfrn
out a painful instance of this remark, for a patent
has been taken out for covering ships with irone
plate, protected by zinc: the iron is said to be
thus rendercd comparatiyefly durable and perma-
nent, and not to have that tendency to beaome
foul, by a little overeprotection, which belongs to
copper ; whilst its extreme clteapnegg, in compari-
son with copper, adds greatly toethe value of its
application.

The above is a summary view of the effects of
‘voltaic electricity as a chemical agent; and it
would appear that, as such, it acts In some cases
mercly as an agent produging®heat, and in others
it manifests a peculiar decomposing action, and
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attracts the elements according fo certain laws,
at the respectjve poles. It deserves attention,
that in the latter cases the presence of water ap-
ears an essential requisite, and the elementary
odies are separated frum each other associated
with its oxygen and its hydrogen, according to
the statement at p. 239. .

§ 12.—Of the. Identity of the different Forms of Electricity.

The identity of common and of voltaic electri-
city has sometimes been doubted, in consequence
of the difficulty of effecting, by the former, those
chemical chunges and decompositions which the
‘Jatter casily prodnces; but Dr. Wollaston * has
shewn, that if means be taken to assimilate thesc
two states of electricity, they produce similar
effects. Two very fine platinum wires were in-
serted in capillary tubes ; one extremity of each

oWife was pointed as fine as possible, and being
Introduced within the capillary tube to a short
distance from its end, thé glass was softened by
heat, till it adhered to, and covered the point;
that end of the tube ﬁas’_ then gradually ground
away, until the point of the wire was pdceptible
through a lens. The tubes, thus prepared, were
introduced into a vessel of water, so that the me-
tallic points wer~ ncar each other, ayd formed an
interrupted mefallic circuit. One . of the wires,
was connected with the ground, and the other
with an insulated ball placed within a short dis-
tance of the positive conductor. When a current of

L O
® ¢ Philosophical Transactions,’ vol. xci. p. 427.
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sparks is thus passed through the water, bubbles of
gas gradually issue from dhe wire?, which may be
collected in an inverted tube, and gre found to be
the mixture of oxygen and hydrogen in due pro-
portions to form water (see page 237). This
decomposition is very slow compared with that
attained by voltaiq electricity, as already described:
its rapidity was found,proportional %0 the small-
ness of the wire through which the electricity
passed, and the dispersion of the el®atricity was
prevented by the glass coating of the tube, which
limited the escape or passage to the small unco-
vered points.

Other chemical decompositions®were in the
same way cffected by common electricity: tife
current was transmitted, by two fine gold points,
along the surface of a moistened card tinged blue
by litmus ; after a few turns of the machine, the
blue was changed to red in the vicinity of the
positive wire. The negative wire was then pitced
upon the red spot, and the original blue was thus
soon restored. Heré, therefore, an acid was
evolved at the positiye pole, and an alkali at the
negative. . .

Two silver wires, coated with gealing-wgx, so
that their ends only were exposed, were inserted
into a solution of copper;son transmitting a cur-
rent of sparks from onc wire tq the other, the re-
ceiving or negative wire becamé coated with cop-
per; and the copper coating was removed when
the electricities were reversed.

These experiments, then, are sufficient to shew
that common electricity, a it is usually called,
vamely, that excited Dy the elgctrica; machine,

® 8
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posscsses the same decomposing powers over the
chemical constitltion of matter, as that generated
in the voltaic pile. As far also as healing power
is concerncd, these two electricities may be shewn
to be identical ; for the common electric spark
produces intense leat, as is proved by the facility
with which it sets fire to the vapour of cther or
alcohol. The Simplest way of making this experi-
ment is 1o receive the spark into a small metaF cup
or spoon, centaining a little spirit of wine warme
by previously inflaming it, and blowing it out: the
spark immediately rekindles it.  In the same way
we apply the electric spark to various chemical
purposes, and< especially to effect the union and
décomposition of various gaseous bodies. The
facility with which hydrogen or inflammable air is
thus ignited, has given rise to a very clegant and
ingenious application of electricity to the purpose
of obtaining artificial light. This form of appa-
ratug, and other practical applications of electricity,
will be explained in a following volume.
« «Such being the heat produced by the passage
of the clectric spark, it is often asked why it can
be received with apparent impunity upon the hand,
where it might be expected to shew its temperature
by producing a blister. But i this case, the ap-
plication of heat is tow instantancous to produce
such effeets ; just as we can touch a red-hot poker,
provided the contact be merely momentary.

When the discharge of a large Leyden jar, or
of several united, is made to pass through com-
bustibles, an effect of heat is produced proportion-
ate to the electric accumulation: in this way fine
metallic wires may be burned, with very beautiful

m
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phenomena, especially by burﬂin§ them stretched
over a piece of white card or writillg paper.

There is considerable difliculty, in this way, in
inflaming gunpowder, which requires to be pul-
verized and rammed into a quill or a small car-
tridge-case ; if the discharge of a large jar, or
battery, be then passed between tw8 wires inserted
in the centre of the squib, so as neany to touch,
it usually explodes. In attempting thus to inflame
loose gunpowder, it is gcner.ally dispersed by the
clectric explosion, without inflammation; -but it
may be casily ignited by the following con-
trivance : —place the powder jn & small ivory
mortar, of which a section & here representell,
and discharge a moderate sized Leyden jar
through it, so that the spark may pass be-
tween the interrupted wires @ @; in this case
the powder will be dispersed, and not ignited.

S et = =TT
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Now, repeat the experiment, placing a basin of
water in the circuit, so thatsit may be interrupted
by ten or twelve inchesdf that fluid, and the spark
that passes under such circuntstances will invari-
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ably fire the powder; or, the circuit may be in-
terrupted by a few inches of packthread well
soaked in water, and the same effect will ensue.
The following is a representation of the arrange-
ment: @ is a Leyden jar with a piece of chain

[

-touching its exterior coatihg, and immersed at the
other end into the shallow dish of water b, from
the opposite side of which another chaiu issues,
attaghicd to one of the conductors of the mortar ¢:
a chain is also attached to the opposite conductor;
and the discharge is eflccted, by bringing he ball
of the discharger d, in contact with thé knob
of the jar e. 'It would appear probable that
when the circuit is entirely metallic, the pas-
sage of the clectricity is too rapid to kindle
the powder, but that it does so when retarded
somewhat in its progress, by being made to tra-
verse the waier. v

A curious experiment, which may be called



THEORY OF THE VOLTAICWPILE. 263
)

electro-chemicaly consists in tracigg lines or de-
vices upon a thin plate ol glass, sovered with lac
varnish, with the knob of a positively charged
Leyden phial; positive clectricity is thus commu-
nicated to the side touched, and corresponding
lines of negative clectricity are produced by in-
duction, upon thé opposite side. 1% we now sus-
pend the glass plate ifisulated in the air, and blow
upon it a finely-powdered mixture ofe sulphur and
red lead, the latter only will adhere to tliose parts of
the plate which are positively electrified.  If we
now blow the same mixture upon the other side
of the plate, the sulphur alone willadhere to the
parts which are negatively clectrified. Thus the
same lines will be traced upon both sides of the
glass plate, but with different coloured powders,
the positive lines being red and the negative
yellow. The cause of this appears to be, that
when sulphur and red lead are triturated togegher,
the former acquires positive and the latter negm
tive clectricity :  hence the respective powders at-
tach themselves to those surfaces which have dn
clectricity opposed th their own.

L .

L]
§ 13.—0Of the Sourge of the Blectricity of the FPoltaic
Apparabus.

The theory of the Foltaic file is involved in
many difficultics ; but the original sour.ce of clec-
tricity appears to depend upon the contact of the
metals, for, as we have already shewn, a plate of
silver and a plate of zinc, or of any other diffi-
cultly and casily oxidable metals, become nega~
tive and positive on contact., The accumulation
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must, in party be referred to ‘induction, which
takes place, in the electrical column, through the
very thin stratum of air or paper; and through
water, when that fluid is interposed between the
Pla‘es. Accordingly we observe that the appa-
ratus is in the condition of the scries of condue-
tors with interposed air; and of the Leyden
phial.  When the electrié colunn is insulated,
the extrenrties exhibit feeble negative and posi-
tive powers; hut if either extremity be connccted
with, the ground, ‘the clectricity of the opposite
pole or extreity is greatly increascd, as may be
shewn by the increased divergence of the leaves
of the electrometer which then ensues.

Dr. Wollaston, ‘and some other eminent philo-
saphers, have contended that chemical action is the
source of electricily both in the common machine,
anl in the pile (Phil. Trans, 1800); but this
opinion has been opposcd, and I thiuk success-

=iully, by Sir II. Davy (Elements of Chem. Phi.
163). Zinc and cepper; he observes, different
‘metals and oxalic acid, different metals and sul-
phur, or charcoal, exlibit électrical cflects after
mere contuct, and that,‘in cases when not the
slighfest chemical cliange can be obscrved ; and
if n these experimens chemical phenomena are
produced by the action of heat or liquids, all
electrical effects ¥mmediately cease; and it is not
philosoplical to assume a cause to account for an
effect, when no such cause can be peygeived.

It has been supposed that the:attign of the com-
mon electrical machine dependa;; he oxida~
tiong of the amalgami ; but Sir,
métnting a emall machine. i
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»
such a mannerhat it could he gade to revolve
in any species of gas, that it was gctive in hydro~
gen gas, and more active in carbonic acid gas
than in the atmosphere (probably owing to ils
greater density). The experiment was several
times repeated under different circumstances, and
uniformly with the same results;eand may be
regarded as decisive ift this important question, for
neither hydrogen nor carbonic acid cauld, possibly
oridize the amalgam. °

Sir . Davy furthér obsetves, that electrical
effects are exhibited by the same bodies, when
acting as masses, which produce cligmical pheno-
mena when acting by their particles; it is naj,
therefore, improbable, that the’ primay cause of
both may be the same, and that the same a1 “ge-
ments of matter, or the samo attractive powers,
which place bodics in the relations of positive and
negative, i e. which render them attractivg of
cach other electrically, and capuable of communs>»
cating attractive powers to other matter, may like-
wisc reuder their particles attractive, and enable
them to combine, when they Lave full freedom of
motion. y .

It is not a little in favour of this hypothesis,
that Leat, and sorfetimes lleat and light, result
from the exertion of both electrical and chemical
attractive powers; and that by Yendering bodies,
which, on contact, are in the relation of positive
to others, still more highly positive, as has been
above stated, their powers of combination are in-
creased (page 250) ; whereag, when they are placed
in a state correspondingto the negative electrical
state, their powers of union are destroyed (page
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251). That aride can be detached from alkalies,
oxygen and cklorine from inflammable matter by
metallic substances, or by a fluid menstruum
highly positive, is likewise favourable to the sup~
poSition,

This view of the possibility of the dependance
of electrical mnd chemical action upon the same
cause, has been much nlisrepresented. It has
been supposed that the idea was entertained, that
chemical changes were occasioned by electrical
changas; than which nothing is further from the
hypothesis which has been advanced. They
are conceived, on the contrary, to be distinct
phenomena; but produced by the same power,
acting in one case on masses, in the other case on
particles. The hypothesis has becn attempted to
be controverted by experiments which are far
from satisfactory, and some of which have no con-
nexion with it. It has been said, that acids ren~

“dered positive by the common machine, will still
combine with alkalies, and that other contradictory
results may be obtained; but a non-conducting
acid, though broughtstin contact with a positive
surface, clectrified by the common machine, is
not rendered positive throughout; but gains a
polar electricity, which extends only to a certain
depth into the crystals, and the exterior surface,
if electrical at &ll, is negative; and if a wire,
positively electrified by the common machine, be
introduced into an acid solution, this solution, if at
all affected, when made 1o act upon another solu-
tion, will be negative.at its point of action ; that is,
it will be positive near tite wire, but will be in the
opposite state with regard to another surface. And"
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common electricity is too su.xa.ll.in Quantity, in its
usual form of application, to inflyence chemical
changes ; for it requires a very strong machine
acting upon a very small surface, to produce any
sensible polar decompositions of bodies, as has
been above explained.

The power of action of the Voltaic apparatus,
seems to depend upoh causes similar to those
which produce the accumulation in $he Leyden
battery, namely, the property of non-tonductors
and imperfeet conductors to receive electrica) pola-
tities from, and to communicate them to cone
ductors; but its permanent action js connected
with the decomposition of the chemical liquidg
between the plates. Each plale of zinc is made
positive, and each plate of copper negative, by
contact ; and all the plates arc so arranged with
respect to each other as to have their clectricities
exalted by induction, so that every single pglar
arrapgement heightens the electricity of evem.
ather polar arrangemerd; and the accumulation
of power increases with the number of the seried.
When the battery i8 conmected in a circle, the
effects are demonstrated by its constan¢ exhibition
of chemical agencies, and the powers exist a8 long
as there is any nlenstruup to decompose: but
when it is insulated, and the extreme poles of
zinc and copper are uncounectedd no effects what-
ever are perceived to take place, no chemical
changes go on, and it exhibits its influence only
by communicating very weak charges to the clec-
trometer, the end terminatad by ginc communi-
cating a positive charge®, that terminated by cop-
per, a negative charge. .
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)

That each plate of ghe most vxidable metal in
the apparatus,is in the relation of positive, and
each plate of the least oxidable, in the relation of
negative, and that every serics is possessed of
similar and equal polarity, is shown by a very
simple experiment: forty rods of zinc of the
same size, apnnected with forty silver wires pre-
cisely similar, werc intrbduced in the regular
order into eimilar glasses filled with a solution of
muriate 6f ammonia, rendered slightly acid by
muriatic acid; astong as the extreme parts re-
mained unconnected, no gas was disengaged from
the silver, apd the zine was scarcely acted upon ;
~hen they were connected, all the plates of zine
were dissolved much more rapidly, and hydrogen
gas was evolved from every silver wire. And in
another experiment, in which several of these
wires at cqual distances were introduced into
small glass tubes, it was found that equal quanti-

=ides of hiydrogen were produced. )

Sir  Humphry further: rcmarks, that there are
‘no fluids, except such as contain water, which are
capable of being maderthe thedium of connexion
between the metals of the Voltaic apparatus, and
refers the activity of De Luc’s columm to the
moisture adhering to the papér discs ; to this view
of the subject we have already adverted above.

3

§ Y4.—The Theory of Nutural Pk as led
with Electricity,

Having now consigered electricity in relation to
its principal chemical effects, we may proceed
briefly to examine,its influence as a natural agent.
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Electricity is cglled into actign, Jupon a grand
and sublime scale, in the pfoduction, of the thun-
der storm. It has been by no means satisfactorily
ascertained to what the enormous electric accu-
mulation that in such cases ensucs, is to be atts-
buted, but it is probably referable to a variety of
causcs, and connceted with some pequliar power
in masses of aérial vapour to receive and refain
electrical charges, which do not admit ¢f artificial
imitation, and cannot, therefore, be satibfactorily
investigated or explained* Ly experiments upon a
smaller scale.

The ancients referred the phengmena and
effects of the thunder-storm to the collision and o
attrition of clouds and vapours, ithpelled and agi-
tated by violent storms and currents in the higher
regions of the atmosphere ; and, in more modern
times, before the discoveries in electricity which
have been noticed, subtile inflammable and syl-
phureous exhalations were supposed to exist in thee .
air, and, by their ignition and explosion, to pro-
duce those stupendous effects which we are about *
to describe. . R

At a very carly period «of electrical science, an
analogy between the electric spark and lightiling
was suggested. Mwe Grey and Dr. Wall, and
afterwards the Abbé Nollet *,*hinted much mnore
explicitly at the analogy. ¢If an¥ one,’ says he,
¢ sr:ou]d take upon him to prove, from a well-con-
Pected comparison of phenomena, that thunder is
in the hands of naturc what electricity is in ours;
that the wonders we now exhjbit at pleasure are

* Lecons de Physique Exp#rimentale, tome iv. p. 314,
Paxis, 1748, . o
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small imitations of tHose great effects which alarm
us, and that the wholt depends upon the same
kind of mechanism; should it be shown that a
cloud, formed by the action of the winds, by heat,
and by a mixture of various exhalations, is, when
opposite to a terrestrial object, as an electrified
body when gt a certain distance from one that is
not clectrificd, I confessy such an idea, if well
supported, would afford me infinite pleasure, and,
that it mdy be supported by many plausible argu-
ments, is obvious. to any one well versed in the
history of electrical phenomena. The universality
of the electrjc matter, the rapidity of its action, its
«heat, and its activity in inflaming other bodies ;
its property of striking them externally and in-
ternally, even to their smallest parts ; the remark-
able instance we have of this effect in the Leyden
experiment; the notion which may be legiti-
mately adopted of the effects that might be sup-

«posed to arise from a much greater accumulation
of electric power: these, and many other points of

* analogy which I have for some time meditated
upon, almost induce me to Helieve that, in taking
electricity as a foundatien, one might form much
more perfect and plausible hypotheses respecting
the origin of thunder and lightning than any that
have been hitherto fuggested.’

Such are th/ ingenious suggestions of Nollet.
respecting the analogies between elettricity and
lightning, and their truth was afterwards amply
proved by Franklin, who, like his predecessors,'
meditating upon the similarity of their effects,,
traced out further resergblances, and at length hit
upon the happy expedient of sending up a coms.
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mon kite to an glectric clotd, and thus cxperi-
mentally demonstrating their idehtity. The follow-
ing are the particulars of this curidus discovery ¥*.

Franklin begins his account of the similarity of
the electric fluid and lightning, by cautioning his
readers not to be staggered at the great difference
of effects in point «f degree, since from that no
fair argument could be,drawn, of the actual dispa-
rity of their nature. It is, he says, no wonder
that the effects of the one should soefat exceed
those of the other ; for if two gun-barrels glectri-
fied will strike at two inches distance, and m2ke a
report, at how great a distance 10,000 acres of
electric cloud must strike and givé®its fire, and
how loud must be the crash. #e then adds, that
flashes of lightning are generally crooked and
waving, and so is a long electric spark; that
lightning, like common electricity, strikes the
highest and most pointed objects in its way, in
preference to others, such as hills, trees, towerg,
spires, masts of ships, points of spears, &c. ; that
it takes the readiest and best conductor; that
sets fire to inflammgble bodies, rends others to
pieces, and melts the metafls. Lightning, he adds,
has often been known to strike people blindy and
the same happencds to a pigeon which had re-
ceived a violent shock of® clectricity; in other
cases it has killed animals, anq they have also
been killed by electricity.

Reasoning on these effects, and having observed
that pointed conductors appear to atdract electri-
city, he conceived that pointsd rods of iron fixed

* Encyclop. Brit.” Ast. Electricity.
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in the air might draw from cloyds their electric
matter, without: hoise ot danger, and dissipate it
at their termination in the earth: the following
is his memorandum upon this subject:—¢ The
eleetric fluid is attracted by points; we do not
know whether this property be in lightning, but
since they agree in all particulars in which we can
already compare them, it iz not improbable that
they agree Lkewise in this. Let the experiment
be made.” '

In the year 1752, whilc waiting for the erec-
tion of a s{;i;e id the city of Philadelphia, not
imagining that a pointed rod of any moderate
height would answer the purpose, it occurred to
him, that, by means of a common kite, he might
have ready access to the higher regions of the
atmosphere. Preparing, therefore, a large silk
handkerchief, and two cross sticks to extend it on,
he took the opportunity of the first approaching
thunder-storm, and went into a field, where there
was a shed proper for his purpose. But, -dreading
the ridicule which he feared might attend an un-
successful attempt, he communicated his intention
to no one kut his son, whe assisted him in flying
the kite. A considerable time elapsed without
appearance of. success, and  promisiog cloud
Ea.ssed over the kite with no effect, whémyjust as

e was beginning, to despair, he obsérigetl some
loose threads upon the string of the igiterbegin to
diverge and stand erect; on this, h&fastened a
key to the string, and on presenting his knuckle
to it, was gratified by the first electric spark that
had thés been drawn from the clouds; others
suckggded, and when the string had become wet .
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by the falling rajn, a copiols stream of electric
fire passed from the cohductor': to his hand.
What were Franklin’s emotions upon this interest-
ing occasion, it is not difficult to conceive : we
are told that when he saw the fibres of the string
diverge, and the spark pass, ¢ he uttered a deep
sigh, and wished that the moment wgre his last;’
he felt that his name swould be immontalized by
the discovery. .

Dr. Franklin pursued these experitherits with
much assiduity and suceess: he erected an insu-
lated iron rod to draw the lightning of the clouds
into his house, and performed, with ghe electricity
thus derived, nearly all the experiments for whicl
he had before employed the dommon machine ;
and that no opportunity might be lost of making
such experiments, he attached a chime-of bells to
the electric rod, which gave him notice, by their
ringing, of the electric state of his apparatus.

In justice, however, to two French gentlemen,
Messrs. Dalibard and ,Delor, we must remark,
that they probably were the first who experis
mentally verified Franklins hypothesis, although
the Doctor was unacquainted with theig proceed-
ings. The former prepared his apparatas at
Marly, near Paris ;othe latter at his house, which
stood upon high ground in that city. M. Dali
bard’s apparatus consisted of ay irom rod forty
feet long, the lower end of which was hrought
into a sentry-box where the rain ¢ould not enter,
while on the outside it was fastened to three
wooden posts by silken strings defended from the
rain. This machine wagthe’ first that happened

+t0 be favoured by a visit from, the etherial fire,
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M. Dalibard hinesell was from home, but in his
absence had entrusted the care of his apparatus to
one Coisier, a joiner, on whose courage and un-
derstanding he could depend : this person, having
héd all nceessary instructions, was directed to call
some of his neighbours, particularly the curate of
the parish, vhenever there should be any appear-
ance of a thunder-stornf; at length the event
arrived, ar:l on Wednesday, the 10th of May,
1752, between two and three in the afternoon,
Coigsr heard a loud clap of thunder; he immedi-
ately ran to the sentry-box, and, in the presence
of the curate and several neighbours, drew sparhs
~from the conductor. A few days afterwards a
successful repetition of the experiment was made
by M. Delor at Paris.

These important and interesting experiments
were of course repeated in almost every civilized
country with variable success: in I'rance a grand
arcsult was obtained by M. de Romas*. lle
had constructed a kite ~:ven feet high, and three

“wide, which was raised to the height of 550 fect
by a string, with a fine wite interwoven through
its- wholelength, to render it a better conductor.
On*the 26th of August, 1756, sparks, or rather
~streams of light were darteti from the siring of
%this kite, of an inch in diamcter, and ten feet
long. /

Considering the facility, and, at the same time,
the danger of these experiments, it is curious that
they have only in one instance been attended by a
fatal result, namely, in the case of Professor

~ -
* Mem. des Sgavans Etr‘l_ggers, tome ii.
T g
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Richman of Pesersburgh, 'He, had constructed
an apparatus for experiments on,atmospherical
clectricity, which was entirely insulated, and with
no contrivance for discharging it when too strongly
electrific.  On the 6th of August, 1753, he Was
cxamining the clectricity of this apparatus in
company with a filend, and whilst atending to an
experiment, his head fecidentally approached the
insulated rod, and a flash of lightning immediately
passed from it through his body and defrived him
of life. A red spot wag produeed upon hix fore-
head, his shoe was burst open, and a part of his
waistcoat singed ; his companion was for sowe
time rendered senseless ; the door of the roorg
was split and torn off its hinged.

The discovery of the identity of lightning and
electricity has not been without its important prac-
tical results, among which we may especially enu-
merate the application of Conductors to buildiggs
and ships, by which their safety during a thundes-
storm 1s almost cnsurad. Franklin’s original
proposition for the purpose is that almost gene®
rally adopted; it comsists W erccting a perfectly
continuous metallic rod by the side of awy building
which it is intended to protect from the cffebts of
lightning; the rod sis to be pointed at each ex-
tremity, and estended abovt the highest part of
the building at onc estrcinity, the other pene-
trating deep into the earth, or in contact with
water. In establishing this safeguard no other
precautions are nccessary than to have the top
well and permanently pointeg ; and it is better of
copper than iron, becaws the former docs not so

» casily acquire a coating of rugt, whi(;h, being a
- v
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non-conductoy, migb(t possibly.diminish its efficacy :
it is sometimes well to subdivide the extremity

)

—

into three or four points: and it should be well
secured to the side of the house in its descent,
and penetrate so deep in the ground as always to
be in free contact with a moist stratum of soil ; if
Jt’ends in a deep well, so much the better. The
diameter of the rod should be such as amply to
secure it against being melted by a sudden and
copious ﬂasi of electricity,, for which purpose half
an inch ig fully sufficient; and if the roof is leaded,
a broad strip of lead should connect it with the
conductor®. 'When a building is very extensive,
it is as well to have:a conductor at each end ; and
where a churck spire is to be protected, all clamps
and bars of metal of any magnitude used in its
construction should have a metallic connection,
by a strip of lead or otherwise, with the nearest

# It not unfrequerfily happens that the iron or leaden
water-pipes attached to hduses act as excellent conductors,
and supersede the nacessity of any specific arrangement.

4
e
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part of the conducting rod’ A small building
containing very dangerous materigls, such, for
instance, as a powder magazine, is perhaps most
prudently defended from ignition by lightning, by
placing the conductor within a few yards of the
building, and elcvated several feet above it; for
this purpose it may be attached tosa mast or
signal post in the vicinity. .
Conductors for ships have hitherto heen made
moveable, with the intention of occasi{mally at-
taching them to the masttluring dangerous st vrms ;
the consequence of which has been, that they
have generally remained packed up bgJow, and are
not in their place in the time of danger: they arcey
also generally made of chain, which is highly im-
proper. 'We are lately indebted to Mr. Harris for
drawing the attention of the proper authorities to
this important subject ; be judiciously recommends
fixed conductors, and has experimentally demgn-
strated their safety and value. . .
Persons not otherwises nervous or timid, often
experience particular sensations of alarm and dis-"
comfort upon the approach of a thunder-storm,
arising from some constitutional peculiarity which
perhaps renders them especially sensible of the in-
fluence of electricity upon the system. These
and others are often led to inquire afier the best
means of safety upon such an occasion; the direc-
tions to be given arc few and simple, 1f out of
« doors, trees should be avoided; and if, from the
rapidity with which the explosion follows the
flash, it should be evident thgt the electric clouds
are near at hand, a rccumbent posture upon
dhe ground is the most secura It is seldom
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dangerous to ,take shelter wmler sheds, carts,
or low bulldmgs, but it is better to avoid them.
The distance of twenty or thirty feet from tall
trees, or houses, is rather an eligible situation, for
slould a discharge take place, such prominent
bodies are most likely to receive it, and the
less elevated objects in their nelghbourhood
may therefore escape uninjured. It is also right
during, a thunder-storm to avoid rivers, ponds,
and all streams of water, for they are good con-
ductes, and the ‘height ‘of a human being when
connccted with them is likely to determine the
course of the discharge. Within doors we are
#olerably secure in the “middle of a large carpeted
room, or when stauding upon a doubled hearth-
rug. We should avoid the chimney, for the iron
of and about the grate, the soot that lines it, and
the heated and rarcfied air that it contains, are all
corductors, and may tempt the lightning to de-
scend by that channel: upon the same principle,
gilt mouldings, bell-wires, and extensive metallic
surfaces of any description, are also in danger of
being struck.  In hed we dre comparatively safe,
for feathets and blankets’are bad conductors, and
we are consequently, to a ccrtdm extent, insulated
in such situations *.

The cellar has been somctimes recommended
as a particularfy safe place of resort, and so it

* When a tree is struck Dy lightning, it often happens

thatit is completely barked. This arises from the electrici
taking that direction which best conducts it, and which i
between the bark and the wood, where there is most sa

and moisture. The bark ot such occasions is often curi-

ously spread round tke tree in the form of a circle.
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often is; but we sometimes fihd that the basement
story of a housc is that wilich ptintipally suffers :
of this the cause is not very evidedt, though it is
customary to attribute it to the lightning having
proceeded from the earth to the clouds, insteadsof
traversing in an opposite direction.

We are often fold that there is np danger if a
certain interval of time can be counted between
the flash and the report of the thundet ; this is
true enough; indeed, if we can count at'all, we
are safe. ' .

Where persons have been killed by lightmng it
has generally come upon them so suddenly as to
leave no time for precaution ; though it must als
be admitted that some have sufftred from foolishly
ridiculing the idea of danger, and wantonly ex-
posing themselves to the storm; walking out to
admire its grandeur, or insisting upon opcning
the windows to look vut and observe it. A seyere
thunder-storm is always an awfyl and dangeroys
phenomenon; and whilg, on the onc hand, it is
the extreme of folly to neglect common preca -
tions, and to ridicule those, that are alarmed, it is,
on the other, equally weak, and even irgeligious, to
give way to wmeccssary apprchensions and un-
Justifiable fears.

It is scarcely necessary here to describer a va-
riety of amusing apparatus which has been con-
structed with a view to shew the effects of lightning
upon buildings, the means in which it harmlessly
traverses good and continuous conductors, and the
mischief which it preduces when they are insuf-
ficient or interrupted. Modeéls of houses, powder
magazines, and ships, properly fitted up for these
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demonstrations, are sold by the philosophical-
instrument makers.

The appearafice of the heavens during a thunder-
storm, the manner in which the clouds assemble,
and attract and repel each other, the circumstance
of their rising against the wind, and traversing
the upper regions of the atmosphere in a variety
of contrary dircctions, are phenomena which it is
not difficult, to cxplain by a reference to those
general jaws of electrical attraction and repulsion
which_have been =lrcady sufficiently cxplained.
Upoo the same principle we account for the sin-
gularly fringed appearance of a thunder-cloud,
apd for the ragged excrescences which it projects
towards the carth, whilst its upper surface is gene-
rally smooth and well defined. We usually observe
that a number of such clouds of small dimensions
coalesce into a larger onc, moving swifily in all
directions, and darting flashes from one to the
other, whilst the wind rises and often blows in
squalls; the lightning is .more frequent as the
clouds aggregate, and a great expanse of the
heavens often appears in an. almost continuous
blaze of light. The thunder, at first rumbling in
the distance, now approaches with various roar-
ing and rattling sounds, and the rain’often falls
in torrents, ' .

If we watch a severe thunder-storm from the
beginning to the end, we shall observe a singular
variety in the appearance of the flashes: the scene
is sometimes rendered awfully magnificent by their
brilliancy, frequency, and extent, darting some-
times in broad and well defined lines from cloud
i ‘cloud, and somgtimes shooting towards the
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earth: they then become rig-zag and irregular,
or appear as a large and rapidly moving ball of
fire, an appearance usually designated by the
uninformed, a thunderbolt, and erroneously sup-
posed to be attended by the fall of a solid body.
The report of the thunder is modified, according
to a variety of circumstances, derending partly
upon the situation o. the observer, the nature
of the country, and the extent of air which it
traverses. Sometimes it sounds like tne firing of
many muskets at a short distance off ; so wetimes
like the clattering of loose boards upon’ each
other, or the sudden emptying of a large cart-
load of paving-stones: in these cases it usualy
quickly follows the lightning, &nd is near at hand:
when more distant, it rumbles and reverberates,
at first with a loud report, gradually dying away
and returning at intervals, or roaring like the dis-
charge of heavy artillery. In accounting for ghese
phenomena it must be recollested, that the pas-
sage of electricity is irfinitely rapid ; a discharge
through a circuit of four miles has been experis
mentally proved to Je instantaneous ; the motion
of light is similarly rapid, and hence the flash
appears momentary, however great the dfstance
through which it passes. But with sound the case
is very different; it is infinitely slower in its pro-
gress, moving only at the rate of about twelve
miles in a minute. Now supposing the lightning
to pass through a space of some miles, the ex-
plosion will be first heard from the point of the air
agitated, nearest to tl.c spectator ; it will gradually
come from the more dirtant parts of the course of
the electricity ; and last of all will be heard from
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the remote extremltv, ‘and the diff2rent degrees of -
the agitation of t'he air, and likewise the difference
of the distance, ‘will account for the different in-
tensities of the sound and its apparent reverbera-
tions and changes.  If the observer be equidistant,
or nearly so, from every part of the flash, he will
hear a single crash: this will happen if we sup-
pose @ in “the ent 1o represtnt the observer, and
b the direction of the flash. But, if the observer be

LR FEY

at a, the dircction of the ligh'ning being repre-
sented by tha line b (in the next page), the sound
will first reach him from the nearest point, and
regularly, but rapidly, dic away s it recedes.

The common progress of lightning is, however,
much less regular; and may be represented by
the zig-zag line ¢, the spectator standing at
a, in which case the sound will first come to
him from the nearcst point, and will then seem
to recede and again to approach, rumbling irregu-
larly as the sound arrives from the different por-
tions of traversed air, some nearer and some further
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from him, until it is at length lost'in the distagce.
This irregularity in the passade of the clectric dis-
charge is soractimes so considerable, that the
thunder is actually lost to the ear at one-moment
and heard again at another, and this three or four
times successively in the same clap. .
Therc was at onc timc a foo}ish controvgrsy
among electricians respecting the relative advan-
tages of points aund balls in the construction of
conductors ; but, sonsistently with Dr. Franklin’s
original recommendaiion, points are now uni-
versally adopted. It has already been sheéwn that
they slowly and sMently discharge clectricity, with-
out admitting of inducti8n, as is the ¢ase with
“balls, or large and equal surfices. Dr. Franklin
suggested an experiment in further proof of his
opinion, which consisted in attaching to the prime
conductor of the electrifving machine, one or more
large flocks of cotton, so,as to resemble electri-
fied clouds. When @ point is made to approach
these, they collapse, recede, and quickly lose their
electricity; when, on the other hand, they are
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approached by a ball, they are attracted towards it,
and the electric cnarge is very slowly dissipated.

Of the cause of atmospheric electricity we are
nearly ignorant: it is true that many changes
whick are continually going on upon the earth’s
surface, and in the surrounding atmosphere, are of
such a nature as are known to disturb the electric
equilibrium ; evaporation, change of state or form
in the varietiex of matter; changes of tempera-
ture ; chemical action; all these are sources of
electrical 2excitation ;' but still they can hardly be
adduced as offering a satisfactory explanation of
the enormous electrical accumulation that a thun-
der;storm evinces. That sudden, violent, and ex-
tensive chemical and mechanical changes in the
forms and states of matter are causes by which elec-
tricity is-often copiously manifested, is shewn by
the flashes of lightning that accompany volcanic
eruptiqns, and by the highly clectric state of the
surrnunding atmosphere that attends them.

Another natural phenomenon, which may be
refetred to electric excitation, is the waterspout ;
it appears to result from the electric attraction of
a mass of vapour or cloud acting upon the water
beneath ! it first causcs the appearance of a hillock
in the ocean; the water is thet drawn up ‘in a
column towards the clouil, and the cloud and rain
are attracted towards the water.

It occasionally happens that volcanoes stddenly
break forth in the sea, and sometimes in very
deep water; and they arc atiended by thunder,
lightning, and waterspoyts. Of such an eruption
a curious account is given+by Captain Tillard in
the Philosophical Trensactions, and of its general
appesranteand effects some notion may be formed
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from the following wogddcut, In June, 1811,
Captain Tillard, on approachify the island of
St. Michael, observed several columns of smoke
rising in the horizon, which proved to issue from
a marine volcano about a mile off the nortltwest
end of the island, whither he proceeded more
nearly to inspect the phenomena. , ¢ Imagine,’ he
says, ¢ an immense body of smoke rising from the
sea, the surface of which was marked by the silver
ripplin%’ of the waves occasioned by the Elight and
steady breezes incideiral to those climatds in sum-

mer. In a quiescent state it had the appearance
of a circular cloud, revolving on the water like a
horizontal wheel, in various and irregular invglu-

tions, expanding itself.graﬁually on the lee side,
when suddenly a column “of $he blackest cinders,
ashes, and stones, would shoot up in the form of
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a spire, rapidly succeedled by others, each acquir-
ing greater velomty, and breaking into various
branches, resenibling a group of pines; these
again formmg themselves into festoons of white
feathery smoke. During these bursts, the most
vivid flashes of lmhtnmg continually issucd from
the densest parts of the volcano, and the columns
rolled off in large masses of fleccy clouds gra-
dually expanding themselves before the wind in a
direction nearly horizontal, and drawing up a
quantity¥of waterspouts, which formed a striking
addition to the scene.  In less than an hour a
. peak was visibje, and in three hours from the time
oft our arrival, the volcano then being four hours
old, a crater was forined, twenty feet high, and from
four to five hundred feet diameter.’

The “account then goes on to state, that the
eruptions were attended by a noise like the firing of
canmon and of musketry intermixed, as also with
shocks of earthquakes sufficient to throw down
a large part of the cliff on which the obscrvers
stood ; it is, however, principally to the lightning
and to the waterspouls that 1 would here direct the
reader’s attention. Captain Tillard afterwards
visited' the voleanic island: it was eighty yards
high ; its crater upon the level uf the sca was full
of boiling water; it Was about a mile in circum-
ference, and confposed of porous cm?lcrs and
masses of stone,

The Aurora Borealis is another natural phe-
nomenon, probably connccted with or dependent
upon electricity ; its gppearances indeed may be,
to a certain extent, imitatedl by artificial clectricity,
whiche when it passes’ through rarcfied air, ex-
-hibi#s a diffused luminous stream, having much
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resemblance tosthe charadieristic appearances of
the northern lights. ¢ There 1s,%says Mr. Singer,
¢ the same variety of colour anll intensity; the
same undulating motions, and occasional corus-
cations ; the strcams exhibit the same diversity of
character, divided at one moment into minute
ramifications, aid at another begning forth in
one body of light, er passing in distinct broad
flashies ; and when the rarefaction ig considerable,
various parts of the stream assume th:irpeculiar
glowing colour whichk occasionally appetrs in the
atmosphere, and is regarded by the uninformed
obgerver with astonishment and fegr.’

The affections of the magnetic needle and of ghe
clectrometer during the appedrance of the Aurora,
as well as other phenomena connected with it,
have been noticed by several eminent philosophers.
Halley and Dalton directed the attention of me-
teorologists to this subject ; and more lately, Cap-~
tain Franklin has added materigl information upon
it*; it has also been accurately deseribed by Cap-
tain Parry, who had ample opportunitics of obstry-
ing it in great pesfectiqn and splendour, during
-his perilous voyages in scarch of ea north-west
passage from the Atlantic to the Pacific.

Tn this countrwthe Aurora Borealis Las of late
years been rarely observel. On the 13th' of Oc-
‘tober, 1792, it appeared in gredh brilliancy ; and an
account of it, from which the following extract is
-taken, has been given by Mr. Dalton in his Me-
-teorological Essays. The reader may also con-
sult the description given by Mr. Kendall t of the
Aurora which appeareg here in October, 1829.

* Journey to the Shores of thesPolar Sea, Appendix.
+ Quarterly Journal.
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¢ Attention was firs#t excited,’ says Mr. Dalton,
¢ by a remarkably ‘red #ppearance of the clouds
to the south, which afforded sufficient light to
read by at eight o’clock in the evening, though
therz was no moon nor light in the north.
¢ From half past nile to ten there was a large,
luminous, horizontal arch to the southward,
and several faipt concentric arches northward.
It was particularly noticed, that all the arches
scemed exactly bisected by the plane of the mag-
netic mevidian. At half past ten o’clock, streamers
appeared very low in the south-cast, running to
and fro from_ west to east; they increased in
nymber, and began to approach the zenith, appa-
rently with an acccierated velocity; when, all on
a sudden, the whole hemisphere was covered with
them, and exhibited such an appearance as sur-
passes all description. The intensity of the light,
the prodigious number and volatility of the beams,
the grand intermixture of all the prismatic colours
in their utmost splendour, wariegating the glowing
catiopy with the most luxuriant and enchanting
scenery, afforded an awful, but, at the same time,
the most pleasing and sublime spectacle in nature.
Every one gazed with astonishment;-but the un-
common grandeut of the scene onl$; about
one minute; the varidey of colour ppeared,
and the beams los. their lateral moti##y, and were
converted into the flashing radiations.
¢ Notwithstanding the suddenness of the efful-
ce at the breaking out of the Aurora, there was
a remarkable regularity in the manner; apparently
a ball of fire ran along frpm east to west with a
velocity so great ay to be barely distinguishable
from one continued train, which kindled up the
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several rows of Beams, ong after anothery these
rows were situate befort eaeh eother with the
exactest order, so that the bases of each row
formed a circle crossing the magnetic meridian
at right angles: and the several circles rosowmne
above .motlmr, so that thosec near.the zemith
appeared more distant from cach other than those
near the horizon, a ,certain iudication that the
real distances of the rows were ncarly the same.’

This Aurora continued for several mtﬁ, there
were many incteors oy falling, stars, sech at the
same time, but they appeared to be below, and
unconnected with the Aurora. .

During Captain Parry’s perilous $oyage, und
taken with a view of discovering a north-west
passage from the Atlantic to the Pacific, he had
numerous opportunities of witnessing the Aurora
in uncommon magnificence.  The following is an
abstract of his description of its appearance on the
l4th of December, 1621%,

“ The Aurora began, to show'itself as soon as
it was dark. Innumcrable strcams of white #nd
yellowish light occugicd the heavens to the south-
ward of thc zenith, being much brighter in the
south-cast, from “lwnce it often seemed to
emanate. Some ¢f these streams were in right
lines, others crooked, and veaving in all sorts of
irregular figures, moving wih inconceivable
mpuhty in various directions. Among them
might frequently be observed shorter bundles of
ra)s, which, moving even with greater velocity
than the rest, have m,qulrcd the name of ** merry

* Sccond Voyage for the D‘lscovery of a North-West
Passage, p. 142,
u
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dancers.” In a shor} time the Aurora extended
itselt over the zenith akout half way down to the
northern horizon, but no further, as if there was
something in that quarter of the heavens which it
didenot dare to approach. About this time, how-
ever, some long stmgamers shot up from the
horizon iu the north-west, which soon disappeared.
While the light extended oer part of the northern
heavens, there were a number of rays assuming a
circular preradiated form ncar the zenith, and
appeari¥ig to have, a common centre near that
point, from which they all diverged. The light of
which these were composed appeared to have
inconceivably‘rapid motion in itsclf, though the
form it assumed, and the station it occupied in the
heavens, underwent little or no change for perhaps
a minute or more. This effect is a common one
with the Aurora, and puts one in mind, as far as
its motion alone is concerned, of a person holding
a long ribbon by one end, and giving it an undu-
latory motion through its whole length, though its
gemeral position remains the same. When the
strcams or bands werc crooked, the convolutions
took place, indifferently in all direetions. The
Aurora did not continue long to thgaporth of the
zenith, but remained as high as-¥at point for
more than an hour; after which, on the moon
rising, it became more and more faint, and at half
past eleven was no longer visible.

¢ The colour of the light was most frequently
yellowish-white, sometimes greenish, and once
or twice a lilac tinge was remarked, when several
strata appeared as.it weye to overlay each other
by very rapidly meeting, in which case the light
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was always incrfased in jntensity. The electro-
meter was tried several imes,saral two compasses
exposed upon the ice during the continuance of
this Aurora, but neither was perceptibly aflected
by it. We listened attentively for any noise which
might accompany it, but #ould hear none, but it
was t00 cold to keep the cars uncoyered very loug
at one time. The ,intensity of ®the light was
something greater than that of thc moon in her
quarters, Of its dimming the stafsethgre cannot
be a doubt. We remarked ig to be in tNis respect
like drawing a gauze veil over the heavens in that
part, the veil being most thick when two of -the
luminous sheets met and overlapbed.  The phe-
nomenon had all the appearince of being full as
near as many of the clouds commonly scen, but
there were none of the latter to compare them with
at the time.

Our object in the above extracts has Been to
give an account of thosc appearances of _the
Aurora which seem o connect them with elec-
tricity, aud though Captain Parry neither eob-
served the clectrometer nor the magnetic needle
to be influenced, Captdin  Franklip* remarked
them both to be aflected. Nairne, Cavitlo, and
others, have descgibed a peculiar hissing noisc as
one of the accompanimeis of the Aurera: and
Dr. Ilalley, in his description of a remarhable
Aurorat, ascribes its production to the same in-
fluence as that which produces magnetisin; and
Beccaria conceived the phenomena of magnetism
to be dependent upop a cix;culation of the clectrie

* Journey to the Shorewof the Phfar Sea, Appendix.

+ Phil. Tran,, vgl. xxx.
v 2
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fluid from north to south, originatipg from scveral
sources in the northern hémisphere,

All meteors were at onc time considered as
derived from electricity ; but the showers of stones
by which many of them are accompanied shew
that they must often be ascribed to other sources.
There can, however, be little doubt that what are
termed falling ‘stars are of electric origin. These
vary a little in size and colour, moving in various
directionspbut chiefly appearing to shoot towards
the earth# They are,most cammon in those states
of the atmosphere favourable to electric accumu-
latfon, cspecially on clear frosty nights, or when
the sky is cloudicss and the wind easterly; in the
clear intervals of a showery evening, and on sum-
mer nights, when well defined clouds are floating
in a serone atmosphere. They are also common
during the prevalence of the Northern Lights,
appearing then to be lower than the Aurora; and
from their comparative brilliancy, probably mov-
ing through a more dense medium.

The appearance of a shooting star may be
accurately imitated by discharging a Leyden jar
through an imperfectly exhausted glass tube, or
air-pumgp receiver. The tube should be capped
with brasssat both ends, and abeut three feet long
and an inch in diameter, if too perfectly exhausted
the spark passes it a divided and pale stream of
light, but on admitting a little more air it traverses
in the form of a bright flash or spark.

It appears from the best conducted experiments
on atmospheric electricity, that in the usual state
of the atmosphere” it‘is generally positive, but
flist it often changgs to negative upon the first
)‘w
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appearance of fain, snow, %r hail.  The approach
of . clouds often influcnces the electricity of the
conductor so as to produce alfernations of the
two -electricitics. There appears, as might be
expected, to be a greater accumnulation of electticity
in the atmosphere during *the presence of regular
thunder-clouds, than at any other pariod ; a driving
fog accompanied by®small raing a fall of snow,
aad a smart shower on a hot day, are also, attended
by Yowerful signs of electric exciialpn. Tlot
weather succeeding wdt, or wet weather following
a scries of dry days, are also favourable circym-
stances for the generation of atmospheric clec-
tricity., The atmosphere is lgast clectrical durng
the prevalence of north-easterly winds, and in that
statc which produces a_disagreeable sensation of
dryness and of cold without a corresponding de-
pression of the thermometer. It has alsp been
remarked that the usual positive electricity is
weakest during the night; that it increases with
the sun-rise; decreases toward the middle of the
day, and again incrcascs as the sun declines; it
then again diminishes amd remains fecble during
the night: it would therefore seem ®probaple that
the electricity of the atmosphere is mfluenced by
the same causes that modjfy the distribytion of
moisture.

§ 15.=0f dnimal Electricity,

There are some remarkable instances of the
generation of electlicity #n Lying animals, to
whom the power sceméto, be given principally as
a mcans of defence. Of these animals, the Z'oz-
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pedo or Llectm rqy, frqs noticed by the ancient
writers on natm;al istory : it inhabits the Medi-
terranean and North Seas; its weight, when full
grown, is about eighteen or twenty pounds. When
touched, it communicates a benumbing sensation,
and by repeated contacls gives a series of electric
shocks. ‘

The Gymnolus, or Electric ecl, was first de-
scribed in 1677, by M. Richer, who was com-
missioned’ by the French Academy to make some

athematical observations” in Cayemme. It is
a gative of the warmer regions of Africa and
America, inhabiting the larger rivers ; especially
these of Surinam.  In Africa it chiefly occurs in
the branches of the Scnegal. These animals have
been anatomically described by Mr. Hunter in the
63rd and 65th volumes of the Philosophical Trans-
actiong. Their clectric organs consist of alterna-
tions~f different substances, and are most abun-
datitly supplied by nerves ; their too frequent use
is gucceeded by dcbility ahd death. That these
organs are not otherwise essential to the animals,
is shown by their thriving afier they have been
removel.

The Silurus electricus is less perfec known:
it has béen described, by Brdusso der the
name of Trembleur*.

Humboldt, in hls Tableau Physzquc des Régions
Equatonales, &c., has given some curious details
respecting the electrical eel which inhabits the
riversmhd lakes of the low provinces of Venezucla
and{m Caraccas. Iteis met ‘with most frequently

Pt
Q"-nwton'e de I' Acadéraie Roynle des Sciences, 1782,
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in the stagnanteponds dippersed at intervals over
the plains which extend from the®Oronoco to the
Apure. The old road near Urutiéa has even been
abandoned on account of the danger experienced
in crossing a ford, where the mules were, fronf the
effect of the shocks, ofien paralyzed and drowned.
Even the angler sometimes recsives a stroke
conveyed along his réd and line.. Thgse eels are
about six feet in length, and occasion a highly
painful sensation, more resembling theNeffect of
a blow on the head tifan the 8hock of a commo

electric discharge; a peculiarity of efiect, refgr-
able perhaps to a great quantity ef electricity of
small intensity ®. ’ .

* The following particulars given by Humboldt (Edinb.
Review, vol. xvi. p. 250) are too curious to be here omitted.
¢ The Indians entertain such a dread of the Gymnotus,
and show so much reluctauce to approach it when a.){ve and
active, that ITumboldt found extreme difficulty in prdcuring
a few to serve as the subjects of experiment. For this ex-
press purpose he stopped some days®on his journey acPoss
the Lianos to the river Apute, at the small town of Culaboze,
in the neighbourhood of which he was informed that They
were very numnerous. gBut, though his landlord took the
utmost pains to atii’y his wish, he was cgustantly unsue-
cessful. At last he determined to proceed9 himself to the
spot, and was conducted to a piece of shallow water, stagnant
and muddy, but of the heat of seventy-nine dfgrees, sur-
rounded by a rich vegetation oY the great Indiah fig-trees
and odoriferous sensitive plants. Here he soon witnessed
a spectacle of the most novel and extraordinary kind:
about thirty horses and mules were quickly gollected from
the adjacent savannahs where they run half wild. These
the Indians drove into the marsh. The gymnoti, ronsed
from their slumbers by $he noise and tumult, mount near
the surface, and swimming lik® so meny livid water ser-
gl.'nts, briskly pursue the iftruders, and gliding under their
ellies, discharge through them the most violent and re-
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Those who “are_foxd,_ of supposing that elce-
tricity is an ageht in certain processes of vitality,
have referred, in favour of their hypothesis, to
certain other cases of its production by arnmnge-
merits of different” organic substances. If the
hind legs of a frog be placed upon a glass plate,
and the crural, nerve dissected out of one made to
communicate with the otler, it will be found,
upon makingeoccasional contacts with the remain-
ing cruryi nerve, that the limbs of the animal will

Bbe agitated at each contict. Hence some phy-
siplogists suppose that clectricily may be con-
cg:‘ned in somg of the most recondite phenomena
ofslife, and experiments have been made tending
to confer some probability on this idea.

¢ The principle once established, that there
may cxist in the animal economy a power of de-
termining the development of clectric excitement
capabjic of being transmitted along the nerves ; and
it «being ascertained by numcrous and decisive
cxpcrimcnts, that the tiansmission of voltaic
electricity along the ncrves of even a dead animal

peated shocks. The horses; convufsed and terrified, their

mane erect, and their eyes staring with pain_aud anguish,
made unavailing struggles to escape. In than five
minules o of them sunk under-the wa i were

drowned. Victory scemed: to declare for the“eéctric eels.
But their activity nov. began to relux, Fatigued by such
expense of nervous energy, they shot their selectric dis-
charges with less frequency and effect. e surviving
horses gradually recovered from the shocks, and became
more composgd and vigorous. In a quarter of an hour
the gymnoti finally retired from the contest, and in such a
state of langpor and corfiplete exhaustion, that.they were
easily dr on shore by tae help of small harpoons
fasténed td¥ords,’
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is sufficient to produce the most violent muscular
action, it became an casy stcp {0 refer the origin
of muscular motion in the living frame to a similar
cause, and to look to the brain, a wonderfully con-
stituted organ, for which no mode of actior pos-
sessing the least plausibility had ever been devised,
as the source of the required electrical power.’

Mr. Herschel¥®, flom whom.we Lave quoted
the last paragraph, extends his idcas upon this
subject in the following note. ¢ T{ thc Nrain be an
electric pile, constanfly in abtion, it may be cod®
ccived to discharge itsclf atregular intervals, when
the tension of the electricity devgloped reaches a
certain point, along the nerveg which communieate
with the heart, and thus to exXcite the pulsations of
that organ.  This idea is forcibly suggested by
a view of that elegant apparatus, the di¥ pile of
Deluct, in which the successive accumulggions of
eloctricity are carricd ofl by a suspended ball,
which is kept, by the dischasges, in a state of
regular pulsation for* any length of time.  'We
have witnessed the action of such a pile main-
tained in this way for whole years, in the study
of the above-named cminent philesopher. The
same idea of the cause of the pulsation of the
heart appears t® have qeeurred to .DF, Arnott,
and is mentioncd in his usefu] and excellent book
oh Physics, to which, however, we are not in-
debted for the suggestion, it having occurred to us,
independently, many years ago.’

* Preliminary Discolrse onethe Study of [Natural Phi-
losophy, p. 342. -
+ Sce puge 215,
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§ 16.—Of the Connexion of'Eleclrictty wilh Magnetism.
< .

Certain analogics between the phenomena of
electricity and those of magnetism are so ob-
vious, as long to have led to the supposition of
some intimate .nutual relation existing between
those powers of. matter. The subject has lately
received inipoxtant elucidation from the rescarches
of Oersted. 4nd others, and upon these has been
founded a new and Lighly interesting department
of sciencg. The chicf investigations connected
with it belong, rather to physical than chemical
philosophy ; but as they are susceptible of some
applications to the inquiries of the chemist, it be-
comes necessary here 10 give such statement of
them as'may render them intclligible. The reader
who may be desirous of historical details and
referepces to authors, may advantageously con-
sulte Mr. Faraday’s¢ Historical Sketch of Llectro-
maﬁnetism,’ Ann. of Phil, N. 8., vol. ii.

“ metallic wire which is transmitting an clectric
current, the connecting wire, fo- instance, between
the extremes of the voltaic apparatus, if brought
towards a magnetic necdle, has the power of at-
;;acting and repelling it in obedicnce to certain

WS,

If a magnetic necdle be left to take jts natural
direction, and then a straight portion of the con-
necting wire be brought above and parallel to it,
that end of the needle next the negative pole of
the battery meves towards “he west, and that
whether the wire be op the one or other side
of #iigreedle, so that it be above and parallel to
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it. If the connecting wiye be sunk on either
side of the needle, so as t0 confe ito the horizon-
tal plane in which the needle is #llowed to move,
there is no motion of the needle in that plane, but
the needle attempts to move in a vertical circleand
but for the imperfect suspension, and the earth’s
magnetism, would.do so. When the wire is on
the east of the needles, the pole next the negative
end of the battery is elevated, and,when on the
west of the needle it is depressed. Ifth;tonnect-
ing wire be now sumk below the level of the
needle, similar attractions and repulsigns take
place, but in opposite directions to, those follow&d
when it is above. The pole of the ncedle oppo-
site the ncgative end of the’battcry now moves
eastwards, whatever the position of the wire, so
that it be restricted s above. .

The nature of the connecting wire, provided it
be metallic, does not materially interfere in \these
phenomena; a tube filled with ygercury is effectual.
It continues, also, though the conductor be inter-
rupted by watcr, unless the interruption b& of
great extent.  Thesmagngtic influence of the wire
also extends through all sorts of substances, as is
the case with common magnetism. It dbes not
act on needles of brass, glass, or gum lac.

If an unmagnetised sleel needle be placed
parallel to, and in contact, or ?maﬂy 80, with the
connecting wire, it acquires opposite magnctisms
upon its two sides ; but if it be placed at right
angles to the connecting wire, it hecomes polar,
and is a permancrt magnet. Al these facts
may be observed by jhe electricity of the
common machine, but it is inconveniently em-
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ployed, in consequencg of the deficiency in quan-
tity of electricity.t Thbse forms of the voltaic
apparatus whick gencrate quantity, arc such as
produce the most decided electromagnetic effects;—
they appear to be independent of tension, and,
accordingly, a single pair of very large plates is
more effectual than a numerous succession of
small ones. Batteries constructed for the pur-
posc, of ohe or morc pairs of large plates, have
sometimys been termed magneto-motors.

That attraction and repulsion may be commnu-
nicated ﬁ metallic wires by the clectric current
atone, iMiependent of a magnet, is shewn by
placing two wires parallel to each other, and so
suspended as to move freely when transmitting
clectricity of the battery. If the cwrrent pass
along koth wires in the same direction they attract,
if in wopposite directions they repel each other.
If, alyo, the one wire be fixed and the other move-
able, the currents being sent in opposite dircctions,
then the moveable wire will turn round until they
ar¢«in the same direction. Mr. Faraday observes,
¢ that the contrast between thesc atigactions and
repulsions, and those usually called electrical, ave
very striking.” These take place only when the
circuit is completed ; those, only when it is incom-
plete. The magnetic’ attractions take place be-
tween the similar ends of the wires, and the repul-
sions between the dissimilar ends, but the electrical
attractions take place betwecn dissimilar ends, and
the repulsions between similar cnds. These take
place in vacug, but those do not. When the mag-
netic attraction brings the two wires together, they
remai:.sjn contact ; but when electrical ‘attraction
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Lrings two bodigs togethey, they separate after
the contact. * -

The voltaic pile itself acts upon a magnetic
needle in the same manner as the connecting
wire. When placed near a pile or troughe in
action, having its poles connected by a wire, it
immediately moves, becoming obedient to the bat-
tery in the same manner as to the connecting
wire, so that the needle hecomes gp instrument
competent to indicate that state of an®acyive vol-
taic pile, and of the wine connecting it, which is
supposed to be occasioned by currents lectri-
city. The ncedle thus applied is sopetiris called
a galvanometer. .

It has alrcady been stated, ¢hat the connecting
wirc confers magnetism upon steel; that it is
itsclf cverywhere a magnet, is shewn by present-
ing iron-filings to any part of it, which arg in-
stantly attracted by and cluster round it, bu fall
off almost the instant that the cqnnexion with the
battery is broken, »

Having ascertained that the action of the cof-
necting wire on the direition of the magnet is
owing to a tendency which they have to revolve
round cach other, Mr. Faraday contrived an®appa-
ratus by means of which either pole of a magnet
was made to revolve roun® a wire as a fixed

oint. The description of this tstrument, which

as been the parent of a great variety of analo-
gous revolving apparatus, is given at length in
the 12th volume of the Quarterly Journal.

The phenomena which have beemyadverted to,
may be explained by the hypothesis of Dr. Wol-

. laston; upon the supposition qf the existence of
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an electro-magnetic current oy, vortex passing
round the axis of the wite, and apparently at right
angles to the clectric current. The direction of
the magnetic current, as dependent upon that of
electricity, is demonstrated by the affections of the
approximated pole of the magnet, and by its rota-
tation, where it has freedom of motion; and the
following contrivance of Dr. Roget is useful in
assisting the memory respecting the details of

these afffctions.
A

TR

: B

AB (see the wood-cut) is a glip of card, on each
side of which a line &b is drawn along the middle
of its length, the-end @ being marked +, the end
b—, and the centre ¢, being crossed by an arrow
at right angles to it directed as in the figure,
Through the centre and at right angles to the
platte;pf the slip of card, there is made to pass a
slender stem of wodd, 7; the two ends of which
are #xed, in planeg parallel to the slip'of card as,
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the circular discg'of card, marked respectively with
the letters N and s, and®*witheawows parallel to,
but pointing in a contrary direction to the one at
¢. The same marks must be put on the reverse
of each of the three pieces of card, so that when
held in different situations they may be scen with-
out turning the instrument.

If the line @b be sypposed to reffesent the gal-
vanic wire (the direction of the ‘currént of elec-
tricity being denoted by the signs’-4 ytd —, at
the ends of the line), the arraw at the centre will
point out the direction in which it tendg to move,
when under the influence of the north®pole of a
magnet situated at N; or of a soth pole situated
on the other side at s: and, w’ce versd, the arrows
at N and s will indicate the directions in which the
north and south pole, respectively, tends tosrevolve
round the galvanised wire in its vicinity, with rela-
tion to the dircction of the current of eledtricity
that is passing through it. o

It must be observed that the poles v and s are
herc not considered ag in connexion with each
other, or as forming parts of one magnet: their
operations are cxhibited *singly, ang quite inde-
pendently of each other. The advantagesof this
little instrument gonsists in its being capable of
being held in any situation,mnd thus easily-adapted
to the circumstances of any faét or experinient of
which we may wish to examine the theory.

If the conducting wire be twisted into a helix or
spiral form, by rolling it round a selid rod or a
glass tube, it will, jn some respects, represent
a polar magnet, and g pidee of steel introduced
into the céntral cavity of *sugh a spiral, speedily



304 ELECTRC-MAGNETISM.

becomes powerfully magnetic. FO}' these purposes,
wire, covered with silk, #s conveniently used, as it
may be closely ceiled without allowing the passage
of electricity from surface to surface, and it will be
found that if such a coil have freedom of motion,
if, for instance, it be floating about in a basin of
water, it will be obedient to the poles of the mag-
net, mutually fttracted and gepelled by them, and
forms what may be called a voltaic magnet.
Ampére; grhose theory of clectro-magnetisim de-
serves to be attentively stydied *, terms such an
arrangement an electrodynamic cylinder.

If a magnetic needle be surrounded by several
convolutions of wire, covered with silk to prevent
electric communication between its different parts,
a dcflection from its meridian will be occasioned
by thes transmission of the minutest quantity of
electrigity through the coil.  In this way the elec-
tricity/ produced by the contact of metals, by their
imjueksion in acid and other solutions, and by mere
changes of their ‘temperatyre, may be rendercd
evident. M. Schweigger, who thus first applied
the magnetic needle to such detection of quan-
titative electyicity, has térmed the above arrange-
ment an Electro-Magnetic Multiplier.~~Ann. of
Phil., N. 8., vol. v., p. 436.

. « . a ET
* Sce an able artigle upon this subjecﬁut'he Quarterly
Revicw, xxxv, 237. ¥
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