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PREFACE.

‘F'o supply the means of “acquiring a competent knowledge
of the methods and results of the physical sciences, without
iny unusual acquaintance with mathematics, has been the
purpose of the Author in the composition of the series of
treatises of which the present volumes form a part. The
riethods of demonstration and illustration have been adopted
with this view. It is, however, neither possible nor de-
sirable invariably to exclude the use of mathematical
symbols.

Some of these, expressing mere arithinetical operatious
effected upon numbers, are easily understood by all persons
to whom such a work as the present is addressed ; and, as
they express in many cases the relations of quantitics and
the laws which govern them with greater brevity and clear-
ness than ordinary language, to exclude the use of them
altogether would be to deprive the reader of one of the most
powerfi u! aids to the comprehension of the laws of nature.

Nevertheless such symbols are used sparingly, and never
without ample explanation of their signification. The prin.
ciples of the sciences are in the main developed and demon-
strated in ordinary and popular language. The series has
been compiled with the view of affording that amount of
information on the several suljects comprised in it which is
demnanded by the student in law and in medicine, by the
engineer and artisan, by the superior classes in schools, and
by those who having already entered on the active business
of life are still desirous to sustain and extend their know-
ledge of the gcnerzil truths of physics and of those laws by
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iv . PREFACE.

which the order and stability of the material world are
maintained. '

It i3 well known that many students who enter the Uni-
versities pass through them without acquiring even so much
as a superficial knowledge of geometry and algebra. To all
such persons mathematical treatises on physics and astro-
nomy must be sealed books. They may, however, by thest
volumes acquire with great facility a considerable acquaint
ance with these sciences ; and although such knowledge b
not in all cases based on rigorous mathematical demonstr
tion, it is founded on reasoning sufficiently satxsfactory al
conclusive.

Great pains have been taken to render the present 8Eaan
complete in all respects, and as nearly co-extensive with th
actual state of the sciences as the objects to which it is |
rected admit. Each of the classes of readers for whose mor
especial use it is designed will doubtless. find in it somethin;
which, for their purpose, is superfiuous ; but it must be con
sidered that the parts which are tlrus superfluous for one a1
precisely those which are most essential for another. It i
hoped that no student will find that a.nythmg important fox
his objects has been omitted.

The rapid succession of discoveries by which -astronomy
has of late years been extended has rendered elementary
works in that science previously published to a certain ex-
tent obsolete, while the in¢reasing taste for its cultivation
and the multiplication of private observatories and amateur
observers, have created a demand for treatises upon it which,
without being less elementary in their style, shall comprise a

. greater amount of that vast mass of knowledge which has
hitherto been shut up in the transactions of learned societies
and other forms of publication equally inaccessible to the
1student and aspirant.

A large space has therefore been assigned to this science
in the .present series.  The results of the researches of
original inquirers and of the labour of observers have been
carefully reviewed and large selections made from them are
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PREFACE, v

now for the first time presented to the student in an elemen-
dary form. TIn cases where the subject required for its
better elucidation graphic illustrations, and where such
representations could be obtained from origihal and au-
thentic sources, they have been unsparingly sn_xpp]iéd.

As examples of this, we may refer among the planetary

“objects to the beautiful delineations of the Moon and Mars

by MM. Beer and Miidler, those of Jupiter by MM. Midler
md Herschel, and those of Saturn by MM. Dawes and

jchmidt; among cometary objects to the magnificent draw-
o1gs. of Encké’s comet by Struve, and those of Halley’s
gomet by MM. Struve, Maclear, and Smith; and among
ptellar objects to the splendid selection of stellar glusters
tand nebulxe which are reproduced from the originals of the
iEarl of Rosse and Sir John Herschel. In fine, among the
vllustrations now produced for the first time in an elemen-
sary work, the remarkable drawings of solar spots by
sPastorff and Capocei ought not to be passed without notice.
1 To have entered into the details of the business of the
observatory, beyond those explanations which are necessary
-and sufficient to give the reader a general notion of the pro-

. cesses by which the principal astronomical data are obtained,

would not have been compatible with the popular character
and limited dimensions of such a treatise as the present.

It has, nevertheless, been thought advisable to append to
this work a short notice of the most remarkable instruments
of observation, accompanied by well executed drawings of
them, the originals for some of which have been either sup-
plied by or made under the superintendence of the eminent
astronomers under whose direction the instruments are
placed.

In the composition of the work it Lias been ihe good for-
turie of the Author to detect several errors of considerable
importance which have been hitherto almost universally
disseminated in elementary books, &ud under the authority
of the most eminent names. Several examples of this will

be noticed by the reader, among which we may refer more
*



vi PREFACE.

particularly to the Uranography of Saturn, a subject which
bas been hitherto completely misapprehended, phenomena
being described as manifested on that planet which are
demonstrably impossible.* The correction of otlicr errors
less striking, though of great scientific importance, will, be
found in the chapter on Perturbations, and in other parts of
the treatise.

* See a Memoir, by the Author, on the Uranography of Saturn, in
Vol. XXIL of the Memoirs of the Royal Astronomical Socicty, Londop,
Sept. 1853.
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NOTICLE.

In these volumes of the Astronomy the references to the
numbered p;zragraphs of the “ Handbook of Natural Philo-
sophy” are made to the first edition of that work. A second
edition of the Natural Philosophy having been published
in _four volumes, the following tdble has been drawn up to
shew the corresponding paragraphs in both editions.

In the second edition the volume of MECHANICS is referred
to by the letter M. ; that of Hyprosrarics, PNEUNATICS, AND
Hear, by H.; that of Oprics, by O.; ard that of BLec-
TRICITY, MAGNETISM, AND AcousTics, by E.

Eg;:istfm Second Edition. E(I{igz; Second Edition,
38 M....... 38 1028 0....... 143
46 M....... 46 1034 O....... 149
144 | M....... 141 1059 O....... 185
170 | M....... 166 1100 0....... 329
178. | M....... 169 1116’ 0......0'349
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220 | M...... 217 1129 O...... 362
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313 | M....... 313 1168 O....... 423
314 | M..... 314 1170 O....... 425
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CHAPTER I

. TERRESTRIAL HEAT.

2160. Insufficiency of thermal observations.— To ascertain the
laws which regulate the distribution of heat and the periodical
vicissitudes of temperature on and below the surface of the
earth and in the superior strata of the atmosphere, is a problem
of which the complete solution would require a collection of
exact thermal observations, made not only in every part of the |
" earth, but for a long series of years, not to say ages. Experi-
mental research has not yet supplied such data. Observations
" on temperature made at periods even so recent as those within
_ which physical science has been-cultivated with more or less
ardour and success, were in general scattered and unconnected,
and marked neither by system nor precision. It was only
since the commencement of the present century that observa-
tions on terrestrial heat were accumulated in sufficient quantity,
and directed with the skill and precision indispensable to
render them the source from which, the laws of temperature
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could be evolved. The experiments and observations of Hum-
boldt, and the profound-theoretical researches of Fourier and
Laplace, supplied at once the nucleus of our present knowledge
in this department of physics, and gave an impulse to inquiry,
by which others have been carried forward and gmded so‘that
if we do not yet possess all the data which sufficiently extended
and long-continued "observation and experiment might afford,
enough has at least been done to establish with certainty some
general laws which prevail in_ the physics of heat, and to
shadow forth others which future inquirers will confirm or
modify. .

2161. ZLocal yariations qf temperature--—Tbé superficial
temperature of the earth varies with the latitnde, gradually de-
creasing in proceeding from the equator towards the poles.

It also varies with the elevation of the point of observation,
decreasmg in Proceedmg to' heights above the level of the sea,
and varymv according to certain conditions below that level,
but in all cases increasing gradually for all depths below a cer-
tain stratum, at which the temperature is invariable.

At a given latitude and a given elevation-the temiperature
varies with the character of the gurface, according as the place
of observation. is on sea or land; and if on land, according ‘to
the nature, productions, or condmop of thé gfoil, and the acci-
dents of the surface, such as its inclinatiomor aspect.

2162. Diurnal thermometric pertod.— At a given place the
temperature undergoes $wo "principal penodxc variations, diur-
nal and annual, *

The temperature falling -to a mmlmum at & certain moment
near sunrise, augments uutll 1t attams e maximum, ata certain
moment after the sun has passed the meridian. The tempera-
ture then gradually falls until it returns o _the minimum in
the morning, .

This diurnal thermpmetric period varies with the latitude,
the elevation of the glace, ghe character,of the surface, and
with a great variety’ og :local. conditions, which, ot only affect
the hours of the maximum, minimum, and mean temperatures,
but also the difference between the maximum and mmunum, or
the extent of the variation.

2163, Annual thermometric period.— The annual thermo-
metric period also varieg with the latitude, and with all the

!other conditions that affect the thermal phenomena.
b
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In order to be enabled to evolve the general thermal laws
from phenomena so complicated and shifting, it is above all
things necessary to define and ascertain those mean conditions
or states, round whicl the thermometric oscillations take place.

2164. The mean diurnal temperature.—This is a temperature
s0 taken between the extremes, that all those. temperatures
which are superior to it shall exceed it by'exactly as much a8
those which are inferior to it shall fall short of it.

To render this more clear, let us suppose that thetemperature -
is observed every second in twenty-four hours. This would
give 86,400 observed temperatures: Suppose, that of these’
43,000 are above, und 43,400 ‘below the mean .temperature.
If, then, the mean temperature be subtractéd from each of those
above it, and if each-of those below it be subtracted from it, the
Sum of the remaindess-jn the one cage must be e,qual to the sum
of the remainders in the ‘other.

This is equivalext to stating that the mean temperature, mul-
tiplied by 86,400, will give ;he same result as would be obtained
by adding together a)l the 86,400 observed tenyeratmes.

But the thezmomctuc column is not sulijést.t6 such rapid
changes as to show any observable differericg of ¢levation from
second to second, nor*even from minute to minite. If i 1t= height
be observed every'houx;, the, mean diurnal temperature will be
obtained by adding, together  the twelve horary temperatures,
and dividing theu gum by 12. But even Lthis is not neces-
sary, and the same-result is more easily obtafﬁed either by
taking the sum of the temperatures at sunrise,at 2 p. 3., and at
sunset, and dividing the result by 3, or mote simply Stl”. by
adding toghther the 1 maximum and minimum temperatures, and
taking half their sumn. \Whicheyer of these met,hods’ be a(lopted
-the same result very near 1y will be obtained.

2165, The mean tempm ature of the month. — This is found
by dividing the sun’ ofthe mean diurnal temperatures by the
number of days. N

2166, Thelamean temperaturef, the year.— This may be
{)ound by dividing the sum "of “the mean monthly tempemtuxes

y 12. :

2167. Month of mean temperatwre.— Bt is. feund that in
each climate there is a certain month of "whiek. tlw mean tem-
perature is identical wnth the mean~ teriperature o Fale year, or

t Yery nearly so.  This dircymstance, wlren the monﬁx is known,
B2
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supplies an easy method of observing the mean temperature of
the year.

In our climate this month is October. .

2168. The temperature of the place. — The mean annual
temperature being observed in a given place for a series of
years, the comparison of these means, one with another, will
show whether the mean annual temperature is subject to varia-
tion, and, if so, whether the variation is periodic or progressive,
All observations hitherto made and recorded tend to support the
conclusion, that the variations of the mean annual temperature
are, like all other cosmical phenomena, periodic, and that the
oscillations are made within definite limits and definite inter-
vals. There exists, therefore, another mean temperature
superior to the annual, and which is called the temperature of
the place. 'This is obtained by adding together the mean an-
nual temperatures of all the years which constitute the ther-
mometric period, and dividing the sum thus obtained by the
number of years.

But even though the period of the variation of the mean
.annual temperature be not known, a near approximation to the
mean temperature of the place may be obtained by adding toge-
ther any attainable number of mean annual temperatures and
dividing their sum by their number. The probable accuracy of
the result will be greater, the less the difference between the
temperatures computed.

Thus it was found by a comparison of thirty mean annual
temperatures at Paris, that the mean was 5144, and that the
difference between the greatest and least of the mean annual
temperatures was only 5°4. It may thevefore be assumed that
51°44 does not diﬂ'er-'jby so much as two-tenths of a degree
from the true mean tefnpenature of that place.

Observation, however, has been hitherto so limited, both as
to extent and duration, that this thermal character has been
determined for a very limited number of places. Indications,
nevertheless, have been obtained sufficiently clear and satisfac-
tory to enable Humboldt to arrive at some general conclusions,
which we shall now briefly state.

2169. Isothermal lines.—~In proceeding successively along
the same meridian from the equator towards the pole, the mean
temperature decreases’ generally, but not regularly nor uni-
formly. At some points it even happens that the meany,
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Ytemperature augments, instead of decreasing. These irregu-
larities are caused partly by the varying character of the
‘surface, over which the meridian passes, and partly by the
atmospheric effecets produced by adjacent regions, and a multi-
tude of other causes, local and accidental. As these causes of
irregularity in the rate of decrease of the mean temperature,
proceeding from the equator to the poles, are different upon
different meridians, it is evident that the points of the
meridians which surround the globe, at which the mean
temperatures are equal, do not lie upon a parallel of latitude,
as they would if the causes which affect the distribution -of
heat were free from all such irregulavities and accidental
influences. '

If, then, a series of points be taken upon all the meridians
surrounding the globe, having the same mean temperature, the
line upon which such points are placed is called an ésothermal
line.

Each isothermal line is therefore characterized by the uni-
form mean temperature, which prevails upon every part of it.

2170. Isothermal zones.—The space included between two
isothermal lines of given tempcratures is called an isothermal
zone.

The northern hemisphere has been distributed in relation
to "its thermal condition into six zones, limited by the six
isothermal lines, characterized by the mean temperatures, 86°,
74°% 68°, 59°, 50°, 41° and 32°

2171. The first ther;nal or torrid zone.—This zone is a
space surrounding the globe, included between the equator and
the isothermal ltne, whose temperature is 74°.

The mean temper ature of the terrestrial equator is subject to
very little variation, and it may blnésefore be considered as
‘very nearly an isothermal line. Its wrean temperature varies
between the narrow limits of 813 and 821°.

2172. Thermal equator.—If, upon each meridian, the point
of greatest mean temperature be taken, the series of such
points will follow a certain course round the globe, which has
been designated as the thermal equator. This line departs
from the terrestrial equator, to the extent of ten or twelve
degrees on the north and about eight degrees on the south side,
following a sinuous and irregular course, intersecting the ter-
restrial equator at about 100° and 160° east longitude, —1It

B3
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attains its greatest distances north at Jamaica, and at a point
in Central Africa, having a latitude of 15° and east longitude
10° or 12°. The greatest mean temperature of the thermal
equator is 86°

The isothermal line having the temperature of 74° is not
very sinuous in its course, and does not much depart from the
tropics.

2178. The second thermal zone. — This zone, which is in-
cluded between the isothermal parallels characterized by the
mean temperatures of 74° and 68° is much more sinuous, and in-
cludes very various latitudes. At the points where it intersects
the meridians of Europe, it is convex towards the north, and
attains its greatest latitude in Algeria.

2174. The third thermal zome. — This zone, included be-
tween the isothermal parallels which have the mean tempera-
tures of 68° and 59°% passes over the coasts of France upon the
Mediterranean, about the Iatitude 43° and from thence bends
southwards, both east and west, on the east towards Nangasaki
and the coasts of Japan, and on the west to Natchez on the
Mississippi. !

2175. T'he fourth thermal zone. — This zone is included
between the parallels of mean temperatures 59° and 50°. 1t is
convex to the north in Europe, including the chief part of
¥rance, and thence falls to the south on both sides, including
Pekin on the east, and Philadelphia, New York, and Cincinnati
on the west. It is evident from this arrangement of the fourth
thermal zone, that the climate of Europe is warmer than that
of those parts of the castern and western continents which have
the same latitude. :

2176. The fifth and sizth thermal zones. — The sixth zone,
included between the mean temperatures of 50° and 41°, is more
sinuous, and includes latitudes more various even than the
preceding. The thermometric observations, however, which
have been hitherto made in these reyions, are too limited to
supply ground for any general inferences respecting it.

2177. The polar regions. — The circle whose area is com-
prised within the isothermal parallel whose mean temperature
is 82°, is still less known. Nevertheless, the results of the ob-
gervations made by arctic voyagers withirf the last twenty years,
afford ground for inferring that the mean temperature of the
pole itself must be somewhere from 13°40 35° below the zero
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of Fahrenheit, or 45° to 67° below the temperature of melting
ice.

2178. Climate varies on the same isothermal line. ——When it
is considered how different are the vegetable productions of
places situate upon the same isothermal line, it will be evident
that other thermal conditions besides the mean temperature
must be ascertained before the climate of a place can be known.
Thus London, New York, and Peckin are nearly on the same
isothermal line, yet their climates: and vegetable productions
are extremely different.

2179. Constant, variable, and extreme climates. — One of
the circumstances which produce the most marked difference
in the climates of places having the same mean temperature is
the difference between the extreme temperatures. In this
respect climates are classed as constant, variable, and extreme.

Constant climates are those in which the maximum and
mivimum montbly temperatures differ but little; variable
climates are those in which the difference between these ex-
tremes is more considerable, and extreme climates are those
in which this difference is very great.

Constant climates are sometimes called insular, because the
effect of the ocean in equalising the temperature of the air is
such as to give this character to the climates of islands.

2180. Ezamples of the classification of climates. — The fol-
lowing examples will illustrate this classification of climates : —

. L
Places. Mean T Mn'x’::ﬁ'l';s ’l' m? o Mnn?l:?’l’?x;;g!A Difference.
fure. ture.
o o o [
Funchal - - 69 75°56 62:96 1260
don =~ o 50:36 6692 41°72 25:20
%::’ls - - 5108 6530 3614 26:16
St. Malo - - 5414 G410 3776 2664
New York - 53:78 80-78 25-3¢4 55-44
Pekin - . 5386 84:38 24:62 4976

TFunchal offers the example of a constant or insular climate ;
London, Paris, and 5t. Malo, of a variable ; and New York and
Pekin of an extreme climate.

. B 4
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2181. Cliinatological conditions. — A complete analysis of
those conditions on which climate depends, requires also that
the epochs of the extreme temperature, and, in a word, the
general distribution of heat tbrough the seasons should be
stated. For this purpose we should have an exact record, nof
only of the extreme temperatures and the mean annual and
monthly temperatures, butalso the mean diurnal. The import-
ance of such data in any climatological inquiries will be per-
ceived when it is considered that a few degrees difference in
the lowest temperature, will decide the question of the possi-
bility of certain vegetable productions continuing to live,
and the difference of a few degrees in the highest temperature
will render it possible or not for certain firuits to ripen.

2182. 7Zable of Paris temperatures. — The following table,
published by M. Arago, shows the extremes of the temperature
of the air in Paris for more than a century : —

Greatest Heat. Greatest Cold.
Year, Month, " Temperature, Year, Month, 1]‘-"3}:3:;?
—
© [~
1706 August 8. 95-5 1709 January 1: P —-96
1753 Jul';- 7. 96°1 1716 e R - 17
1754 s 14, 95:0 1754 " 8. + 66
1755 s 14e 945 1755 ” 8. + 39
1793 o 8. 101°1 1768 ” 8. + 12
1793 » 16. 991 1776 w29, - 24
1800 August 18. 959 1783 December 30. - 24
1802 . 97°5 1788 . 3L - 81
1803 " . 981 1795 January 23, -10'3
1808 July 15 97:2 1798 December 26, + 03
1818 w A 9441 1823 Jauuary 14, + 59

2183. Extreme temp‘eralure tn torrid zone, — The highest
temperature of the air which has been observed within the
torrid zone is 130°% which was observed by MM. Lyon and
Ritchie, in the Oasis of Mourzouk. This, however, is an ex-
treme and exceptional case, the temperature, even in this zone,
rarely exceeding 120°. ’

2184. Eaxtreme temperature in polar regions.—The lowest
temperatures observed by arctic voyagers in the polar regions
range from 40° to 60° below zero of Fahrenheit, which is from
70° to 90° below the temperature of melting ice. Thus it
appears that the air at the surface of the earth ranges between
—60° and +120°, the extremes differing by 180°.
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2185. The variation of temperature depending on the ele-
vation of the observer above the level of the sea.—Innumerable .
pbenomena show that the temperature of the air falls as the
elevation increases. The presence of eternal snow on the ele-
vated parts of mountain ranges, in every part of the globe, not
excepting even the torrid zone, is a striking evidence of this.

Numerous observations have been made on the slopes of
mountains, and by means of balloons and kites, to ascertain the
law according to which the temperature falls as the height
increnses. Captain Parry raised a self-registering thermometer
to the height of about 400 feet, by means of a kite, at Ingloolick,
latitude 69° 21, At this elevation the temperature was 55°
below zero, being the same temperature as at the surface. At
the equator ITumboldt made an extensive series of observations,
the general results of which are as follows : —

Elevation in Feet. | Mean Temperature. Difference. l

© o

] 81 Q

3250 71 10

6500 65 6

9750 58 7

13,000 44z 13.
16,230 34

Tt appears from these observations, which were made upon
the declivities of the vast mountain ranges which traverse the
equatorial regions, that the decrease of temperature is neither
uniform nor regular. The rate of decrease is least between the
clevation of 3000 and 6000 feet. This is explained by the fact,
that this stratum of the atmosphere at the Lineis the habitual
region of clouds. It is there that the vapours ascending from
the surface, being more or less condensed, absorb a large por-
tion of the solar heat, and it is not therefore surprising that this
stratum should be cooled in a less degree than the strata con-
sisting of air less charged with vapour.

The observations made in temperate climates give results
equally irregular., Gay-Lussac found asceading in a balloon,
that the thermometric column fell one degree for an elevation
of about 320 feet. On the Alps the height which produces a
fall of one degree is from 260 to 280 feet, and on the Pyrenees
from 220 to 430 feet. It may therefore be assumed, that in the
tropical regions an elevatjon of 300 feet, and in our latitudes

BS .



10 METEOROLOGY.

from 300 to 330 fect, corresponds to a fall of one degree of!
.temperature on an average, subject, however, to considerable
Jocal vayiation.

218,;. Elevation of the limit of perpetual snow.—It might
appé'u' that in those clevations at which the temperaturé falls
to 32°% water cannot exist in the liquid state, and we might
expect that above this limit we should find the surface invested
with perpetual snow. Observation nevertheless shows such an
inference to be erroncous. Humboldt in the equatorial regions,
and M. Leopold de Buch in Norway and Lapland, have shown
that the sNOW-LINE does not correspond with a.mean temperature
of 82° for the superficial atmosphere, but that on the contrary,
within the tropics, it is marked by a mean temperature of about
85°% while in the northern re"wns, in latitudes of ﬁom 60° to
70° the mean temperature is 264°

2186. Conditions whick qﬁ‘ect zt.—-It appears that the snow-
line is determined not so much by the mean annual temperature
of the air as by the temperature of the hottest month. The
higher this temperature is, the more elevated will be the limit of
perpetua.l snow. But the temperature of the hoftest month
depends on a great variety of local conditions, such as the
cloudy state of the atmosphere, the nature of the soil, the
inclination and aspect of the surface, the prevailing winds, &e.

2187. Table of heights of snow-line observed.— In the fol-
lowing table are collected and arranged, the results of the most
important and accurate observations on the snow-line.

Mean
Observer, Lat, Place. Helght | Pempera-
w0 Feet.]  qure.
e
o <]
Humboldt - - -} 0'to10 | Rucupichincha - " < |15,730] 347
" - - - N Huaupichincha - - - " »
' - - . ' Antisana - - - «] 0w ”
» - - - ” Corazon - - - - " »
» - - - " Cotopaxi -« - - -1 4 »
. - - - . Chimborazo - - " ”
Pentland - - - | 14to 19 | Eastern Cordlllorns Of Upper Peru | 17,060
” - - - ”" Western J‘ 16,830
Humboldt = - - 19to20 { Oribaza - - - | 15,02
» - - - » Popocatepetl - . e
» - - - » Femmeblanche - - . »
" - e - " Nevado de Toluca « - I
Webb = ~ = |2 to36 | Himalaya (south side) N - 1230
- - » s (north side) - < 116,400
Engelhardt ‘and Parrot | 42€0 43 | Cauchsus = . - - - 1iass0| 383
Ramond . - - » Pyrences - - - - éi,) "
, -~ - =|45t0od6 | Alps - - - - arGo| 892
“'nhicnberg - - 49 Carpathians - - - - 8’500
Leopold de Buch - 6l Peak of Saletind < . = sngo] 428
w e e - 70 The Storvans Kield - Tl 3as0f 410
e
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2188. Further results of Humboldtl's and Pentlund’s re-
searches.—To these general results may be added the following
observations of M. Humboldt*: —

“1. The snow-line on the Andes does not vary morg than
70 to 100 feet in its elevation,

“The plains of Antisana, at an elevation of 13,800 feet, clothed
with a rich vegetation of aromatic herb, are covered with a
depth of three or four feet of snow for five or six weeks.

“Tn Quito, mean temperature 48° snow is never seen below the
elevation of 12,000 feet.

 Hail falls in the tropical regions at elevations of from 2000
to 3000 feet, but is never witnessed on the lower plateaux,
It falls once in five or six years.

“ No mountains have been observed in tropical Africa which rise
to the snow-line.

2. Pentland found that from 14° to 19° lat. S. the snow-line is
higher than upon the Line. This might probably be explained
by the nature and configuration of the surface.

«3. Between the Line and 20° lat. N. the snow-line falls only
700 feet. The variation of the height of the snow-line in-
creases with the latitude.

“ The summitof Mowna Roa (Owhyhee), Sandwich Islands,
whose height exceeds 16,000 feet, is sometimes divested of
SNow. N

“4, The elevation of the snow-line on the southern declivity of
the Himalaya agrees with observations made in Mexico; but
the northern declivity presents a singular anomaly, the snow -
line rising to 16,000 feet, a greater elevation than upon the
Line.

%5, The snow-line on the Caucasus is higher by 1300 feet-
than on the Pyreness, which are, nevertheless, in the same
latitude.

“ 6. The snow-line on the chain of mountains which extend along
Norway, from 58° to 70° lat., is at an elevation of 5000 feet.
This great elevation in latitudes so high is probably ex-
plicable by local atmospheric phenomena, and the proximity
of the sea.”

2189. Thermal phenomena below the surface.— At a given
place the surface of the ground undergoes a periodical variation
of temperature, attaining a certain maximum in summer, and a

* « Noticc on the Snow-line,” Aun. de Ch. et Phys, tom. xiv. p. 1.
B 6
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minimum in winter, and gradually, but not regularly or uni-
formly, augmenting from the minimum to the maximum, and
decreasing from the maximum to the minimum.

The question then arises as to whether this periodi¢ variation
of temperature is propagated downwards through the crust of
the earth, and if so, whether in its descent it undergoes any ind
what modifications ?

To explain the phenomena which have been ascertained by
observation, let us express the mean temperature by 3, and let
the maximum and minimum temperatures be © and Z

If we penetrate to depths more or less considerable, we shall
find that the mean temperature a of the strata will be very
nearly the same as at the surface. The extreme temperatures
T and ¢ will, however, undergo a considerable change, T de-
creasing, and ¢ increasing. Thus the extremes gradually ap-
proach each other as the depth increases, the mean M remain-
ing nearly unaltered.

2190. Stratum of invariable temperature. — A certain depth
will therefore be attained at length, when the maximum tem-
perature T, by its continual decrease, and the minimum tempera-
ture ¢, by its continual increase, will become-respectively equal
to the mean temperature M. At this depth, therefore, the
periodical variations at the surface disappear; and the mean
temperature M is maintained permanently without the least
change.

This mean temperature, however, though nearly is not pre-
cisely equal to the mean temperature at the surface. In de-
scending M undergoes a slight increase, and at the depth where
T and ¢ become equal to », and the variation disappears, the
mean temperature is a little higher than the mean tempera-
ture of the surface.

2191, Its depth wvaries wzt/t the latitude. — The depth at
which the superficial vicissitudes of temperature disappear
varies with the latitude, with the nature of the surfuce, and
other circumstances. In our climates it varies from 80 to 100
feet. It diminishes in proceeding towards the equator, and in-
creases towards the pole. The excess of the permanent tempe-
rature at this depth above the mean temperature at the surface,
increases with the latitude.

2192. Its depth and temperature at Paris.— The same ther-
mometer which has been kept for sixty years in the vaults of



TERRESTRIAL HEAT. 13

the Observatory at Paris, at the depth of eighty-eight feet be-
Jow the surface, has shown, during that interval, the tempera-
ture of 11°82 Cent., which is equal to §3}° Fahr., without
varying more than half a degree of Fahr., and even this varia-
tion, small as it is, has been explained by the effects of currents
of air produced by the quarrying operations in the neighbour-
hood of the Observatory. '

2193, Its form.— We must therefore infer, that within the
surface of the earth there exists a stratum of which the tentpe-
rature is invariable, and so placed that all strata superior to it
are more or less affected by the thermal vicissitudes of the
surface, more so the nearer they are to the surface, and that
this stratum of invariable temperature has an irregular form,
approaching nearer to the surface at some places, and receding
further from it at others, the nature and character of the sur-
face, mountains, valleys, and plains, seas, lakes, and rivers, the
greater or less distance from the equator or poles, and a
thousand other circumstances, imparting to it variations of form,
which it will require observations and experiments much more
long continued and extensive than have hitherto been made, to
render manifest.

2194. Thermal phenomena between the surface and the
stratum of invariable temperature. — The thermometric obser-
vations on the periodical changes which take place above the
stratum of invariable temperature are not so numerous as
could be desired : nevertheless, the following general conditions
have been ascertained, especially in the middle latitudes of the
northern hemisphere :~— .

1. The diurnal variations of temperature are not sensible to
a greater depth than 3} feet.

2. The difference T — ¢ between the extreme temperatures
of the strata decreases in geometrical progression for ‘depths
measured in arithmetical progression, op nearly so.

3. At the depth of 25 feet, T—¢=2° At 50 feet T—¢
=02; and at 60 to 80 feet, T — ¢ = 0°-02.

4. Since the effects of the superficial variation must require
a certain time to penetrate the strata, it is evident that the
epoch at which each stratum attains its maximum and mini-
mum temperatures will be different from those at which the
other strata and the surface attain them. The lower the
strata the greater will be the difference between the times of
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attaining those limits, as compared with the surface. Thus, it
is found, that at the depth of twenty-five feet the maximum is
not attained until the surface has attained its minimum. The
seasons, therefore, at this depth are reversed; the temperature
of July being manifested in January, and vice versa.

2195. Thermal phenomena below the stratum of uniform
temperature.— The same uniformity of temperature which
prevails in the invariable stratum is also observed at all greater
depths ; but the temperature increases with the depth. Thus,
.each successive stratum, in descending, has a characteristic
temperature, which never changes. Tlxe rate at which this
temperature augments with the depth below the invariable
stratum is extremely different in different localities. In some
there is an increase of one degree for every thirty feet, while in
others the same increase corresponds to a depth of 100 feet.
It nay be assumed, in general, that an increase of one degree of
temperature will take place for every fifty or sixty feet of depth.

2196. Temperature of springs.— The permanency of the
temperatures of the inferior strata is rendered manifest by the
umformlty of the temperature of springs, of which the water
rises from any considerable depths. At all seasons of the year
the water of such springs maintains the same uniform tempera-
ture.

Tt may be assumed that the temperature of the water pro-
ceeding from such springs is that of the strata from which they
rise. In these latitudes it is found in general to be a little
above the mean temperature of the air for ordinary springs,
that is from those which probably rise from strata not below
the invariable stratum. In higher latitudes the excess of tem-
perature is greater, a fact which is in accordance with what has
been already explained.

It hias not been certhinly ascertained whether the hot springs,
some of which rise to a temperature little less than that of
boiling water, derive their heat from the great depth of the
strata from which they rise, or from local conditions affecting
the strata. The uniformity of the temperature of many of
them appears to favour the former hypothesis; but it must not
be forgotten that other geological conditions besides mere depth
may operate with the same permanency and regularity.

2197. Thermal conditions of seas and lakes, — The ano-
malous quality manifested in the dilatation of water when its

I
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temperature falls below 388 Fahr. (1395), and its consequent
maximum density at that temperature, is attended with most
remarkable and important consequences in the phenomena of
the waters of the globe, and in the economy of the tribes of
organised creatures which inbabit them. It is easy to show
that, but for this provision, exceptional and anomalous as it
seems, disturbances would take place, and changes ensue, which
would be attended with effects of the most injurious descrip-
tion in the economy of nature.

If a large collection of water, such as an ocean, a sea, or a
lake, be exposed to continued-cold, so that its superficial stra-
tum shall have its temperature constantly reduced, the follow-
ing effects will be manifested.

‘The superficial stratum falling in temperature, will become
heavier, volume for volume, than the strata below it, and will
therefore sink, the inferior strata rising and taking its place.
These in their turn being cooled will sink, and in this manner
a continual system of downward and upward currents will be
maintained, by means of which the temperature of the entire
mass of liquid will be continually equalized and rendered
uniform from the surface to the bottom. This will continue so
long as the superficial stratum is rendered heavicr, volume for
volume, than those below it, by being lowered in temperature.
But the superficial stratum, and all the inferior strata, will at
length be reduced to the uniform temperature of 388,  After
this the system of currents upwards and downwards will cease.
The several strata will assume o state of repose. When the
superficial stratum is reduced to a temperature lower than
388 (which is that of the maximum density of water), it will
become lighter, volume for volume, instead of being heavier than
the inferior strata. It will therefore float upon them. The
stratum immediately below it, and in contact with it, will be
reduced in temperature, but in a less degree; and in like man-
ner a succession of strata, one below the other, to a certain
depth, will be lowered in temperature by the cold of those
above them, but each stratum being lighter than those below,
will remain at rest, and no interchange by currents will take
place between stratum and stratum. If water were a good
conductor of heat, the cooling effect of the surface would extend
downwards to a considerable depth. DBut water being, on the
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contrary, an extremely imperfect conductor, the effect of the
superficial temperature will extend only to a very limited
depth; and at and below thatlimit, the uniform temperature of
38°-8, that of the greatest density, will be maintained.

This state of repose will continue until the superficial stratum
falls to 32°%, after which it will be congealed. When its
surface is solidified, if it be still exposed to a cold lower than
32°, the temperature of the surface of the ice will continue to
fall, and this reduced temperature will be propagated down-
ward, diminishing, however, in degree, so as to reduce the
temperature of the stratum on which the ice rests to 32°, and
therefore to continue the process of congelation, and to thicken
the ice.

If ice were a good conductor of heat, this downward process
of congelation would be continued indefinitely, and it would
not be impossible that the entire mass of water from the surface
to the bottom, whatever be the depth, might be solidified. Ice,
however, is nearly as bad a conductor of heat as water, so that
the superficial temperature can be propagated only toa very
inconsiderable depth, and it is found accordingly, that the
crust of ice formed even on the surface of the polar seas, does
not exceed the average thickness of twenty feet.

2198. Thermal condition of a frozen sea.— The thermal
condition, therefore, of a frozen sea, is a state of molecular
repose, as absolute as if the whole mass of liquid were solid.
The temperature at the surface of the ice being below the
freezing point, increases in descending until it rises to the
freezing point, at the stratum where the ice ceases, and the
liquid water commences. Below this the temperature still
augments until it reaches 38°8, the temperature of maximum
density of water, and this temperature is continued uniform to
the bottom.

2199. Process of thawing. — Let us now consider what
effects will be produced, if the superficial strata be exposed to
an increase of temperature. After the fusion of the ice, the
temperature of the surface will gradually rise from 32° to 38>8,
the temperature of greatest density. When the superficial
stratum rises above 32° it will become heavier than the

stratum under it, and an interchange by currents, and a con-
)
* For sea water the freezing point is 28J°,
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sequent equalization of temperature, will take place, and this
will continue until the superficial stratum attain the tempera-
ture of 388, when the temperature of the whole mass of
water from the surface to the bottom will become uniform.

After this a further elevation of the temperature of the
superficial stratum will render it lighter than those below it,
and no currents will be produced, the liquid remaining at rest;
and this state of repose will continue so long as the temperature
continues to rise.

Every fall of the superficial temperature, so long as it con-
tinues above 38°'8, will be attended with an interchange of cur-
rents between the superficial and those inferior strata whose
temperature is above 38°8, and a consequent equalization of
temperature,

2200. Depth of stratum of constant temperature in oceans
and seas.—It appears, therefore, to result as a necessary conse-
quence from what has been explained, and this inference is
fully confirmed by experiment and observations, that there
exists in oceans, seas, and other large and deep collections of
water, a certain stratum, which retains permanently, and
without the slightest variation, the temperature of 38°8, which
characterizes the state of greatest density, and that all the
inferior strata equally share this temperature. At the lower
latitudes, the superior strata have a higher, at the higher
latitudes a lower temperature, and at a certain mean latitude
the stratum of invariable temperature coincides with the
surface.

In accordance with this, it has been found by observation
that in the torrid zone, where the superficial temperature of the
sea is about 83° the temperature decreases with the depth until
we attain the stratum of invariable temperature, the depth of
which, upon the Line, is estimated at about 7000 feet. The
depth of this stratum gradually diminishes as the latitude
increases, and the limit at which it coincides with the surface
is somewhere between 53° and 60°. Above this the tem-
perature of the sea increases as the depth of the stratum
increases, until we sink to the stratum of invariable tem-
perature, the depth of which at the highest latitudes (at which
observations have been made) is estimated at about 4500 feet.

2201, Effect of superficial agitation of the sea extends to
only a small depth—JIi might be imagined that the temperar



18 METEOROLOGY.

ture of the surface would be propagated downwards, and that
o thermal equalization might therefore be produced by the
intermixture of the superior with the inferior strata, arising
from the agitation of the surface of the waters by atmospheric
commotions. It is found, however, that these effects, even in
the case of the most violent storms and hurricanes, extend to
no great depth, and that while the surface of the ocean is fur-
rowed by waves of the greatest height and extent, the inferior
strata are in the most absolute repose.

2202. Destructive effects whick would be produced if water
kad not a point of maximum density above its point of congela-
tion.—If water followed the general law, in virtue of which all
bodies become more dense as their temperature is lowered, a
continued frost might congeal the ocean from its surface to the
bottorm, and certainly would do s0 in the polar regions; for in
that case the system of vertical currents, passing upwards and
downwards and producing an equalization of temperature,
which has been shown to prevail above 38>8, would equally
prevail below that point, and consequently the same equalization
of temperature would be continued, until the entire mass of
water, from the surface to the bottom, would be reduced to the
point of congelation, and would consequently be converted into
a solid mass, all the organized tribes inbabiting the waters
being destroyed.

The existence of a temperature of maximum densxty at a
point of the thermometric scale above the point of congelation
of water, combined with the very feeble conducting power
of water, whether in the liquid or solid state, renders such 2
catastrophe impossible.

2208. Variations qf the temperature of the air at sea and on
land.—The air is subject to less extreme changes of temperature
at sea than on land. Thus, in the torrid zone, while the tem-
perature on land suffers a diurnal variation amounting to 10°,
the extreme diurnal variation at sea does not exceed 3}°. In
the temperate zone the diurnal variation at sea is limited gene-
rally to about 54° while on continents it is very various and
everywhere considerable. In different parts of Europe it
varies from 20° to 25°

At sea as on land the time of lowest temperature is that of

| sunrise, but the time of greatest heat is about noon, while on
Jand it is at two or three hours after noon.
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On comparing the temperature of the air at sea with the
superficial temperature of the water, it has been found that
between the tropics the air, when at its highest temperature, is
warmer than the water, but that its mean diurnal temperature
is lower than that of the water.

In latitudes between 25° and 50° the temperature of the air
is very rarely higher than that of the water, and in the polar
regions the air is never found as warm as the surface of the
water. Tt is, on the contrary, in general at a very much lower
temperature.

2204. Interchange of equatorial and polar waters.— Much
uncertainty prevails as to the thermal phenomena manifested in
the vast collections of water which cover the greater part of
the surface of the globe. It appears, however, to be admitted
that the currents caused by the difference of the pressures of
strata at the same level in the polar and equatorial seas, pro-
duce an interchange of waters, which contributes in a great
degree to moderate the extreme thermal effects of these regions,
the current from the pole reducing the temperature of the
equatorial waters, and that from the line raising the tempera-
ture of the polar waters and contributing to the fusion of the
ice. A superficial current directed from the line towards the
poles carries to the colder regions the heated waters of the
tropics, while a counter current in the inferior strata carries
from the poles towards the line the colder waters. Although
the prevalence of these currents may be regarded as established,
they are nevertheless modified, both in their intensity and di-
rection, by a multitude of causes connected with the depth and
form of the bottom, and the local influence of winds and tides.

2205. Polar ice.— The stupendous mass of water in the solid
state which forms an eternal crust encasing the regions of the
globe immediately around the poles, presents one of the grandest
and most imposing classes of natural phenomena. The observa-
tions and researches of Captain Scoresby have supplied a great
mass of valuable information in this department of physical
geography.

2206. Lxtent and character of the ice fields.—Upon the coasts
of Spitzbergen and Greenland vast ficlds of ice are found, the
extent of which amounts to not less than twelve to fifteen hun-
dred square miles, the thickness varying from twenty to twenty-
five feet. The surface is sometimes so even that a sledge can
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run without difficulty for an hundred miles in the same direc-
tion. It is, however, in some places, on the contrary, as uneven
as the surface of land, the masses of ice collecting in ¢ Jumns
and eminences of a variety of forms, rising to heights of from
twenty to thirty feet, and presenting the most striking edd pic-
turesque appearances. ‘These prodigious crystals s metimes
exhibit gorgeous tints of greenish blue, resembling t .e topaz,
and sometimes this is varied by a thick covering of snow upon
their summits, which are marked by an endless variety of form
and outline.

2207, Production of iceberys by their fracture. — These
vast ice fields are sometimes suddenly broken, by the pressure
of the subjacent waters, into fragments presenting a surface of
from 100 to 200 square yards. These being dispers>d, are
carried in various directions by currents, and sometimes by the
effect of intersecting currents they are brought into collision
with a fearful crash. A ship, which might chance in such a
case to be found between them could no more resist their force
than could a glass vessel the effect of a cannon ball. Terrible
disasters occur from time to time from this cause. It is by the
effects of these currents upon the floating masses of broken ice
that these seas are opened to the polar navigators. It is thus
that whalers are enabled to reach the parallels from 70° to 80°,
which are the favourite resort of those monsters of the deep
which they pursue.

2208. Their forms, and magnitude. — Sometimes after such
collisions new icebergs arise from the fragments which are
heaped one upon another, * Pelion on Ossa,” more stupendous
still than those which have been broken. In such cases the
masses which result assume forms infinitely various, rising
often to an elevation of thirty to fifty feet above the surface of
the water; and since the weight of ice is about four-fifths of
the weight of its own bulk of water (787), it follows that the
magnitude of these masses submerged is four times as great as
that which is above the surface, The total height of these
floating icebergs, therefore, including the part submerged, must
be from 150 to 250 feet.

2209. Sunken icebergs.—1It happens sometimes that two
such icebergs resting on the extremities of a fragment of ice

11100 or 120 feet in length, keep it sunk at a certain depth
below the surface of the water. A vessel in such cases may
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sail between the icebergs and over the sunken ice ; but such o
course is attended with the greatest danger, for if any acci-
dental cause should detach either of the icebergs which keep
down the intermediate mass while the ship is passing, the latter
by its buoyancy will rise above the surface, and will throw up
the ship with irresistible force.

2210. Singular effects of their superficial fusion, — Icebergs
are observed in Baflin’s Bay of much greater magnitude than
off the coast of Greenland. They rise there frequently to the
height of 100 to 130 feet above the surface, and their total
height, including the part immersed, must therefore amount to
500 or 650 feet. These masses appear generally of a beautiful
blue colour, and having all the transparency of crystals,
During the sumnier months, when the sun in these high lati-
tudes never sets, a superficial fusion is produced, which causes
immense cascades, which, descending from their summit and
increasing in volume as they descend, are precipitated into the
sea in parabolic curves. Sometimes, on the approach of the
cold season, these liquid arches are seized and solidified by the
intensity of the cold without losing their form, and seem as if
caught in their flight between the brink from which they were
projected and the surface, and suddenly congealed. These
stupendous arches, however, do not always possess cohesion in
proportion to their weight, and after augmenting in volume to
a certain limit, sink under their weight, and, breaking with a
terrific crash, fall into the sea,

2211, Depth of polar seas. — The depth of the seas off the
coast of Greenland is not considerable. Whales, being har-
pooned, often plunge in their agony to the bottom, carrying
with them the harpoon and line attached to it. When they
float they bear upon their bodies evidence of having reached
the bottom by the impression they retain of it, and the length
of line they carry with them in such cases shows that depth
does not exceed 3000 or 4000 feet. About the middle of the
space between Spitzbergen and Greenland the soundings have
reached 8000 feet without finding bottom.

2212. Cold of the polar regions. — The degree of cold of
the polar regions, like the temperature of all other parts of the
globe, depends on the extent and depth of the seas. If there
be extensive tracts of surface not covered by water, or covered
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only by a small depth, the influence of the water in moderating
and equalizing the temperature is greatly dimipished. Mence
it is that the temperature of the south polar regions is more
moderate than that of the north. After passing the latitude of
the New Orcades and the New Shetlands, which form a barrier
of ice, the navigator enters an open sea, which, according to all
appearance, extends to the pole., Much, however, still remains
to be discovered respecting the physical condition of these
regions.

2213. Solar and celestial heat, — Whatever may be the
sources of internal heat, the globe of the earth would, after a
certain time, be reduced to a state of absolute cold, if it did not
receive from external sources the quantity of heat necessary to
repair its losses. If the globe were suspended in space, all other
bodies from which heat could be supplied to it being removed,
the heat which now pervades the earth and its surrounding
atmosphere would be necessarily dissipated by radiation, and.
would thus escape into the infinite depths of space. The tem-
perature of the atmosphere, and those of the successive strata,
extending from the surface to the centre of the globe, would
thus be continually and indefinitely diminished.

As no such fall of temperature takes place, and as, on the
contrary, the mean temperature of the globe is maintained at
an invariable standard, the variations incidental to season and
climate being all periodical, and producing in their ultimate re-
sult a mutual compensation, it remains to be shown from what
sources the heat is derived which maintains the mean tempera-
ture of the globe at this invariable standard, notwithstanding
the large amount of heat which it loses by radiation into the
surrounding space.

All the bodies of the material universe, which are distributed
in countless numbers throughout the infinitude of space, are
sources of heat, and centres from which that physical agent is
radiated in all directions. The effect produced by the radiation
of each of these diminishes in the same proportion as the square
of its distance increases. The fixed stars are bodies analo-
gous to our sun, and at distances so enormous that the effect
of the radiation of any individual star is altogether insensible:
When, however, it is considered that the multitude of these
stars spread over the firmament is so prodigious that in some
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places many thousand are crowded together within a space no
greater than that occupied by the disc of the full moon, it will
not be matter of surprise that the feebleness of thermal in-
Auence, due totheir immense distances, is compensated to a great
extent by their countless number; and that, consequently, their
calorific effects in those regions of space through which the
earth passes in its annual course is, as will presently appear, not
only far from being insensible, but is very little inferior to the
calorific power of the sun itself.

We are, then, to consider the waste of heat which the earth
suffers by radiation as repaired by the heat which it receives
from two sources, the sun and the stellar universe; and it re-
mains to explain what is the actual quantity of heat thus sup-
plied to the earth, and what proportion of it is due to each of
these causes,

2214. Quantity of heat emitted by the sun.— An claborate
series of experiments were made by M. Pouillet, and concluded
in 1838, with the view of obtaining, by means independent of
all hypothesis as to the physical character of the sun, an
estimate of the actual calorific power of that luminary. A
detailed report of these observations and experiments, and an
claborate analysis of the results. derived from them, appeared
in the Transactions of the Academy of Sciences of Paris for
that year.

It would be incompatible with the elementary nature and
tlie consequent limits of this work, to enter into the details of
these researches. We shall, thercfore, confine ourselves here
briefly to state their results.

When the firmament is quite unclouded, the atmosphere
absorbs about one-fourth of the heat of those solar rays, which
enter it vertically. A greater absorption takes place for rays
which enter it obliquely, and the absorption is augmented in a
certain ascertained proportion, with the increase of obliquity.
It vesults from the analysis of the results obtained in the
researches of M. Pouillet, that about forty per cent. of all the
heat transmitted by the sun to the earth, is absorbed by the
atmosphere, and that consequently only sixty per cent. of this
Heat reaches the surface. It must, however, be observed that a
part of the radidnt heat, intercepted by the atmosphere, raising
the temperaturé of the air, is afterwards transmitted, as well by
radiation as by contact, from the atmosphere to the earth.
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By means of direct observation and éxperiment made with
instruments contrived by him, called pyrheliometers, by means
of which the heat of the solar radiation was made to affect a
known weight of water at a known temperature, M. Pouillet
ascertained the actual quantity of heat which the solar rays
. would impart per minute to a surface of a given magnitude, on
which they would fall vertically. This being determined, it
was easy to calculate the quantity of heat lmparted by the sun
in a minute to the hemisphere of the earth which is presented
to it, for that quantity is the same which would be imparted to
the surface of the great circle which forms the base of that
hemisphere, if the solar rays were incident perpendicularly
upon it.

2215. Solar keat at the earth would melt a shell of ice 100
Seet thick in a year. — In this manner it was ascertained by
M. Pouillet, that if the total quantity of heat which the earth
receives from the sun in a year were uniformly diffused over
all parts of the surface, and were completely absorbed in the
fusion of a shell of ice enerusting the globe, it would” be
sufficient to liquefy a depth of 100 feet of such shell.

Since a cubic foot of ice weighs 54 Ibs., it follows that the
average annual supply of heat.received from the sun per square
foot of the earth’s surface would be sufficient to dissolve 54001bs.
weight of ice.

2216. Calculation of the actual quantity of heat emitied by
the sun. — This fact being ascertained supplies the means of
calculating the quantity of heat emitted from the surface of
the sun, jndependently of any hypothesis respecting its physical
constitution.

1t is evident from the uniform calorific effects produced by
the solar rays at the earth, while the sun revolves on its axis
exposing successively every side to the earth in the course of
about twenty-five days, that the calorific emanation from all
parts of the solar surface is the same. Assuming this, then, it
will follow, that the heat which the surface of a sphere sur-
rounding the sun at the dlstanc!aa)f the earth would receive
would be so many times more* tltin the heat received by the
earth as the entire surface of such sphere would be greater than -
that part of it which the earth would occupy. The caleulation
of this is a simple problem of elementary geometry.

But such a spherical surface surrounding the sun and con-
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centrlcal with it, would necessarily receive 2ll the heat radiated

by that luminary, and the result of the calculation proves that

the quantity of heat emitted by the sun per minute is such as

wonld suffice to dissolve a shell of ice enveloping the sun, and.
having a thickness of 38.%; feet; and that the heat emitted per
day would dissolve such a shell, having 2 thickness of 55748

feet, or about 10} miles.

2217. Heat at sun’s surface seven times as intense as that of
a blast furnace. — The most powerful blast furnaces do not
emit for a given extent of fire surface more than the seventh
part of this quantity of heat. It must therefore be inferred
that each square foot of the surface of the sun emits about seven
times as much heat as is issued by a square foot of the fire
surface of the fiercest blast furnace,

2218. Temperature of the celestial spaces—When the sur-
face of the earth during the night is exposed to an unclouded
sky, an interchange of heat takes place by radiation. It radi-
ates a certain part of the heat which pervades it, and it receives,
on the other hand, the heat radiated ffom two sources, 1st, from
the strata of atmosphere, extending from the surface of the
earth to the summit of the atmospheric column, and 2d, from
the celestial spaces, which lie outside this limit, and which
receive their heat from the radiation of the countless numbers
of suns which compose the stellar universe. M. Ponillet, by a
series of ingeniously contrived experiments and observations,
made with the aid of an apparatus contrived by him, called an
actinometer, has been enabled to obtain an approximate estimate
of the proportion of the heat received by the earsh which is
due to each of these two sources, and thereby to determine the
actual temperature of the region of space through which the
earth and planets move. The objects and limits of this work
do not permit us to give the details of these researches, and
we must therefore confine ourselves here to the statement of
their results.

It appears from the observations, that the actual temperature
of space is included betweea the minor limit of 315° and the
major limit of 207° below the 'tempemture of melting ice, or
between —283° and —175° Fahr. At what point between
these limits the real temperature lies, is not yet satisfactorily
ascertained, but M. Pouillet thinks that it cannot differ much
from —224° Fahr.

1L, c
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2219. Heat received by earth from cclestial space would melt,
in a year, eighty-five feet thick of ice.—It is proved from these
results, that the quantity of heat imparted to the earth in a
year, by. the radiation of the celestial space, is such as wodld
liquefy a spherical shell of ice, covering the entire surface of
the earth, the thickness of which would be eighty-five feet, and
that forty per cent. of this quantity is absorbed by the atmeo-
sphere.

Thas the total quantity of heat received annually by the
earth is such as would liquefy a spherical shell of ice 185 feet
thick, of which 100 feet are due to the sun, and 85 feet to the
heat which emanates from the stellar universe,

The fact that the celestial spaces supply very little less heat
to the earth andually than the sun, may appear strange, when
the very low temperature of these spaces is considered, a tempe-
rature 180° lower than the cold 6f the pole during the presence
of the sun. It must)-however, bé remembered that while the
space from which the solar radiation” emanates, is only that part
of the firmament occupieds by-the disc of the sun, that from
which the celestial radiation proceeds is the entire celestial
sphere, the area of which is about five million times greater
than the solar disc. It will therefore cease to create surprise,
that the collective effect of an area so extensive should be
little short of that of the sun. -,

The calorific effect due to the solar radiation, according to
the calculations and observations of M. Pouillet, exceeds that
which resulted from the formule of Poisson. These formule
were obtained from the consideration of the variation of the
temperature of the strata of the eartirat different depths below
the surface. M. Pouillet thinks that the results proceeding
from the two methods would be brought into accordance if the
influence of the atmosphere on solar heat, which, as appears
from what has been explained, is very considerable, could be
introduced in a more direct manner into Poisson’s formule,

2220. Summary of the thermal effects—In fine, therefore,
the researches of M. Pouillet give the following results, which
must be received as mere approximations subject to correction

| by future observation :

1st. ‘That the sun supplies the earth annually with as much
heat as would liquefy 100 feet thick of ice covering the entire
globe.
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2d. That the celestial spaces supply as much as would liquefy
85 feet thick. .

3d. That 40 per cent. of the one and the other supply is
absorbed by the atmosphere, and 60 per cent. received by
the earth.

4th. That of the heat radiated by the earth, 90 per cent. is
intercepted by the atmosphere, and 10 per cent. dispersed in
space.
p5th. That the heat evolved on the surface of the sunin a
day would liquefy a shell of ice 10} miles thick, enveloping the
sun, and the intensity of the solar fire is_seven times greater
than that of the fiercest blast furnace.

6th. That the’ temperature of space outside the atmosphere
of the earth is 224° Fuhr., or 256° below that of melting ice.

7th. That the solar heat_alone, constitutes only two-thirds
of the entire quantity of he'tt supplied, fo the earth to repair
its thermal losses by temesma.t radiation’; and that without the
heat supplied by stellar¥adiafiab, «the temperature of the earth
would fall to a point which would'be incompatible with organic
life.

CHAP. II.

THE AIR AND ATMOSPHERIC VAPOURS.

2221. Periodical changes in the atmospheric pressure. — The
periodical changes to which the pressure of the atmosphere is
subject, and the principal causes which produce them have been
already briefly indicated (719, et seq.). We shall now explain
more fully some of the more important of these phenomena.

It has been customary in these climates to observe and re-
gister the height of the barometric column four times a day,
at 9 A, at noon, at 3 P.aL, and at 9 P

The mean monthly and mean annual heights are ‘obtained
from a comparison of the noon observ.xtmns The diurnal
period is obtained from a comparison of the morning and after-
noon observations.

2222. Mean annual height of barometer.— The mean Leight
of the barometer at Paris obtained from observations continued
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from 1816 to 1836, has been ascertained to be 29-764 inches.
The mean annual height during this period did not vary so
much as twelve hundredths of an inch.

2223, Effect of winds on the barometric column.— It has
been found that the barometric column is affected by the direc-
tion and continuance of the wind, but these effects are not the
samein all localities, At Paris, the height is greatest when the
wind blows from the north or north-east, and least when from
the south and south-west. The extreme difference of the mean
heights during such winds was found to be twenty-seven hun-
dredths of an inch. Observations made at Metz by Schuster gave
a like result, but with a little less difference. At Marseilles,
however, no such effect has been observed, but rather a ten-
dency to a contrary change, the height being generally above
the mean in southerly winds, and below it in north-westerly.

2224. Diurnal variations of the barometer. — A long series
of observations on the diurnal changes in the barometer esta-
blish the existence of two periods, a period of decrease from
9 Am. to 3 par, and a period of increase from 3 P to
9 r.M. The mean amount of the former, taken from ten years’
observation at Paris, was 0-0294 in., and of the latter 0:0146 in,
The decrease from 9 aA.ar. to 8 r.ar. is therefore less than the
thirtieth of an inch, and the increase from 3 P.M. to 9 p.u1, less
than the sixticth of an inch.

A comparison of these variations in different seasons of the
year shows that the increase of the evening is subject to
very minute and irregular changes, but that the changes of the
decrease in the morning are both more considerable and more
regular, the amount of the decrease being always least in
November, December, and January, and greatest in February,
March, and April.

During the night the barometer falls from 9 p.M. to 4 A,
and rises from 4 A.ax. to 9 A.M.

2225. The winds, — No meteorological phenomenon has
had so many observers, and there is none of which the theory
is so little understood, as the winds. The art of navigation has
produced in every seaman an observer, profoundly interested
in the discovery of the laws which govern 2 class of phenomena,
upon the knowledge of which depends not only his professional
success but his personal security, and the lives and property
committed to his charge.

The chief part of the knowledge which has been collected
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respecting the causes which produce these atmospheric currents
is derived, nevertheless, much more from the comparison of
the registers of observatories than from the practical experience
of mariners.

2226. Winds by compression and rarefaction. — Winds are
propagated either by compression or by rarefaction. In the
former case they are developed in the same direction in which
they blow ; in the latter case they are developed in the con-
trary direction. To render this intelligible, let us imagine a
column of air included in a tube. If a piston inserted in one
end of the tube be driven from the mouth inwards, the air
contiguous to it will be compressed, and this portion of air will
compress the succeeding portion, and so on; the compression
being propagated from the end at which the piston enters to-
ward the opposite end. The remote end being open, the air will
flow in a current driven before the piston in the same direction
in which the compression is propagated.

If we imagine, on the other hand, a piston inserted in the
tube at some distance from its mouth, to be drawn outwards to.
ward the mouth, the air behind it will expand into the space
deserted Uy the piston, and a momentary rarefaction will be
produced. The next portion of air will in like manner follow
that which is next the piston, the rarefaction which begins at
the piston being propagated backwards through the tube in o
direction contrary to the motion of the piston and that of the
current of air which follows it,

What is bere supposed to take place in the tube is exhibited
on a larger scale in the atmosphere. Any physical cause which
produces a compression of the atmosphere from north to south
will produce a north wind; and any cause which produces a
rarefaction from north to south will produce a south wind.

2227, Effect of sudden condensation of vapour. — Of all the
causes by which winds are produced, the most frequent is the
sudden condensation of vapour suspended in the atmosphere.
In general the atmosphere above us consists of a mixture of
air properly so called, and water, either in the state of vapour,
or in a vesicular state, the nature and origin of which has not
yet been clearly ascertained. In either case its sudden con-
version into the liquid state, and its consequent precipitation to
the earth, leaves the space it occupied in the atmosphere a
vacuum, and a corresponding rarefaction of the air previously
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mixed with the vapour ensues. The adjacent strata imme-
diately rush in to re-establish the equilibrium of pneumatic
pressure, and winds are consequently produced.

The propagation of winds by raréfaction, manifested in direc-
tions contrary to that of the winds themselves, is common-in the
North of Europe. Wargentin gives various examples of this.
When a west wind springs up, it is felt, he observes, at Mos-
cow before it reaches Abo, although the latter city is four hun-
dred leagues west of Moscow, and it does not reach Sweden
until after it has pnssed over Finland.

2228. Hurricanes.—'T'he intertropical regions are the theatre
of hurricanes. It is there only that these atmospheric commo-
tions are displayed in all their terrors. In the temperate zones
tempests are not only more rare in their occurrence but much
less violent in their force. In the circumpolar zone the winds
seldom acquire the force which would justify the title of a
storm,

The hurricanes of the warm climates spread over a consider-
able width, and extend through a still more considerable length.
Some are recorded which have swept over a distance of four
or five hundred leagues with a nearly uniform violence.

It is only by recounting the effects produced by these vast
commotions of the atmospheric ocenn, that any estimate can be
formed of the force which air, attenuated and light as that
fluid is, may acquire when a great velocity is given to it. In
hurricanes such as that which took place at Guadaloupe on the
25th July, 1825, houses the most solidly constructed were
overthrown. A new building erected in the most durable
manner by the government was rased to the ground. Tiles
carried from the roof were projected against thick doors with
such force as to pass through them like a cannon ball. A
plank of wood 3} feet long, 9 inches wide, and an inch thick,
was projected with such force as to cut through a branch of
palm wood 18 inches in diameter. A piece of wood 15 feet
long and 8 inches square in its cross section, was projected
upon a hard paved road, and buried to a depth of more than
three feet in it. A strong iron gate in front of the governor’s
house was carried away, and three twenty-four pounders erected
on the fort were dismounted.

2229, The probable causes explained. — These effects, pro-
digious as they are, all arise from mechanical cauges. There
is no agent engaged in hurricanes more subtle than the me-
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chanical force of air in motion, and since the weight. and
density of the air suffer no important change, the vast momen-
tum manifested by such effects as those described above, must
be ascribed altogether to the extraordinary velocity imparted to
the air by the magnitude of the local vacuum produced, as
already stated, by the sudden condensation of vapour. To form
some approximate estimate of this it may be stated that, in the
intertropical regions, a fall of rain often takes place over a vast
extent of surface, sufficient in quantity to cover it with a stra-
tum of water more than an inch in depth. If such a fall of rain
were to take place over the extent of a hundred square leagues,
as sometimes happens, the vapour from which such a quantity
of liquid woiid be produced by condensation would, at the
temperature of only 50, occupy a volume 100,000 times greater
than that of the liquid; and, consequently, in the atmosphere
over the surface of 100 square leagues it would fill a space
9000 feet, or nearly two miles in length. The extent of the
vacuum produced by its condensation would be a volume nearly
equal to 200 cubic miles, or to the volume of a column whose
base is a square mile and whose height is 200 miles.

2230. Water spouts and land spouts. — These phenomena,
called water or land sponts according as they dre manifested at
sea or on land, consist apparently of dense masses of aqueous
vapour and air, having at once a gyratory and progressive mo-
_tlon, and resembling in form a conical cloud, the base of which
is presented upwards, and the vertex of which generally rests
upon the ground, but sometimes assumes a contrary position.
This phenomenon is attended with a sound like that of a waggon
rolling on a rough pavement.

Violent mechanical effects sometimes attend these meteors.
Large trees torn up by the roots, stripped of their leaves, and
exhibiting all the appearances of having been struck by
lightning, are projected to great distances. Houses are often
thrown down, unroofed, and otherwise injured or destroyed,
when they lie in the course of these meteors. Rain, hail,
and frequently globes of fire, like the ball lightning, also
accompany them.

The various appearances exhibited by water spouts are re-
presented in fig. 669.

No satisfactory theory has yet connected these phenomena
with the general laws of physics,
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temperature, a part of the vapour must be condensed, and this
condensation must continue until the vapour suspended in the
air shall be reduced to that state of density which is the greatest
compatible with the reduced temperature.

2234. Atmosphere rarely saturated. — A fluid so light and
mobile as the atmosphere, can never remain long in a state of
repose, and the column of air suspended over the surface of
any collection of water however extensive, is subject to frequent
change. In general, therefore, before any such portion of the
atmosphere become saturated by evaporation, it is removed and
replaced by another portion. It happens, consequently, that the
atmosphere rarely becomes saturated by the immediate effect of
evaporation.

2235. May become so by reduced temperature or inler-
mingling strata.—The state of saturation is, however, often
attained either by loss of temperature, or by the intermixture
of strata of air of different {emperatures and differently
charged with vapours. Thus, if air which is below the point
of saturation suffer a loss of heat, its temperature may fall to
that point which is the highest compatible with the density of
the vapour actually suspended in it. The ajr will then become
saturated, not by receiving any increased quantity of vapour,
but by losing tha$ caloric by which the vapour it contained was
previously superkeated.

If two strata of air at different temperatures, and both
charged with vapour ta a point below saturation, be intermin-
gled, they“y_iII take an jntermediate temperature, that which
had the highet; temperityre imparting a portion ofjits heat to
that which had adower'temperature. The vapour with which
they were previously charged will likewise be intermixed and
reduced to the common temperature. Now, in this case it may
happen that the common temperature to which the,entire mass
is reduced, after intermixture, shall be either equal to or less
than the greatest temperature compatible with the density of
the vapour in the mass of air thus mixed, If it be equal to
that temperature, the mass of air after intermixture will be
saturated, though the strata before intermixture were both
below saturation; and if less, condensation must take place
until the density of the vapour suspended in the mixture be
reduced, to the greatest density compatible with the tem-
perature,

cH



31 METEOROLOGY.

2236. Air and vapour intermingle though of different spe-
cific gravities.—1It might be supposed that air and vapour
Leing mixed together without combining chemically, would
arrange themselves in strata, the lighter floating above the
heavier as oil floats above water. This statical'law, however,
which prevails in liquids, is in the case of elastic fluids subject
to important qualifications, The latter class of fluids have a
tendency to intermingle and diffuse themselves through and
among each other in opposition to their specific gravities.
Thus if a stratum of hydrogen, the lightest of the gases, rest
upon a stratum of carbonic acid, which is the heaviest, they
will by slow degrees intermingle, a part of the hydrogen de-
scending among the carbonic acid, and a part of the carbonic
acid ascending among the hydrogen, and this will continue
until the mixture becomes perfectly uniform, every part of it
containing the two gases in the proportion of their entire
quantities. .

The same law prevails in the case of vapours mixed with
gases; and thus may be explained the fact, that although the
aqueous vapour suspended in the air, and having the same
temperature, is always lighter bulk for bulk than the air, it
does not ascend to the upper strata of the atmosphere, but is
uniformly diffused through it.

2287. The pressure of air retards, but does not diminish
evaporation. — It may be stated generally, that the effect of
a column of air superposed upon the surface of water is only
to retard, but not either to prevent or diminish, the evapora«
tion. The same quantity of vapour will be developed as
would be produced at the same temperature if no air were
superposed on the water; but while in the latter case the entire
quantity of vapour would be developed instantaneously, it is
produced gradually, and completed only after a certain in-
terval of time when the air is present. The quantity of vapour
developed, and its density and pressure, are however exactly
the same, whether the space through which it is diffused be a
vacuum, or be filled by air, no matter what the density of the
air may be. The properties of the air, therefore, neither
modify nor are modified by those of the vapour which is dif-
fused through it.

2238. When wapour intermizes with air, it renders it spe-
cifically lighter. — Since, at the same temperature and pres-
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sure, the density of the vapour of water is less than that of
air in the ratio of 5 to 8, it follows that when air becomes
charged with vapour of its own temperature, the volume will
be augmented, but the density diminished. If a certain
volume of air weigh 8 grains, an equal volume of vapour will
weigh 5 grains, the two volumes mixed together will weigh
13 grains, and, consequently, an equal volume of the mixture
will weigh 63 grains. In this case, therefore, the density of
the air charged with vapour is less than the density of dry air
of the same temperature in the ratio of 6} to 8.

CHAP. IIL
HYGROMETRY.

2239. Hygrometry.—This is the name given to that branch
of meteorology which treats of the methods of measuring the
elastic force and the quantity of aqueous vapour which is
suspended in the atmosphere, and in which the influence of
various natural bodies and physical agents upon this vapour is
explained.

If the atmosphere were always charged with vapour to
Saturation, the pressure and density of the vapour contained in
it would be ‘immediately determined by its temperature, for
there would then be the greatest pressure and density com-
patible with the temperature, and the pressure and density would
be given by the tables (1494).

2240, The dew point.— But when the air, as generally
happens, is not saturated, it becomes necessary to contrive
means by which the temperature to which it must be reduced,
in order to become saturated by the quantity of vapour actually
suspended in it, can be determined.

Such temperature is called the peEw roINT, inasmuch as
after reduction below that temperature, more or less conden-
sation, and the consequent deposition of moisture or DEW, will
take place.

2241. Method of determining the pressure and density of the
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vapour suspended in the air. — When the actual temperature
of the air and the dew point are known, the pressure and
density of the vapour suspended in the air may be found,

Let T express the temperature of the air, £ the dew point,
P the pressure of the vapour which would saturate the air at
the temperature T, p the pressure of the vapour which would
saturate it at the temperature ¢ and, in fine, let p’ express the
pressure of the vapour actually suspended in the air.

" This pressure P’ is greater than the pressure p, which the
same vapour having the same density has at the temperature ¢,
by that increase of pressure which is due to the increase of
temperature from ¢ to T. If the increase of pressure due to
one degree of augmented temperature be expressed by z, the
increase due to (r—¢) degrees will be expressed by (T—¢) X 7.
Hence, we shall have

PP=px{l+(v—¢)xn}

So that when p, the pressure of the saturating vapour at -the
dew point, is known, #’, the actual pressure, can be found.

But any means by which the temperature ¢ at the due point
can be determined, will necessarily also determine the pressure
P, inasmuch as this pressure is that which corresponds to
vapour having the greatest density compatible with the tem-
perature ¢, and is therefore given by the tables (1494), 'This
being found, " may be computed by the preceding formula.

'To find the density of the vapour actually suspended in the
air, or, what is the same, the weight of water in the state of
vapour containéd in a cubic foot of air, let this weight be
expressed by w4 and let w express the weight of vapour
which would saturate a cubic foot of air at the temperature T.

Since the pressure is proportional to the density when the
temperature is the same, tve shall have

PP IlW:W;
Therefore,

’ v’ W.
W=Wx o=—xpX {l+(T—t)xn}

By this formula, therefore, the weight w’ of vapour contained
in a cubic foot of air can be found, provided the weight and
pressure of the vapour which would saturate it at the same
temperature, its dew point, and the pressure of the vapour
which would saturate it at that point, are severally known.
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2242. Table of pressures and densities of saturating vapours.
~The following table, in which are given the pressure and weight
of the saturating vapour in a cubic foot of air, at the several
temperatures expressed in the first column, will supply all the
data necessary for such calculations, provided only that means
be obtained for determining by experiment the dew point.

TanLE showing the Pressure and Weight of saturating Vapour contained in
% Cubic Foot of Air at Temperatures varying from — 4° Fahr, to + 104°
Fahr,

Pressure: Weight of Vapour Pressure: Weight of Vapour
Temperature, Inches, ina éuhic Fi o.!f’ of || Temperature. Inches, hui:nbic l-‘ool?;f
Mercury. Alr. Mercury. Air,
o [ 3
Grains, Grains.
- 40 05 1 662 64 7
50 -08 1 680 *63 7
140 10 1 698 72 8
23:0 15 2 716 76 8
320 *20 2 734 81 9
338 22 2 75 86 9
356 +23 3 77:0 91 10
374 24 3 788 06 10
392 26 3 8G-6 102 11
410 +28 3 42-4 108 12
428 ‘30 3 84-2 ' 12
446 32 4 860 1-21 13
464 34 4 87'8 128 i
48-2 36 4 896 1-35 14
50-0 -38 I 94 143 15
518 +40 5 932 151 16
536 43 & 950 1-59 7
554 45 5 96'8 1-68 18
57:2 48 3 986 177 18
590 +51 6 1004 187 19
g 54 6 102-2 197 20
626 38 ¢ 1040 2-09 21
64°4 61 7

2243. Example of such a calculation.— As an example of the
application of the preceding formule, let us suppose that the
temperature of the air is 77° and that the dew point is ascer-
tained to be 544°

By the preceding table then we obtain the following data :—

=T7°, p=091, t=541, p=044.
. But it appears from what has been already explained (1495),
that 2=0-002037 = }5-
Hence we find
P =044 x {1 422540002037} =0-46.

It follows, therefore, that the actual pressure of the vapour
_suspended in the air is 46 per cent. of the pressure of the
vapour which would saturate it,
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We have also
r =096, w=10:
And therefore
w/ =505.

2244, Method of ascertaining the dew point. — To determine
the dew point let a thin glass or decanter be filled with water,
and, immersing a thermometer in it, let it be exposed in the
open air. Let ice cold water be poured into it by small quan-
tities and mixed with it, so as to reduce its temperature by
slow degrees below that of the surrounding air. A temperature
will at length be attained at which a cloudy deposition of
moisture will be manifested on the external surface of the glass.
The temperature at which this effect first begins to be mani-
fested is the DEW POINT.

To explain this it must be considered that the shell of air in
immediate contaet with the glass is reduced to the temperature
of the glass, and when that temperature has been reduced so
low that the vapour suspended in the air saturates it, any
further diminution of temperature is attended with conden-
sation, which is in effect manifested by the dew which then
immediately begins to collect upon the surface of the glass.

2245. Daniel's Hygrometers.— Hygrometers have been con-
structed in different forms, on thisprinciple,
. to indicate the dew point. That of Daniel
§ has been most generally adopted. This
instrument consists of a glass tube, having
a thin bulb blown on each end of it, and
being bent into the rectangular form re-
presented in fig. 670. The bulb a is filled
to two-thirds of its capacity with ether,
which being'boiled produces vapour which
fills the tube ¢ and the bulb b, and escapes
through o small opening in the bottom of
5. In this manner the air is expelled from
the ether, the tube, aud the bulbs. The opening in & is then
closed with the blowpipe, and the heat being removed from the
bulb «, the vapour in the tube and bulb & is condensed, so that
the space within the instrument above the surface of the ether
contains only the vapour of ether, which corresponds to the
temperature of the fluid in the bulb @. A thermometer is

Fig. 670.
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previously inserted in the tube ¢ the bulb of which is plunged
in the ether, and the bulb b is surrounded by a linen or muslin
cloth, which, being saturated with ether by means of a small
phial provided with a fine rectangular spout, evaporation takes
place, by which the bulb & is cooled. The vapour of the ether
which fills the bulb & is thus condensed in it, and more vapour
flows in to fill its place from the tube ¢&. The surface of the
ether in @ being thus continually released from the pressure of
the vapour condensed, further evaporation and a comsequent
depression of the temperature of the fluid in the bulb ¢ ensues,
and this continues until the temperature of the bulb e is re-
duced to the dew point, when a cloudy deposition will be mani-
fested on the glass of the bulb a.

2246. August’s Psychrometer.—Professor August of Berlin
has constructed an hygrometer, the indications of which depend
on the depression of temperature produced by evaporation in
an atmosphere which is below the point of saturation. Two
thermometers, exactly alike in all respects, are mounted on a
support in immediate juxtaposition, the bulb of one being en-
veloped in a cloth, which is kept constantly wetted with dis-
tilled water. If the atmosphere were already saturated no
evaporation would ensue; but if it be not saturated evaporation
will take place from the wet cloth surrounding the bulb, and a
depression of temperature will be indicated, which will bear a
certain relation to the rate of this evaporation. The thermometer
therefore, enveloped in the wet cloth, will fall below the other,
which gives the true temperature of the air, and the difference
between the two thermometers thus becomes a measure of the
rate of evaporation from the cloth, and thereby of the degree
of dryness of the air. The greater the quantity of vapour with
which the air is charged, the less will be the difference of the
temperatures indicated by the two thermometers,

When the air is extremely dry, the difference between the
two thermometers sometimes amounts to from 14° to 18°,

Professor August has constructed tables by which the pressure
of the vapour suspended in the air, which corresponds to the
various indications of the two thermometers, can be immediately
found.

2247, Saussure's Hygrometer.— Hygrometric substances are
those porous bodies whose affinity for moisture is so strong,
that when they are exposed to an atmosphere in which more or
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less vapour is suspended, they will attract this vapour and
condense it in their pores, so that they will become wet, The
quantity of moisture which they imbibe in this manner is more
or less, according to the quantity of vapour with which the
atmosphere is charged.

The varying absorption of vapour causes.in some bodies a
corresponding variation of dimensions. The hygrometer of
Saussure is founded on this property. A hair well prepared
and deprived of all greasy matter is attached to a point of sus-
pension, and being carried round a small wheel is kept extended
by suspending to its extremity a small weight, Being hygro-
metric, it absorbs moisture from the atmosphere, by which it is
made to contract and shorten its length. This causes the wheel
round which it is coiled to turn through a corresponding space,
which is shown by an index fixed upon the centre of the wheel,
which plays upon a graduated arch.

As the vapour suspended in the air increases or diminishes,
the contraction of the hair varies in corresponding manner, and
the index shows the changes, indicating extreme dryness at one
extremity of the scale, and extreme humidity at the other.

Tables have been constructed by which the indications of
this instrument give the pressure of the vapour suspended in
the air. ’

2248. Dew.—The evaporation produced during the day by
the action of solar heat on the surface of water, and on all
bodies charged with moisture, causes the atmosphere at the time
of sunset to be more or less charged with vapour, especially in
the warm season. On hot days, and in the absence of winds,
the atmosphere at sunset is generally at or near the point of
saturation,

Immediately after sunset the temperature of the air falls.
If it were previously in a state of saturation condensation must
ensue, which will be considerable if the heat of the day and the
consequent change of temperature after sunset be great. In
such case, the vapour condensed often assumes the appearance
of a fine rain or mist taking the liquid form before its actual
deposition on the surface.

‘The deposition of dew, however, also takes place even where
the atmosphere is not reduced to its point of saturation. When
the firmament is unclouded after sunset, all objects which are
good radiators of heat, among which the foliage and flowers of
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vegetables are the foremost, lose by radiation the heat which
they had received before sunset without receiving any heat from
the firmament sufficient to replace it. The temperature of such
objects, therefore, falls much below that of the air, on which
they produce an effect precisely similar to that which a glass of
very cold water produces when exposed to a warm atmosphere
charged with vapour. The air contiguous to their surface being
reduced to the dew. point by contact with them, a part of the
~vapour which it holds in suspension is condensed, and collect3
upon them in the form of dew.

It follows from this reasoning, that the dew produced by the
fall of temperature of the air below the point of saturation will
be deposited equally and indifferently on the surfaces of all
objects exposed in the open air, but that which is produced by
the loss' of temperature of objects which radiate freely, will
only be deposited on those surfaces which are good radiators.
Foreign writers on physics accordingly class these depositions
as different phenomena, the former being called by French
meteorologists serein, and the latter rosée or dew. We are not
aware that there is in English any term corresponding to
serein.

Dew will fail to be deposited even on objects which are good
radiators, when the firmament is clouded. For although heat
be radiated as abundantly from objects on the surface of the
earth as when the sky is unclouded, yet the clouds being also
good radiators, transmit heat, which being absorbed by the
bodies on the earth, compensates for the heat they lose by ra-
diation, and prevents their temperature from falling so much
below that of the air as to produce the condensation of vapour
in contact with them.

Wind also prevents the deposition of dew by carrying off the
air from contact with the surface of the cold object before con-
densation has time to take place. Meanwhile, by the contact of
succeeding portions of air, the radiator recovers its temperature.

In general, therefore, the conditions necessary to insure the
deposition of dew is, 1st, & warm day to charge the air with
vapour ; 2d, an unclouded night; 3d, a calm atmosphere ; and,
4th, objects exposed to it which are good radiators of heat.

In the close and sheltered streets of cities the deposition of
dew is rarely observed, because there the objects are necessarily
exposed to each other’s influence, and an interchange of heat by
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-radiation takes place so as to maintain their temperature ; be-
sides which, the objects found there are not as strong radiators
as the foliage and flowers of vegetables.

2249, Hoar frost—When the cold which follows the conden-
sation of vapour falls below 32°, what would otherwise be DEw
becomes HOAR FROST. For the same reason that dew is depo-
sited when the temperature of the air is above the point of sa-
turation, hoar frost may be manifested when the temperature
bf the air is many degrees above the point of congelation ; for
in this case, as in that of dew, the objects on which the hoar
frost collects lose so much heat by their strong radiation, that
while the atmosphere may be above 40° they will fall below 32°.
In such cases, a dew is first deposited upon them which soon
congeals, and forms the needles and erystals with which every
observer is familiar.

The hoar frost is sparingly or not at all formed upon the naked
earth, or on stones -or wood, while it is profusely collected on
leaves and flowers. The latter are strong, the former feeble
radiators,

Glass is a good radiator, The panes of a window fall during
the night to a temperature below 32° although the air of the
room be at a much higher temperature. Condensation and a
profuse deposition of moisture takes place on their inner suy-
faces, which soon congeals and exhibits the crystallized coating
so often witnessed.

The frosts of spring and autumn, which so frequently are
attended with injury to the crops of the farmer and gardener,
proceed generally not from the congelation of moisture depo-
sited from the atmosphere, but from the congelation of their
own proper moisture by the radiation of their temperature
caused by the nocturnal radiation, which in other cases produces
dew or hoar frost. The young buds of leaves and flowers in
spring, and the grain and fruit in autumn, being reduced by
radiation below 32° while the atmosphere is many degrees
above that temperature, the water which forms part of their
composition is frozen, and blight ensues,

These principles, which serve to explain the cause of the evil,
also suggest its remedy. It is only necessary to shelter the
object from exposure to the unclouded sky, which may be done
by matting, gauze, and various other expedients.

2250. Fabrication of ice in hot climates. — In tropical cli~



FOGS AND CLOUDS. 43

mates the principle of nocturnal radiation has supplied the
means of the artificial production of ice. This process, which
is conducted on a considerable scale in Bengal, where some
establishments for the purpose employ several hundred men,
consists in placing water in shallow pans of unglazed pottery in
a situation which is exposed to the clear sky and sheltered from
currents of air. Evaporation is promoted by the porous quality
of the pans which become soaked with water, and radiation
takes place at the same time both from the water and the pans.
Both these causes combine in lowering the temperature of the
water in the pans, which congeals when it falls below 32°.

2251. Fogs and clouds. — When the steam issuing from the
surface of warm water ascends into air which is at a lower
temperature, it is condensed, but the particles of water formed
by such condensation are so minute, that they float in the air
as would the minute particles of an extremely fine dust. These
particles lose their transparency by reason of their minuteness,
according to & general law of physical optics. The vapour of
water is transparent and colourless. It is only when it loses
the character and qualities of true vapour, that it acquires the
cloudy and semi-opaque appearance just mentioned.

Fogs are nothing more than such condensed vapour pro-
duced from the surface of seas, lakes, or rivers, when the water
has a higher temperature than the stratum of air which rests
upon it. These fogs are more thick and frequent when the
air, besides having a lower temperature than the water, is
already saturated with vapour, because in that case all the
vapour developed must be immediately condensed, whereas,
if the air be not saturated, it will absorb more or less of the
vapour which rises from the water.

Clouds are nothing but fogs suspended in the more elevated
strata of the atmosphere. Clouds are most frequently pro-
duced by the intermixture of two strata of air, having different
temperatures and differently charged with vapour, the mixture
being supersaturated, and therefore being attended with par-
tial condensation as already explained (2235).

2252, Rain. — When condensation of vapour takes place
in the upper strata of the atmosphere, a fog or mist is first pro-
duced, after which the aqueous particles coalescing form
themselves in virtue of the attraction of cohesion into spherules,
and fall by their gravity to the earth, producing the pheno-
menon of rain.
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22533, Rain gauge.— An instrument by which the quan-
tity of rain which falls upon an area of given magnitude, at a
given place, within a given time, is called a Ramx cavucs or
UporETER.

These instruments, which vary in form, in magnitude, and in
the provisions by which the quantity falling is measured and
registered, consist, in general, of a cylindrical reservoir of known
diameter, the bottom of which being funnel-shaped, terminates
in a discharge pipe, through which the contents pass into a
close vessel. The quantity received from time to time by this
vessel is measured and indicated by a great variety of ex-
pedients. .

2254. Quantity of rain falling in various places. — The
quantity of rain which falls in a given time at a given place, is
expressed by stating the depth which it would have if it were
received upon a plane and level surface, into which no part of it
would penetrate.

At Paris, the average annual quantity of rain which falls,
obtained from observations continued for thirty years at the
Observatory, is 23-6 inches. There is, however, considerable
variation in the quantities from which this average is deduced ;
the smallest quantity observed being 169 inches, and the greatest
279 inches.

The greatest annual fall of rain is that observed at Maran-
ham, lat. 21° S, which is stated by Humboldt to amount to
277 inches, more than double the annual quantity hitherto ob-
served elsewhere. The following are the annual quantities at
the under-named places: — ‘

In, In.
St. Domingo - - 120 Petersburg -~ - - 182
Cayenne - - - 116 Rome - - - 312
Island Granada - - 112 Rotterdam - - - 224
Havannah - - 91 Stpckholm - - - 187
Calcutta - - - 76to118 Vienna - - - 170
Bombay - - - 83t0 96 Alais (35 years) - 890
Martinique - - 87 Algiers (10 years) - 360
Sierra Leone = -« 86 Bourdeaux (7 years) - 335
Berlin =~ - ‘. - 209 Chalons (43 years) - 235
Brussels - - - 190 Dijon (34 ycars) - 276
Florence - - - 413, Dieppe (8 years) . 325
Lyons =« ~ - 395 Metz (22 years) -« . 260
Maestricht - = - 361 Nantes (7 years) =~ . 645
Marseilles - - - 184 Orange (30 years) - 295
Padun - - - 360 Jerwas (6 y cars) ~ 500



RAIN —SNOW —HAIL. 45

In, In,
Rouen (3 years) - -~ 385 Liverpool - - - 3412
St. Lo(3 years) - - 315  Lancaster - . - 3971
Toulouse (8 years) - -~ 250 Glasgow - - - 2133
Basin of the Rhone (4 yrs.) 350 London (Dalton) . - 9069
Kendul. - - - - 5394 w  (Howard) - 92490
Dumfries - « -39 Yok - . - . 257
Manchester - - - 3614 Edinburgh « - ~ 2500

Among the exceptional pluvial phenomena, the following may
be mentioned ; —

At Bombay, six inches of rain fell in a single day.

At Cayenne, ten inches fell in ten lours,

At Genon, on the 25th of Oct. 1822, thirty inches of rain
fell on the occurrence of a water spout. This is the greatest
fall of rain on record.

2255. Snow. — The physical conditions which determine the
Production of snow are not ascertained. It is not known whe-
ther the flakes as they fall are immediately produced by the
congelation of condensed vapour in the cloud whence they first
proceed, or whether being at first minute particles of frozen
vapour, they coalesce with other frozen particles in falling
through the successive strata of the air, and thus finally attain
the magnitude which they have on reaching the ground,

The only exact observations which have been made on snow
refer to the forms of the crystals composing it, which Captain
Scoresby has observed with great accuracy in his Polar Voy-
ages, and of which he has given drawings. The flakes appear
to consist of fine needles, grouped with singular symmetry.
A few of the most remarkable forms are represented in

Jig. 671, .
2256. Hail. — The physical causes which produce this for-

midable scourge of the agriculturist are uncertain. Hypo-
theses have been advanced to explain it which are more or less
plausible, but which do not fulfil the conditions that would en-
title them to the place of physical causes. Volta proposed a
‘theory, which has’ obtained some celebrity, and which is cha-
racterized by the ingenuity that marked every physical investi-
gation of that great philosopher. Two strata of clouds, each
charged with vapour, and with opposite electricities, are sup-
posed to be carried by different atmospheric currents at different
clevations to such a position, that one is vertical above the
other, and separated from it by a stratum of the atmosphere of
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a certain thickness, Assuming that condensation and congela-
tion is produced in the superior cloud, and that hailstones of

Fig. 671.

small magnitude result directly from the congelation of par-
ticles of water, these fall in a shower upon the inferior cloud,
where their electricity is first neutralized by an equal charge of
the contrary fluid, and they are then charged with that fluid,
when they are repelled upwards, and rise again to the superior
cloud, where like effects ensue, and they fdll again to the in-
ferior cloud, and so continue to rise and full between the two
clouds upon the same principle as the pith-balls move in the
experiment described in (1794). The gradual increase of mag-
nitude of the hailstones during this reverberation between the
two clouds is thus explained by Volta : — When they fall from
the superior upon the inferior cloud they penetrate it to a cer-
tain depth, and because of their low temperature, the vapour
condenses and congeals upon their surface, thus increasing their,
volume. The same effect is produced when they rise again to
the superior cloud, and is repeated each time that they pass to
and fro from cloud to cloud, until the weight of the stones be-
come so great that it resists the electric attraction, and they
then fall to the earth.

Volta also explained how two clouds might thus be charged
with contrary electricities, by the effect of solar heat in pro-
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ducing evaporation, and by the assumption that vaporization
deve]ops positive and condensation negative electricity. This
explanation is inadmissible, inasmuch as it is now established
that evaporation and condensation are only attended with the
development of electricity when they cause decomposition.
However, as it is well ascertained that clouds are frequently
charged with opposite electricities, this part of the hypothesis
of Volta might be received without objection as a possibility.
But even admitting this, the hypothesis cannot be regarded as
more than an ingenious conjecture.

2257. The phenomena attending hailstorms.—In the absence
of any satisfactory explanation of the phenomenon, it is im.
portant to ascertain with precision and certainty the circums
stances which attend it, and the conditions under which it is
prodifeed.

It may then, in the first place, be considered as certain that
the formation of hail is an effect of sudden electrical changes
in clouds charged with vapour ; for there is no instance known
of hail which is not either preceded or accompanied by thunder
and lightning.

Before the fall of hail, during an interval more or less, but
sometimes of several minutes’ duration, a rattling noise is gene-

~ rally heard in the air, which has been compared to that pro-
duced by shaking violently bags of nuts.

Hail falls much more frequently by day than by mght
Hail clouds have generally great extent and thickness, as is
indicated by the obscuration they produce. They are observed
also to have a peculiar colour, a grey having sometimes a
reddish tint. Their form is also peculiar, theiy inferior surfaces
having enormous protuberances, and their edges being in-
dented and ragged.

These clouds are often at very low elevations. Observers
on mountains very frequently sce a hail cloud below them.

It appears, from an examination of the structure of hail-
stones, that at their centre there is generally an opaque nucleus,
resembling the spongy snow that forms slect. Round this is
formed a congealed mass, which is semi-transparent. Some-
times this mass consists of a succession of layers or strata.
These layers are sometimes all transparent, but in different
degrees. Sometimes they are alternately opaque and semi-

transparent.
{
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2258. Extraordinary examples of hailstones.— Extraordi-
nary reports of the magnitude of hailstones, which have fallen
during storms so memorable as to find a place in general bis-
tory, have come down from periods of antiquity more or less
remote. According to the Chronicles, a hailstorm occurred in
the reign of Charlemagne, in which hailstones fell which mea-
sured fifteen feet in length by six feet in breadth, and eleven
feet in thickness; and under the reign of Tippoo-Saib, hail-
stones equal in macrmtude to elephants are said to have fallén,
Setting aside these “and like recitals, as partaking rather of the
cbaracter of fable than of history, we shall.find sufficient .to-
create astonishment in well authentxcnted observations on tlns
subject.

In a hailstorm which took place “in Flintshire on the
9th April; 1697, Halley saw hailstones- which Welghed five
ounces.

" On 4th May, 1697, Robert Taylor saw fall hailstones mea-
suring fourteen inches in circumference.

In the storm which ravaged Como on 20th August, 1787,
Volta saw hailstones which weighed nine ounces.

" On 22d DMay, 1822, Dr. Noggerath saw fall- at Bonn hail-
stones which weighed from twelve to thirteen ounces.

It appears, therefore, certain that in different countries hail-
storms have occurred in which stones, weighing from half to
three quarters of a pound have fallen,

CHAP. IV.
ATMOSPHERIC ELECTRICITY.

2259. The air generally charged with positive electricity. —
_ The terrestrial globe which we inhabit is invested with an
ocean of air the depth of which is about the 200th part of its
diameter. It may therefore be conceived by imagining a4
coating of air, the tenth of an inch thick, investing a twenty
inch globe. This aerial ocean, relatively shallow as it is, at the
bottom of which the tribes of organized nature have thei~
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dwelling, is névertheless the theatre of stupendous electrical
phenomena.

Tt may be stated as-a general fact, that the atmosphere which
thus -covers the globe is charged with positive electricity,
which, acting by induction- on the superficial stratum of thé -
globe on wlnch it rests, decomposes the natural electricity, at-
tractmg the negative fluid to the surface and repelling ghe
positive fluid to the inferior strata. The globe and its atmo-
sphere may therefore be not inaptly compared to a Leyden
plial, the outer coating of which being placed in connexion
witli the primé conductor of a machine, is charged with positive
electricity, and the inner coating being in connexion with the
ground; is charged by induction with negative electricity. The
‘outer coating represents the atmosphere, and the inner the
superficial stratum of.the globe.’ .

2260. This state subject to variations and exceplzons.—
This normal state of the general atmospheric ocean is subject
to variations and exceptions, variations:of intensity and ex-
ceptions in quality or name. The variations are periodical and
accidental. The exceptions local, patches of the general at-
mosphere in which clouds float being occasionally charged with
negative electricity.

2261. Diurnal wvariations of electrical - intensity. — The
intensity of the electricity with which the atmosphere is
charged varies, in the course of twenty-four hours, alternately
increasing and decreasing. It begins to decrease at a few
minutes after sunrise, and continues to decrease, until two or
three o’clock in the afterncon, when it attaihs a minimum.
It then increases and continues to increase until some minutes -
after sunset, when, it attains a maximum. After that it a'gain
decreases, aftaining a minimum at a certain time in the night,
which varies in different places and different seasons, after
which it again increases and attains a maximum at a few mi-
nutes after sunrise.

In general, in winter, the electricity of the air is more intense
than in summer. :

2262. Observations, of Quetelet. — These were the general
results of the extensive series of observations on atmospheric
electricity made by Saussure. More recently. they have been
confirmed by the observations of M. Quetelet, which have been .
continued without interruption daily at the Observatory of

. D
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Brussels for thelast ten years. M. Quetelet found that the first -
maximum was manifested about 8 A.:., and the second about
9r.M. The minimum in the day was at 3 p.a. He found
also that the mean intensity was greatest in January and least
in June,

Such are the normal changes which the electrical condition
of the air undergoes when the atmosphere is clear and un-
clouded. When, however, the firmament is covered with clouds,
the electricity is subject during the day to frequent and irre-
gular changes not only in intensity but in name; the electri-
city being often negative, owing to the pressure of clouds over
the place of observation charged some with positive and some
with negative electricity.

2263. Irregular and local variations and exceptions, — The
intensity of the electricity of the air is also affected by the
scason of the year, and by the prevalent charactér and direction
of the winds; it varies also with the elevation of the strata,
being in general greater in the higher than in the lower regions
of the atmosphere. The intensity is generally greater in win-
ter, and especially in frosty weather, than in summer, and when
the air is calm than when winds prevail.

Atmospheric deposits, such as rain, hail, snow, &c., are some-
times positive and sometimes negative, varying with the direc-
tion of the wind. North winds give positive, and south winds
negative deposits. !

2264. Methods of observing atmospheric electricity. — The
electricity of the atmosphere is observed by erecting in it, to
any desired elevation, pointed metallic conductors, from the
lower extremities of which wires are carried to electroscopes of
various forms, according to the intensity of the electricity to be
observed. All the usual effects of artificial electricity may be
reproduced by such means ; sparks may be taken, light bodies
attracted and repelled, electrical bells, such as those described
in (1792), affected ; and, in fine, all the usual effects of the fluid
produced. So immediate is the increase of electrical tension
in rising through the strata of the air, that a gold leaf electro-
scope properly adapted to the purpose, and reduced to its natu-
ral state when placed horizontally on the ground, will show a
sensible divergence when raised to the level of the eyes.

2265. Methods of ascertaining the electrical condition of the
kigher strata. — To ascertain the electrical condition of strata
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too elevated to be reached by a fixed conductor, the extremity
of a flexible wire, to which a metalli¢ point is attached, is con-
nected with a heavy ball, which is projected into the air by a
gun or pistol, or to an arrow projected by a bow. The pro-
jectile, when it attains the limit of its flight, detaches the wire.
from the electroscope, which then indicates the electrical state of
the air at the highest point attained by the projectile.

The expedient of a kite, used with so -much success by
Franklin, Romas, and others, to draw electricity from the
clouds, may also ‘be adopted with advantage, more especially
in cases where the atmospheric strata to be examined are at a
considerable elevation.

2266. Remarkable experiments of Romas, 1757. — The vast
quantities of electricity with which the clouds are sometimes
charged were rendered manifest in a striking manner by the
well-known experiments made by means of kites by Romas in
1757. Tlie kite, carrying a metallic point, was elevated to the
strata in which the electric cloud floated. A wire was con-
nected with the cord, and carried from the pointed conductor
borne by the kite to a part of the cord at some distance from
the lower extremity, where it was turned aside and brought
into connexion with an electroscope, or other experimental
menns of testing the quantity and quality of the electricity with
which it was charged. Romas drew from the extremity of this
conducting wire not only strong electric sparks, but blades of fire
nine or ten feet in length and an inch in thickness, the discharge
of which was attended with a report as loud as that of a pistol.
In Jess time than an hour, not less than thirty flashes of this
magnitude and intensity were often drawn from the conductor,
besides many of six or seven feet and of less length.

2267. Electrical charge of clouds varies. — It has been
shown by means of kites thus applied, that the clouds are
charged some with positive and some with negative electricity,
while some are observed to be in their natural state. These
circumstances serve to explain some phenomena observed in
the motions of the clouds which are manifested in stormy wea-
ther. Clouds which are similarly electrified repel, and those
which are oppositely electrified attract each other. "Hence arise
motions among such clouds of the most oppoesite and compli-
cated kind. While they are thus reciprocally attracted and

1 repelled in virtue of the electricity with which they are charged,
2 ’
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they are also transported in various directions by the currents
which prevail in the atmospheric strata in which they float,
these currents often having themselves different directions.

2268. Thunder and lightning.—Such appearances are the
sure prognostics of a thunderstorm. Clouds charged with
contrary electricities affect each other by induction, and mutu-
ally attract, whether they float in the same stratum or in
strata at different elevations. When they come-within striking
distance, that is to say, such a distance that the force of the
fluids with which they are charged surpasses the resistance of
the intervening air, the contrary fluids rush to each other, and
an electrical discharge takes place, upon the same principle as
the same phenomenon on a smaller scale is produced when the
charges of the internal and external coatings of a Leyden jar,
overcoming the resistance of the uncoated part, rush together
and a spontaneous discharge is made.

The sound and the flash, the thunder and the lightning, are
only the reproduction on a more vast scale of the explosion and
spark of the jar.

The clouds, however, unlike the metallic coatings of the jar,
are very imperfect conductors, and consequently, when dis-
charged at one part of their vast extent, they preserve
elsewhere their electricity in its original intensity. Thus, the
first discharge, instead of establishing equilibrium, rather
disturbs it, for the part of the cloud which is still charged is
alone attracted by the part of the other cloud in which the
fluid has not yet been necutralized. Hence arise various and
complicated motions and variations of form of the clouds, and
a succession of discharges between the same clouds must take
place before the electrical equilibrium is established. This is
necessarily attended by a corresponding succession of flashes
of lightning and claps of thunder.

2269. Form and extent of the flash of lightning.—The form
of the flash in the case of lightuning, like that of the spark
taken from an electrified conductor, is zigzag. The doublings
or acute angles formed at the successive points when the flash
changes its direction vary in number and proximity. The
cnuse of this zigzag course, whether of the electric spark or of
lightning, has not been explained in any clear or satisfactory
manner, ‘ .

The length of the flashes of Jightning also varies; in some ¢
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cases they have been ascertained to extend to from two and a half
to three miles. It is probable, if nat certain, that the line of
light exhibited by flashes of forked lightning are not in reality
one continued line -simultaneously luminous, but that on the
contrary the light is developed successively as the electricity
proceeds in its course, the appearance of a continuous line of
light being an optical effect analogous to the continuous line of
light exhibited when a lighted stick is moved rapidly in a circle,
the same explanation being applicable to the case of lightning
(1143).

2270. Cuuses of the rolling of thunder.— As the sound of
thunder is produced by the passage of the electric fluid through
the air which it suddenly compresses, it is evolved progressively
along the entire space along which the lightning moves. But
since sound moves only at the rate of 1100 feet per second,
while the transmission of light is so rapid that in this case it
may be considered as practically instantaneous, the sound will
not reach the ear for an interval greater or less after the
perception of- the light, just as the flash of a gun is seen before
the report is heard (831).

By noting the interval, therefore, which elapses between the
perception of the flash and that of the sound, the distance of the
point where the discharge takes place can be computed approxi-
mately by allowing 1100 feet for every second in the interval,

But since a separate sound is produced at every point
through which the flash passes, and as these points are at dis-
tances from the observer which vary according to the position,
length, direction, and form of the flash, it will follow necessarily
that the sounds produced by the same flash, though practically
simultaneous, because of the great velocity with which the
electricity moves, arrive at the ear in comparatively slow suc-
cession. Thus, if the flash be transmitted in the exact direc-
tion in which the observer is placed, and its length be 11,000
feet, the distances of the points where the first and last sounds
are productd will differ by ten times the space through which
sound moves in one second. ‘The first sound will, therefore,
be heard ten seconds before the last, and the intermediate
sounds will be heard during the interval.

The varying loudness of the successive sounds heard in the
rolling of thunder proceeds in part from the same causes as the
varying intépsity of the light of the flash, But it may, perbaps,

» 3
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be more satisfactorily explained by the combination of the suc-
cessive discharges of the same cloud rapidly succeeding each
other, and combining their effects with those arising from the
varying distunces of different parts of the same flash.

2271. Affected by the zigzag form of lightning. — It appears
to us that the varying intensity of the rolling of thunder may
also be very clearly and satisfactorily explained by the zigzag
form of the flash, combined with the effect of the varying dis-
tance; and it seems extraordinary that an explanation so ob-
vious has not been suggested. Let A, B, G, D, fig. 672, be a

Fig. 672.

part of a zigzag flash seen by an observer at 0. Taking 0 as a
centre, suppose ares C ¢ and B b of circles to be drawn, with
o0 ¢ and 0 B as radii. It is clear that the points ¢ and ¢, and
B and b, being respectively equally distant from the observer,
the sounds produced there will be heard simultaneously, and,
supposing them equal, will produce the perceptidn of a sound
twice as loud as either heard alone would do. All the points on
the zigzag ¢ B ¢ b are so placed that three of them are equi-
distant from 0. Thus, if with 0 as centre, and 0 2 as radius,
a circular arc be described, it will intersect the path of the
lightning at the three points m, m/, and m”, and these three
points being, therefore, at the same distance from 0, the sounds
produced at them will reach the observer at the same moment,
and if they be equally intense will produce on the ear the same
effect as a single sound three times as loud. The same will be
true for all the points of the zigzag between ¢ and 6. Thus, in
this case, supposing the intensity of the lightning to be uniform
from A to D, there will be three degrees of loudness in the
sound produced, the least between A and ¢ and between b and
D, the greatest between ¢ and & along the zigzag, and the inter-
mediate at the points ¢ ¢ and B b.
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It is evident, that from the infinite variety of form and posi-
tion with relation to the observer, of which the course of the
lightning is susceptible, the variations of intensity of the roll-
ing of thunder which may be explained in this way have no
limit.

2272. Affected by the varying distance of different parts of
the flash,— Since the loudness of a sound diminishes as the
square of the distance of the observer is increased (844), it is
clear that this affords another means of explaining the varying
loudness of the rolling of thunder.

2278. Affected by echo and by interference.— As the rolling
of thunder is much more varied and of longer continuance in
mountainous regions than in open plane countries, it is, no
doubt, also affected by reverberation from every surface which
it encounters while capable of reflecting sound. A part there-
fore of the rolling must be in such cases the effect of echo.

It has been also conjectured that the acoustic effects are
modified-by the effects of interference (836).

2274. Inductive action of clouds on the earth.— A cloud
charged with electricity, whatever be the quality of the fluid or
the state of the atmosphere around it, exercises by induction
an action on all bodics upon the earth’s surface irmmediately
under it. It has a tendency to decompose their natural elec-
tricity, repelling the fluid of the same name, and attracting to
the highest points the fluid of a contrary name. The effects
thus actually produced upon objects exposed to such induction
will depend on the intensity and quality of the electricity with
which the cloud is charged, its distance, the conductibility of
the materials of which the bodies affected consist, their magni-
tude, position, and, above all, their form.

Water being a much better conductor than earth in any
state of aggregation, thunder clouds act with great energy on
the sea, lakes, and other large collections of water. ‘The flash
has a tendency to pass between the cloud and the water, just as
the spark passes between the conductor of an electric machine
and the hand presented to it. If the water were covered with
a thin sheet of glass, the lightning would still pass, breaking
through the glass, because, although the glass be a non-
conductor, it does not intercept the inductive action of the
cloud, any more than a thin glove of varnished silk on the

hand would intercept the spark from the conductor.
D4
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2275, Formation of fulgurites explained.—'This explains the
fact that lightning sometimes penetrates strata of the solid
ground under which subterranean reservoirs of water are
found. The water of such reservoirs is affected by the
inductive action of an electrified cloud, and in its turn reacts
upon the cloud as one coating of a Leyden jar reacts upon the
other. When this mutual action is sufficiently strong to over-
come the resistance of the subjacent atmosphere, and the strata
of soil under which the subterranean reservoir lies, a discharge
takes place, and the lightning penetrates the strata, fusing the
materials of which it is composed, and leaving a tubular hole
with a hard vitrefied coating. ‘

Tubes thus formed have been called fulgurites, or thunder
tubes.

2276. Accidents of the surface whick attract lightning.—
The properties of points, edges, and other projecting parts of
conductors, which bave been already stated (1776), will render
easily intelligible the influence of mountains, peaked hills, pro-
Jjecting rocks, trees; lofty edifices, and other objects, natural and
artificial, which project upwards from the general surface of the
ground. Lightning never strikes the bottom of deep and close
valleys. In Switzerland, on the slopes of the Alps and Pyre-
nees, and in other mountainous couuniries, multitudes of
cultivated valleys are found, the inhabitants of which know by
secular tradition that they have nothing to fear fvom thunder-
storms. If, however, the width of the valleys were so great as
twenty or thirty times their depth, clouds would occasionally
deseend upon them in masses sufficiently considerable, and light~
ning wouid strike.

Solitary hills, or elevated buildings rising in the centre of an
extensive plain, are peculiarly exposed to lightning, since there
are no other projecting objects near them to divert its course.

‘Trees, especially if they stand singly apart from others, are
likely to be struck. Being from their nature more or less im-
pregnated with sap, which is a conductur of electricity, they
attract the fluid, and are struck.

The effects of such objects are, however, sometimes modified
by the agency of unseen causes below the surface. The condi-
tion of the soil, subsoil, and even the inferior strata, the depth
of the roots and their dimensions, also exercise considerable
influence on the phenomenas, so that in the places where there
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is the greatest apparent safety there is often the greatest danger.
It is, nevertheless, 2 good general maxim not to take a posi-
tion in a thunderstorm either under a tree or close to an ele-
vated building, but to keep as much as possible in the open
plain.

2277. Lightning follows conductors by preference. — Its ef-

Jects on buildings.—Lightning falling upon buildings chooses by
preference the points which are the best conductors. It some-
times strikes and destroys objects which are non-conductors,
but this happens generally when such bodies lie in its direct
course towards conductors. Thus lightning has been found to
penetrate a wall attracted by a mass of metal placed within it.

Metallic roofs, beams, braces, and other parts in buildings,
arve liable thus to attract lightning. The heated and rarefied
air in chimneys acquires conductibility. Hence it happens
often that lightning descends chimneys, and thus passes into
rooms, It follows bell-wires, metallic mouldings of walls and
furniture, and fuses gilding.

2278, Conductors or paratonnerres for the protection of build-
ings.—The purpose of paratonnerres or conductors, erected for
the protection of buildings, is not to repel, but rather to attract
lightning, and divert it into a course in which it will be in-
noxious.

A paratonnerre is a pointed metallic rod, the length of which
varies with the building on which it is placed, but which is gene-
rally from thirty to forty feet. It is erected vertically over the
object it is intended to protect. From its base an unbroken
series of metallic bars, soldered or welded together end to end,
are continued to the ground, where they are buried in moist
soil, or, better still, immersed in water, so as to facilitate the
escape of the fluid which descends upon them. If water, or
moist s0il, cannot be conveniently found, it should be connected
with a sheet of metal of considerable superficial magnitude,
buaried in a pit’ filled with pounded charcoal, or, better still,
with braise.

The parts of a well-constructed paratonnerre are repre-
sented in fig. 673. The rod, which is of iron, is round at its
base, then square, and decreases gradually in thickness to the
summit. It is composed commonly of three pieces closely
Jjointed together,and secured by pins passed transversely through

them. In the figure are represented only the two extremities
D5
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of the lowest, and those of the intermediate piece, to avoid giving
inconvenient magnitude to the diagram. The superior piece, g,

3R

Fig. 673-

is represented complete. It is a rod of brass
or copper, about two feet in length, terminat-
ing in a platinum point, about three inches
long, attached to the rod by silver solder,
which is further secured by a brass ferule,
which gives the projecting appearance in
the diagram below the point.

Three of the methods, reputed the most
efficient for attaching the paratonnerre to
the roof, are represented in fig. 674., at p, {,
and £ At p the rod is supported against a
vertical piece, to which it is attached by stir-
rups; at Z it is bolted upon a diagonal
brace; and at f'it is simply secured by bolts to
a horizontal beam through which it passes.
The last is evidently the least solid method
of fixing it.

The conductor is continued downwards
along the wall of the edifice, or in any other
convenient course, to the ground, either by
bars of iron, round or square, or by a cable of
iron or copper wires, such as is sometimes
used for the lighter sort, of suspension
bridges. This is attached, at its upper ex-
tremity, to the base of the paratonnerre by '
a joint, which is hermetically closed, so as
to prevent oxydation, which would produce
a dangerous solution of continuity.

To comprehend the protective influence of
this apparatus, it must be considered that the
inductive action of a thunder-cloud decom-
poses the natural electricity of the rod more

n energetically than that of surrounding ob-

jects, both on account of the material and the
form of the rod (1776). The point becoming

surcharged with the fluid of a contrary name from that of the
cloud suspended over it, discharges this fluid in a jet towards
the cloud, where it combines with and neutralizes an equal
quantity of the electricity with which the cloud is charged, and,
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by the continuance of this process, ultimately reduces the cloud
to its natural state.

Fig.674.

It is therefore more correct to say that the paratonnerre
draws electricity from the ground and projects it to the cloud,
than that it draws it from the cloud and transmits it to the
earth.

It is evidently desirable that all conducting bodies to be pro-
tected by the paratonnerre should be placed in metallic con-
nexion with it, since in that case their electricity, decomposed
by the inductive action of the clouds, will necessarily escape by
the conductor either to the earth or to the cloud by the point.

It is considered generally that the range of protection of a
paratonnerre is a circle round its base, whose radius is two or
three times its length. *

2279. Effects of lightning on bodies which it strikes. — The
effects of lightning, like those of electricity evolved by artificial
means, are threefold, physiological, physical, and mechanical.

When lightning kills, the parts where it has struck bear the
marks of severe burning; the bones are often broken and
crushed as if they had been subjected to violent mechanical
pressure. When it acts on the system by induction only, which
is called the secondary or indirect shock, it does not immediately
kill, but inflicts nervous shocks so severe as sometimes to leave
effects which are incurable.

The physical effects of lightning produced upon conductors
is to raise their temperature. This elevation is sometimes so

G
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great that they are rendered incandescent, fused, and even
burned. This happens occasionally with bell-wires, especially
in exposed and unprotected positions, as in courts or gardens.
The drops of molten metal produced in such cases set fire to
any combustible matter on which they may chance to fall.
‘Wood, straw, and such non-conducting bodies are ignited gene-
rally by the lightning drawn through them by the attraction of
other bodies near them which are good conductors.

The mechanical effects of lightning, the physical cause of
which has not been satisfactorily explained, are very extra-
ordinary. Enormous masses of metal are torn from their sup-
ports, vast blocks of stone are broken, and massive buildings
are razed to the ground.

2280. The Aurora Borealis — the phenomenon unexplained.
— No theory or hypothesis which has commanded general ac-
ceptation, has yet been suggested for the explanation of this
meteor. All the sppearances which attend the phenomenon
are, however, electrical ; and its forms, directions, and positions,
though ever varying, always bear a remarkable relation to the
magnetic meridians and poles. Whatever, therefore, be its
physical cause, it is evident that the theatre of its action is the .
atmosphere ; that the agent to which the development is due
is electricity, influenced in some unascertained manner by ter-
restrinl magnetism. In the absence of any satisfactory theory
for the explanation of the phenomenon, we shall confine our-
selves here to a short description of it, derived from the
most extensive and exact series of observations which have been
made in those regions where the meteor has been seen with the
most marked characters and in the greatest splendour.

2281. General character of the meteor. — The aurora bore-
alis is a luminous phenomenon, which appears in the heavens,
and is seen in high latitudes in both hemispheres. The term
aurora borealis, or northern lights, has been applied to it be-
causc the opportunities of witnessing it are, from the geogra-
pbical character of the globe, much more frequent in the
northern than if the southern hemisphere. The term aurora
polaris would be a more proper designation.

This phenomenon consists of luminous rays of various colors,
issuing from every direction, but converging to the same point,
which appear after sunset generally toward the north, occasion-
ally toward the west, and somectimes, Dut rarely, toward the
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gouth. It frequently appears near the horizon, as a vague and
diffuse light, something like the faint streaks which harbinger
the rising sun and form the dawn. Hence the phenomenon has
derived its name, the northern morning. Sometimes, however,
it is presented under the form of a sombre cloud, from which
luminous jets issue, which are often variously coloured, and illu-
minate the entire atmosphere.

The more conspicuous auroras commence to be formed soon
after the close of twilight. At first a dark mist or fogg
cloud is perceived in the north, and a little more brightness
towards the west than in the other parts of the heavens. The
mist gradually takes the form of a circular segment, resting at
each corner on the horizon. The visible part of the arc soon
becomes surrounded with a pale light, which is followed by the
formation of one or several luminous arcs. Then come jets and
rays of light variously coloured, which issue from the dark
part of the segment, the continuity of which is broken by
bright emanations, indicating a movement of the mass, which
seems agitated by internal shocks, during the formation of
these luminous radiations, that issue from it as flames do
from a conflagration. When this species of fire has ceased,
and the aurora has become extended, a crown is formed at the
zenith, to which these rays converge. From this time the
phenomenon diminishes in its intensity, exhibiting, never-
theless, from time to time, sometimes on one side of the
Leavens and sometimes on another, jets of light, a crown and
colours more or less vivid. Finally the motion ceases, the
light approaches gradually to the horizon; the cloud quitting
the other parts of the firmament settles in the north. The
dark part of the segment becomes luminous, its brightness
being greatest near the horizon, and becoming more feeble
as the altitude augments until it loses its light altogether.,

The aurora is sometimes composed of two luminous seg-
ments, which are concentric, and separated from each other by
one dark space, and from the earth by another. Sometimes,
though rarely, there is only one dark segment, which is sym-
metrically pierced round its border by openings, through which
Jight or fire is seen.

2282, Description of auroras seen in the polur regions by
M. Lottin. — One of the most recent and exact descriptions
of this meteor is the following, supplied by M. Lottin, an officer
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of the French navy, and a member of the Scientific Commis-
sion, sent some years ago to the North Seas. Between Sep-
tember 1838 and April 1839, this savant observed nearly 150
meteors of this class. They were most frequent from the 17th
November to the 25th January, being the interval during
which the sun remained constantly below the horizon. During
this period there were sixty-four auroras visible, besides many
which a clouded sky concealed from the eye, but the presence
of which was indicated by the disturbances they produced
upon the magnetic needle.

The succession of appearances and changes presénted by
these meteors are thus described by M. Lottin : —

Between four and eight o'clock, p. M., a light fog, rising to
the altitude of six degrees, became coloured on its upper edge,
being fringed with the light of the meteor rising behind it.
This border becoming gradually more regular took the form of
an are, of a pale yellow colour, the edges of which were diffuse,
the extremities resting on the horizon. This bow swelled
slowly upwards, its vertex being constantly on the magnetic
meridian. Blackish streaks divided regularly the luminous
arc, and resolved it into a system of rays; these rays were
alternately extended and contracted ; sometimes slowly, some-
times instantaneously ; sometimes they would dart out, in-
creasing and diminishing suddenly in splendour. The inferior
parts, or the feet of the rays, presented always the most vivid
light, and formed an arc more or less regular. The length of
these rays was very various, but they all converged to that
point of the heavens indicated by the direction of the southern
pole of the dipping needle. Sometimes they were prolonged to
the point where their directions intersected, and formed. the
summit of an enormous dome of light.

The bow then would continue to ascend toward the zenith:
it would suffer an undulatory motion in its light — that is to
say, that from one extremity to the other the brightness of the
rays would increase successively in intensity. This luminous
current would appear several times in quick succession, and it
would pass much more frequently from west to east than in the
opposite direction. Sometimes, but rarely, a retrograde motion
would take place immediately afterward; and as soon as this
wave of light had run successively over all the rays of the
aurora from west to east, it would return, in the contrary di-
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rection, to the point of its departure, producing such an effect
that it was impossible to say whether therays themselves were
actually affected by a motion of translation in a direction nearly
horizontal, or if this more vivid light was transferred from ray
to ray, the system of rays themselves suffering no change of
position. The bow, thus presenting the appearance of an alter-
nate motion in a direction nearly horizontal, had usually the
appearance of the undulations or folds of a ribbon or flag agi-
tated by the wind. Sometimes one and sometimes both of its
extremities would desert the horizon, and then its folds would
become more numerous and marked, the bow would change its
character, and assume the form of a long sheet of rays returning
into itself, and consisting of several parts forming graceful
curves. The brightness of the rays would vary suddenly, some-
times surpassing in splendour stars of the first magnitude;
these rays would rapidly dart out, and curves would be formed
and developed like the folds of a serpent; then the rays would
affect various colours, the base would be red, the middle green,
and the remainder would preserve its clear yellow hue. Such
was the afrangement which the colours always preserved; they
were of admirable transparency, the base exhibiting blood-red,
and the green of the middle being that of the pale emerald;
the brightness would diminish, the colors disappear, and all
be extinguished, sometimes suddenly, and sometimes by slow
degrees. After this disappearance, fragments of the bow would
be reproduced, would continue their upward movement, and
approach the zenith; the rays, by the effect of perspective,
would be gradually shortened ; the thickness of the arc, which
presented then the appearance of a large zone of parallel rays,
would be estimated; then the vertex of the bow would reach
the magnetic zenith, or the point to which the south pole of the
dipping needle is directed. At that moment the rays would be
seen in the direction of their feet. If they were coloured, they
would appear as a large red band, through which the green
tints of their superior parts could be distinguished ; and if the
wave of light above mentioned passed along them, their feet
would form a long sinuous undulating zone ; while, throughout
all these changes, the rays would never suffer any oscillation in
the direction of their axis, and would constantly preserve their
mutual parallelisms,

While these appearances are manifested, new bows are
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formed, either commencing in the same diffuse manner, or
with vivid and ready-formed rays: they succeed each other,
passing through nearly the same phases, and arrange them-
selves at certain distances from each other. As many as nine
have been counted, forming as many bows, having their ends
supported on the earth, and, in their arrangement, resembling
the short curtains suspended one behind the other over the
scene of a theatre, and intended to represent the sky. Some-
times the intervals between these bows diminish, and two or
more of them close upon each other, forming one large zone,
traversing the heavens, and disappe'lring toward the south,
becomm«r rapidly feeble after passing the zenith. But some-
times, also, when this zone extends over the summit of the
firmament from east to west, the mass of rays which have
already passed beyond the magnetic zenith appear suddenly to
come from the south, and to form with those from the north the
real boreal corona, all the rays of which converge to the zenith.
This appearance of a crown, therefore, is doubtless the mere
effect of perspective; and an observer, placed at the same
instant at a certain distance to the north or to the south would
perceive only an are.

The total zone, measuring less in the direction north and
south than in the direction east and west, since it often leans
upon the earth, the corona would be expected to have an ellips
tical form ; but that does not always happen: it has been seen
circular, the unequal rays not extending to a gleater distance
than from eight to twelve degrees from the zenith, while at
other times they reach the horizon,

Let it, then, be imagined, that all these vivid rays of llnrhc
issue forth with splendour, subject to continual and sudden
variations in their length and brightness; that these beautiful
red and green tints colour them at intervals; that waves of
light undulate over them ; that currents of light succeed each
other ; and, in fine, that the vast firmament presents one im.
mense and magnificent dome of light, reposing on the snow-
covered base supplied by the ground — which itself serves as a
dazzling frame for a sea, calm und black as a pitchy lake —and
gome idea, though an imperfect one, may he obtained of the
splendid spectacle which presents itself to him who witnesses
the aurora from the bay of Alten.

The corona, when it is formed, only lasts for some miuvutes :
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it sometimes forms suddenly, without any previous bow. There
are rarely more than two on the same night ; and many of the
auroras are attended with no crown at all.

The corona becomes gradually faint, the whole plhenomenon
being to the south of the zenith, forming bows gradually,
paler, and generally disappearing before they reach the south-
ern horizon. All this most commonly takes place in the first
half of the night, after which the aurora appears to have lost
its intensity: the pencils of rays, the bands and the frag-
ments of bows, appear and disappear at intervals; then the
rays become more and more diffused, and ultimately merge
into the vague and feeble light which is spread over the
Leavens grouped like little clouds, and designated by the name
of auroral plates (plaques aurorales). Their milky light {re-
quently undergoes striking changes in its brightness, like mo-
tions of dilatation and contraction, which are propagated
reciprocally between the centre and the circumference, like
those which are observed in marine animals called Medusz,.
The phenomena become gradually more faint, and generally
disappear altogether on the appearance of twilight. Some-
times, however, the aurora continues after the commencement
of daybreak, when the light is so strong that a printed book
may be read. It then disappears, sometimes suddenly ; but it
often happens that, as the daylight augments, the aurora be-
comes gradually vague and undefined, takes a whitish colour,
and is ultimately so mingled with the cirrho-stratus clouds that
it is impossible to distinguish it from them.

Some of the appearances here described are represented in
figs. 675, 676, 677, 678., copied from the memoir of M. Lottin.
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ASTRONOMY.

CHAPTER I

METHODS OF INVESTIGATION AND MEANS OF OBSERVATION.

. 2283. The solar system. — The earth, which in the economy of
the universe has become the habitation of the races of men, isa
globular mass of matter, and one of an assemblage of bedies of
like form and analogous magnitude which revolve in paths
neurly circular round a common centre, in which the sun, a
globe having dimensions vastly greater than all the others, is
established, maintaining physical order among them by his pre-
dominant attraction, and ministering to the well-being of the
tribes which inhabit them by a fit and regulated supply of light
and heat.

This group of bodies is the SOLAR SysTEM. :

2284. The stellar universe.— In the vast regions of space
which surround this system other bodies similar to the sun are
placed, countless in number, and most of them, according to all
probability, superior in magnitude and splendour to that lumi-
nary. With these bodies, which seem to be scattered through-
out the depths of immensity without any discoverable limit, we
acquire some acquaintance by the mere powers of natural
vision, aided by those of the understanding ; but this knowledge
has received, especially in modern times, prodigious extension
from the augmented range given to the eye by the telescope,
and by the great advances which have been made in mathe-
matical science, which may be considered as conferring upon
the mind the same sort of enlarged power as the telescope has
conferred upon the eye,
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2285. Subject of astronomy-—origin of the name.— The
investigation of the magnitudes, distances, motions, local arrange-
ments, and, so far as it can-be ascertained, the physical con-
dition of these great bodies composing the UNIVERSE, constitutes
the subject of that branch of science called AsTRONOMY, a term
derived from the Greek words asryp (aster), a star (under which
all the heavenly bodies were included), and »opoc (nomos), a
LAW — the science which expounds the Laws which govern the
motions of the Stars,

29286. It treats of inaccessible objects. — It is evident, there-
fore, that astronomy is distinguished frém all other divisions of
natural science by this peculiarity, that the bodies which are the
subjects of observation and enquiry are ail of them INACCES-
sisLE. Even the earth itself, which the astronomer regards as
a celestial object — an aornp,—is to him, in a certain sense,
even more inaccessible than the others; for the very fact of his
place of-observation being confined strictly to its surface, an
insignificant part of which alone can be observed by him at any
one moment, renders it impossible for him to examine, by direct
observation, the earth As A WHOLE — the only way in which he
desires to consider it,—and obliges him to resort to a variety
of indirect expedients to acquire that knowledge of its dimen-
sions, form, and motions which, with regard to other and more
distant objects, results from direct and immediate observation.

2287. Ilence arise peculiar methods of investigation and
peculiar instruments of observation. — This circumstance of
having to deal exclusively with inaccessible objects has obliged
the astronomer to invent peculiat modes of reasoning and pe-
culiar instruments of observation, adapted to the solution of
such problems, and to the discovery of the necessary data.
Much needless repetition will then be saved by explaining once
for all, with as much brevity as is compatible with clearness,
the most important classes of those problems which determine
the circumstances of each particular celestial object, and by de-
scribing the principal instruments of observation by which the
necessary data are obtained.

2288. Direction and bearing of wvisible objects.— The eye
estimates only the direction or relative bearings of objects
within the range of vision, but supplies no direct means of
determining their distances from each other, or from the eye
itself (1168, et seq.).
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The absolite direction of a visible ohject i is that of a straight
lme drawn from the eye to the object..

_ The relative direction or bearing of an object is determined

by the angle formed by the absolute direction with some other
fixed or known direction, such as that of a line drawn to the
north, south east, or west,

2289. They supply the means of ascertaining the distances
and positions of inaccessible objects. — By comparing the rela-
tive bearings of inaccessible objects, taken from two or more
accessible points whose distance from each other is known, or
can be ascertained by actual measurement, the distances of such
inaccessible objects from the accessible objects, from the ob-
server, and from each other, may be determined by computation.
Such distances being once known, become the data by which
the mutual distances of other inaccessible objects from the
former, and from each other, may be in like manner computed ;
8o that, by starting in this manner from two objects whose mu-
tual distance can be actually measured, we may proceed, by a
chain of computations, to determine the relative distances and
positions of all other objects, however inaccessible, that fall
within the range of vision.

. 2290. Angular magnitude— its importance. — It will be ap-
parent, therefore, that ANGULAR MAGNITUDE plays a most pro-
minent part in astronomical ' investigations, and it- as, before
all, necessary that the student- should be rendered familiar
with it. . Y.

2291. Division of the circle — its nomenclature. — A circle is
divided into four equal arcs, called quadrants, by two diameters
A4’ and BB’ intersecting at right angles
at the centre C, fig. 679.

The circumference being supposed to
be divided into 360 equal parts, each of
which is called a DEGREE, a quadrant will

8 ® consist of 90 degrees.
Angles are subdivided in the same man-
ner as the arcs which measure them, and
ry * accordingly a right angle, such as acs,
Fig. 679. being divided into 90 equal angles, each

of these is a DEGREE.
If an angle or arc of one degree be divided into 60 equal
parts, each of these is called a MINUTE.
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If an angle or arc of one minute be divided into 60 equal .
parts, each such part is called a sEconp.

Angles less than a second are usually expressed in- dccunal
parts of a second.

Degrees, mmutes, and seconds are usually expressed by the
signs, °, %, 3 thus, 25° 30" 40’9 means an angle or are which
measures 25 degrees, 30 mmutes, 40 seconds, and 9-10ths of a
second,

The letters m and s have sometimes been used to express
minutes and seconds; but since it is frequently necessary to
express TIME as well as SPACE, it will be more convenient to
reserve these letters for that purpose. Thus, 25" 30™ 40™9
expresses an interval of time consisting of 25 hours, 30 minutes,
40 seconds, and 9-10ths of a second.

2292. Relative magnitudes of arcs of 1° 1/, and 1", and the
radius.—1It is proved in geometry that the length of the en-
tire circumference of a circle whose radius is expressed by 1000
exceeds-6-283 by less than the 5000th part of the radius. As
the exact length of the circumference does not admit of any
numerical expression, it will therefore be sufficient for all prac-
tical purposes to take 6:283 to express it.

If d, m, and s express respectively the actual lengths or
linear values of a degree, a mmute, and a second of a circle the
length of“whose radius is expressed by r, we shall therefore
have the*following numerical relations between these several
lengths : —

60 x s=1m, 60 xm=d, = 3600 xs=d,
360d == 62837, . 360 x60x m=21600 x m=6283 x r,
21600 X 60 x s=1296000.x s=6-288 r; *

and from these may be deduced the following:
r=>573 x d=3437"8 x m=206265 x s.

By these formule respectively the length of the radius may
be computed when the linear value of an arc of 1°, 1°, or 17 is
known.

In like manner, if the length of the radius » be given, the
linear value of an arc of 1°, 1/, or 1” may be computed by the
formula

o
206265 <"

1
d=_——xm m:.-gr_.__-xr,
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2293, The linear and, angular magnitude of an are. ~—By
the linear magmtude of an arc is to be understood its actual *
length if* extenﬂed i 'r'str:ug‘ht line, or the number -expressing
its lenoth in umts Qf ‘some knowt -modulys of Ipngth such as
an mclz a j’oot,) 6t mile. - Byits “angular mignitade is*to be
understood the ;m«fe formed ~by 4o -Jines or radii drawn to its
extnemmes fx:om the ce;mfe nf ﬂ)Q qfc‘lc’@f' 'wlnoh it forms a
part, -0r:'the number‘ explqssmfr the mhonn‘ude of thiis angle”
in angular units of knbwn, “Yahue; " as der’trees, minutes, and
seconds.

2294. Of the three following quantities—>-the linear value gf*
an are, its angular vakue, and: the leigth % the radius,—any
two being given,” the third ‘may..be'compited. — . Let a ex+
press the angular and & the, lmear value»—of the arcy and 7 the
mdlus

1°. Let a and a:be given to compute . B¥ Qdividing @ by «
awe shall find the linear value of 1° 1’, or 3 nccolﬂmg as a is
" . expressed in dérrrees, mmutes or seconds,”and & Wnay then-be
computed= b‘y{2293_). “Fhus, aceordmg'm-the anﬂul&l umts in
whu,h a is expresged, e shall have -

2 EesTizaily 2igtg =y 96'765“’

22 Lo anil .rbe fgu #n" twcompu‘té’ & - ‘By (2,93) the lme'u'
n’lues af 19, .1,, or )’ 'm’ty be Coliputed, sincé ras glven,and by
dmdmg a’by one or ofher of these. values a"Wwill be found thus
we §lmll bave .

AR T a
a '-r—‘**—ﬂ» el i A S vy
R ¢ S W m'}m .,;;. - :‘?.} vao‘;‘,x’”‘

3. Let a and‘ r be d’weﬁ £ campnte ‘1. ..%’(2‘793), as befme
the linear values of 1°, 1% o 1™ nray. be*:f’oux , andiby mul‘nply-
ing one or atlier of-these by, h the va‘lue-a't a, will be ‘obtained.
Thus yve eball have L Sl

. _”« ).(' - "

a= 573 '. _343- >{~=rx. 206965er“

. 2295.° lee an‘"” a cord aml tf e sihé ma ay e considered as
qqual when the anylg s .s‘mﬂll —If A.C B,ﬁg 680., be the angle,
»B t'heoar,c, and-a =4 R the radlus, a line A D drawn from one
extremlty of thefmc gerpcn¢1|qula1 to the radius A B, through
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the other extremlty, is called its sine ; and the
»Straight line A B JOlng the extlemmes of the
arc is called its reord, - i
*+ 16 will'be evident: -by mer.ely drawmo‘ the
* diagram Vith'-4, gra&uolly' dccre'usmg .angle,
that tie, thrge” lenn'ﬁrs, ‘tlit-stne-4 b, - the cord
' A’B, ‘and ¥he aré A*p, Wlﬂ approach to equahty
T ay the zu‘o dmm)xshe;.. +Even _where the-arc is
50 large as 30°;it*ddes not exceed the length
.of th cord by fhore than three-tenths of a
_ degiee 7-and therefore, for all angles less than
glns, the “cord and arc may be conSIdered as
«equal svhere thé most extrefne precision is not
. required. .
A In like ménner, if the angle A ¢B be 15%
A the sine A D will be less thqn the arc by only
. “Fig+680."  two-tenths of“n degrge, ‘that is, by the 75th
-part’ of the entire léngth of thetarc. In -all tases, therefore,
where gréater pneclsion than this s iot reqmred, the sine A D,
tlie..cord, and tLe’ JATC HIAY ‘be COI\SldCl.ed {or such angles ‘as
mtelchangeable'. ay .
When the angles arg & 50 §mull S ‘4 déjréeror §wo, these. quan-
tities thay Tor all plactleal' purposos be eons;dergﬂato be };qual. .
2296, Ty ascertain’the distances of ai ‘Tnuccessible o]gect  from*
two acaessible statzoizs.-—’.l‘hls&vxhlch is 4 problems of the highdst
lmportance, “bemﬂ' infact the basis of gll the- rgnowledve we,
possess of the dnst’lgces1 dxmonsmns,and &notloneoof the gr eat
bodles of the universe, adniits of easy solutlon. -
4. -dh‘.' et's and’s, g 681 be fhe t\vo sta-
TN tions, and @ thelabject, SoF observatloti’~
! and 18t $he visual angles subtended by o
A7 and ‘¢ at s;and by o.and % at &, be ob-
. servedyand the: dlstzmce sl meaéured
I "l Take.a line'sy, consxstmv of as many
‘t. mches a8 ﬂ)er% arg mﬁep in-s s and
dpaw, £Wo lings’ §6.a0d s'o fronf.d and s,
- makmg‘ With s the ssme angles as 0
s s’ ‘and" 80 are dscer tained. by ebservation,
Fig. 681. . to make with ¢ 8% % Ih that'case the, tri-
angle sos’ will be in all respects mmﬂar;o the‘tmangle sos.only

drawn on o smaller scale, an iech in any of its$iés corresponding
L R E
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to a mile in one of the sides of the great triangle sos. If the
sides s0 and s’ o be therefore measured, they will consist of as

many inches as thére' are miles in the corresponding sides s0
and ' 0 of the great triangle, Now, sineé the small triangle is
n]yvays accessible to duect measuremeht, ‘and as the relation of
its scale to that of the .great triangle is Lnowm the magnitude
of the sldes of the great triangle mpay be ascertamed:

" Wjthouf, being identical jn its detual details with the process
by Wlu.ch this prgblem is solved ‘the precedmg -vehsoning is the
sahie m pzinmpl& and spmt.. Tngonometncal tables supply
thiich’ more srcurate” means of determuung the- p’raptn tion of
the. sndea of the triangle, hut. such- tables" are hothma miore than
-the amthmetwa}-represeht'ttwn ‘of such diagrame m\ﬁg\68l

2291, Case’in whick: the distanté qf the oli]{:ét wgre cat re-

“ ldtwely o the dlsta?’zce betwem ‘the: \{ta(wfl&é—-lf' in this case
the. st;ftlon» Be 3¢° selected w:th fefe)‘énce to thie object that
the. -d)rpctmns Jef- the -ObJBQt; ag--seen “from ~ fhem ghall form
anfrIes withi theé’ Yire Jojining: the stanotls svhich shall Yi¢"equal
oxv’nbavly 0" this" latter’ ]me- .be” conmdere‘gr as-the- cord
of the: m‘c .descrrbed, \v1th tbe quees'a& .wcentre. 4nd> fhe dis-
tance ns..a radms, amf it .th,é dlmchon of. the objecf from

o, % - . Feitlier station be 4t right angles to th‘e Tine j joining
tb.e htatms~ this latter line may “be consxdered as

" the siiie -of “thie ave.- In cxther oase, the' distance

“of t‘bﬂ ‘ob;éot bezmng a“high rdtio’ ty’the distance

bet)veen the'stat;ons, the' ande formed by the two

-y dlrectums af. the bbject, a8 seen fmni the stations,
will-be' SQsmall t{mt the cbrd or’ sme may be con-

sxdered as equal, “tn ‘the  ares and th Bo%utlon of

i the problem wifl- be .snm_ph_ﬁed B ﬂle principles

- estabhshbam (2299) ) .

. & B _Let s '\nd,s ﬁg 682 s be ﬂ)e s{atlons,‘and o the
- ~object; under the’ conditions swpposed the angle o
will necessarily f)g small. ~ Its mlagnitude may be

. ascertmned by meaSuring the v15uaI angles o088’

s and os sz , which’ mayquon,e, smoe 'both stations §

. and ¥ dre accessxble( and ecaeh of* them is visible

.\: from the m’hey., By a well-knawn pnnclple esta-

7% Blighed n e]emeﬁtary geometry, the three angles

Fig. 652 . of every trxangla. added, together ma‘ke.'ls*()" If,
therefore, the 'sum of the: twd, observed ahgle& at s and ' be

I3
.
4
v
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subtracted from 180°, the remainder will be the angle 0. Now
if this angle be expressed by « in seconds, we shall have
(2294)

< e 1"’

s0 = SS’ '206365 .

2298. Given the apparent distancd between “two’distant 6h-
Jects, suck; dcs(ance being at right a7lgl¢s, or nearly so, ‘tg their
visual dtrecthfs, arid their "distance from the .obsefver,. lo Sfind
the actual-distance between thpm.—;—-’l‘lns—ﬁro‘lﬂem Js’only 2-par-
ticular, apyilca.twn -of éhe" goneml prmmple expfamed'm {2294‘),
@ bemg the app:irzem, distance *of- 4l ob;ects, a; e reat’ lig-
tance’ bebween theny, ‘ind = thefr. distdnde from’ ‘thié obServere:

This metho«} -y be apphed “withqut practical error, 3 thie
appmzntrdxstance hetwpen ‘the! ‘oljects:bé noy greater flina twor ,
or thret, Jegrécs;angd it.may’ 'be used a5 rouf"b 'approximatlon
in cases nvﬁéf‘e, ‘the up‘parent dlstance ‘ta eyen $6. great as, 30°,
When the appdient istange® amguma"to 50"thuch Ws760°, the
actual- dlst:mee oompnt,ec_}, i, Uns'way wﬂl’ o éxoeed tie true
distanée, byvno\ré than,a 23th ot of fts. whblé 'nmotmt s for the
cord of 60° is. equal to thq r‘ad:ug;b:gd the) efore o an-arc df 57°:3
being Ie&s shan thé dre B only 27, of aboit-a 24tlL patt of “ofiits
length, * |

2299, Giver:, die appareht dzungetrr qf & qﬂuzm'al objest and
its distance froui Ohe obaem)er, Jo ‘ﬂm? ¥s.real diameter2This is
also a pftmcula? a’ppﬁi:unon of the gt;neral problem (2294),; @
being the apparent dmmete; und & Hié d‘xst't,noe, and In dlf cases
which ocowr it “asttonomy: the: ‘aj,',galm ‘diametots ave so-gmall
that the ‘resudts of «the computntmn m_py be ch‘sxdewd ps pex-
fectly exact, ° ARG

2300. ,Meﬂzm?s Qf u&cbrt{muny P the. Ezrechon - a- m‘méla and
distant ebjedt. — It migliy qppear an, easy matten t.a qbserve the.
exacts direction of’any point plaged within the* hn«e‘of )nsmn,
since thai' didection must be “that of o strmghi‘lmé.pasgiug- di-
rectly from;thé eye of, tbe ‘observer to ths ] poiny fo ber obkerved,
If the eye' wre -supplied” with thé appen&agos pecessary to
record and réasure the du‘ectlons of #istble. objécts;-Ehis would
be true, nnd the oipan of Sight vzoutd he i fact:§ philostphical
instrument, ' "Ehe éye is, howeve.r, adapted to other and, different
uses, and qonsth; ged to: playt g differend part in thé animal
economy ¢ and invértion' Fas- been stimalated td* 3upply expe-
dients, by nreans ¢f which the exact diregtions of visible distant
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points can be ascertained, observed, and compared one with
another, so as to supply the various data necessary in the classes
of problems which have just been noticed, and others which we
shall have occasion hereafter to advert to.

2301, Use of sights. — The most simple expedient by which
the visual direction of a distant point can be determined is by
SIGHTS, which are small holes or narrow slits made in two thin
opaque plates placed at right angles, or nearly so, to the line of
vision, and so arranged, that when the eye is placed behind
the posterior opening the object of observation shall be visible
through the anterior opening. Every one is rendered familiar
with this expedient by its application to fire-arms as a method
of “taking aim.’

This contrivancé 1s, héw ever, too rude and susceptible of
error within too w1de hm;ts, to be available for astronomical
purposes.

2302. Application of the telescope to indicate the visual di-
rection of micrometric wires.—The telescope (1212) supplies
means of determining the direction of the visual ray with all
the necessary precision.

If T, fig. 683., represent the tube of a telescope, T the ex-

7
- Qe
Y}

Fig. 683, .
tremity in which the object-glass is fixed,'and 7’ the end where
the images of distant objects to which the tube is directed are
formed, the visual direction of any object will be that of the
line s’¢ drawn from the image-of such object formed in the
JSield of view of the telescope to the centre ¢ of the object-glass,
for if this line be continued it will pass through the object s.

But since the field of ;éfew of the telescope is a circular space
of definite extent, within whi¢h many objects in different di-
rections may at thé same time be visible, some expedient is
necessary by which-one or-more fixed points in'it may be per-
manently marked,” or -by which the.efitire field may be spaced
out as a map is by the. lines of latitude’ und longitude.

This is accomplished by a system of ﬁbres, or wires (38) so
thin that even -when magnified they will appear like hairs.
These are extended in a frame fixed within the eye-piece of the
telescope, 80 that they appear when seen through the eye-glass
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like fine lines drawn across the field of view. They are diffe-
rently arranged, according to the sort of observation to which
the instrument is to be applied.

2303. Line of collimation.—In some cases two wires inter-
sect at right angles at the centre of the field of view, dividing
it into quadrants, as represented in fig. 679. The wires are so
adjusted that their point of intersection ¢ coincides with the
axis of the telescopic tube; and when the instrument is so
adjusted that the point of observation, a star for example, is
seen precisely upon the intersection ¢ of the wires, the line of
direction, or visual ray of that star, will be the line s’c, fig.683.,
Jjoining the intersection ¢, fig.679., of the wires with the centre
¢, fig. 683. of the obJect-glass.

The line ¢ ¢, fig. 683., is techmc’a]br c'llled the line of col-
limation.

2304. Application of the telescbpe to d-graduated instrument.
—-The telescope thus prepared is attached to a graduated
instrument by which angular magnitudes can be observed and
measured. Such instruments vary infinitely in form, mag-
nitude, and mode of mounting and adjustment, according to
the plifposes to which they are applied, and to the degree of
precision necessary in the observations to’be made with them.
To explain and illustrate thé general prmc;ples on which they
are constructed we shall' take the example of one, which
consists of a complete circle graduated in thé usval manner,
being the most common form of instrument used'in astronomy
for the measurement of-ingular distances.

Such an apparatus is 1epresented. in fig. 684. The circle

ABCD, on which the divisions of the gm(ﬁm’uon are 'xccurately

" engraved, is connected with its centre by a senes of spokes
E§
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xzyz At its centre is a circular hole, in which an axle is
inserted so as to turn smoothly in it, and while it turns to be
always concentric with the circle ABcp. To this axle the
telescope @ b is attached in such a manner that the imaginary
line s’ ¢, fig. 683., which joins the intersection of the wires,
Jig- 679., with the centre of the object-glass, shall be parallel to
the plane of the circle, and in a plane passing through its centre
and at right angles to it.

At right angles to the axis of the telescope are two arms,
m n, which form one piece with the tube, so that when the tube
is turned with the axis to which it is attached, the arms m»
sball turn also, always preserving their direction at right
angles to the tube. Marks or indices are engraved upon the
extremities m and n of the arms which point to the divisions
upon the LiMB (as the divided arc is called).

A clamp is provided on the instrument, by which the tele-
scope, being brought to any desired position, can be fixed im-
moveably in that position, while the observer examines the points
upon the limb to which the indices m and » are directed.

Now let us suppose that the visual angle under the direc-
tions of two distant objects within the range of vision is
required to be measured. The circle being brought into the
plane of the objects, and fixed in it, the telescope is moved
upon its axis until it is directed to one of the objects, so that
its image shall coincide exactly with the intersection of the
wires. The telescope is then clamped, and the observer
examines the points of the divided limb, to which one of the
indices, m for example, is directed. This process is called
“reading off.” The clamp being disengaged, the telescope is
then in like manner directed to the other object, and being
clamped as before, the position of the index is “read off.”
The difference between the numbers which indicate the
position of the same index in both cases, will evidently be the
visual angle under the directions of the two objects.

As a means of further accuracy, both the indices m and =
may be “read off,” and if the results differ, which they always
will slightly, owing to various causes of error, a mean of the
two may be taken.

It is evident that the same results would be obtained if,
instead of making the telescope move upon the circle, it were
immoveably attached to it, and that the circle itself turned
upon its centre, as a wheel does upon its axle, carrying the
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telescope with it. In this case the divided limb of the circle is
made to move before a fixed index, and the angle under the
directions of the objects will be measured by the length of the
arc which passes before the index.

Such a combination is represented in section in fg. 685.,

" ¥ig. 685, >

where 7 is the telescope, p the pieces by which it is attached to
the circle A B seen edgewise, the axis of which b works in a
solid block of metal. The fixed index F is directed to the gra-
duated limb which moves before it.

This is the most frequent method of mounting instruments
used in astronomy for angular measurement.

23035. Lxpedients for measuring the fraction of a division, —
It will happen in general that the index will be directed, not
“to any exact division, but to some point intermediate between
two divisions of the limb. In that case expedients are provided
by which the fraction of a degree between the index, and the
last division which it has passed, may be ascertained with an
extraordinary degree of precision.

2306. By a vernier.— This may be accomplished by means
of a supplemental scale called a VERNIER, already described
(1354). A

2307. By a compound microscope, and
micrometric screw.— The same object may,
however, be attained with far greater
accuracy by means of a compound micro-
. scope mounted as represented in fig. 686., so
that the observer looks at the index through
it. A system of cross wires is placed in the
field of view of the microscope, and the whole
may be so adjusted by the action of a fine

screw, that the index shall coincide precisely
E 4




80 ASTRONOMY.

with the intersection of the wires. The screw is then turned
until the intersection of the cross is brought to coincide with
the previous division of the limb; and the number of turns and
fraction of a turn of the screw will give the fraction of a degree
between the index and the previous division of the limb.

It is necessary, however, to ascertain previously the value of
a complete revolution of the screw. This is easily done by
turning the screw on which the intersection of the cross is moved
from one division to the adjacent one. Dividing, then, one
degree of the limb by the number of turns and fraction of a
turn, the arc which corresponds to one complete turn will be
found.

2308. Observation and measurement of minute angles. —
When the points between which the angular distance required
to be ascertained are so close together as to be seen at one and
the same time within the field of view of the telescope, a method
of measurement is applicable, which admits of ‘even greater
relative accuracy than do the methods of observing large angular
distances. This arises from the fact that the distance between
such points may be determined by various forms of micrometric
instruments, in which fine wires, or lines of spider’s web, are
moved in a direction perpendicular to ti:cir length, so as to pass
successively through the points whose distance is to be ob-
served.

2309. The parallel wire micrometer. — One of the forms of
micrometric apparatus used for this purpose is represented in
transverse section in fig. 687. This, which is called the ra-

SIINTRNN
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Fig. 687.

RALLEL WIRE MICROMETER, consists of two sliding frames, across
which the parallel wires or threads ¢ and D are stretched.
These frames are both moved in a direction perpendicular to
that of the wires by screws, constructed with very fine threads,
and called from their use MICROMETER SCREWS. This frame is
placed in the focus of the object-glass of the telescope, so that
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the eye viewing the objects under observation sees also dis-
tinctly the parallel and moveable wires. These wires are
moved by the screws until they pass through the points whose
distance asunder is to be measured. This being accomplished,
one of them is moved until it coincides with the other, and the
number of turns and parts of a turn of the screw necessary to
produce this motion gives the angular distance between the
points under observation.

In this, as in the case explained in (2307), it is necessary that
the angle corresponding to one complete revolution of the screw
be previously ascertained, and this is done by a process precisely
similar to that explained in the former case. An object of
known angular magnitude, as, for example, a foot rule at the
distance of a hundred yards, is observed, and the number of
turns necessary to carry the wire from end to end of its image
is ascertained. The angle such a rule subtends at that distance
being divided by the number of turns and parts of a turn, the
quotient is the angle corresponding to one complete revolution
of the screw.

2310. Measurement of the apparent diameter of an object.—
When an object is not too great to be included in the field of
view of the telescope, its apparent diameter (1117) can be mea-
sured by such an apparatus. To accomplish this the screws
are turned until the wires ¢ and b, fig. 687., are made to touch
opposite sides of the disk of the object. One of the screws is
then turned until the wires coincide, and the number of turns
and parts of a turn gives the apparent magnitude.

CHAP. IL
TIE GENERAL ROTUNDITY AND DIMENSIONS OF THE EARTH.

2311. The earth a station from which the universe is ob-
served, — The earth is, in various points of view, an interest-
ing object of scientific investigation. The naturalist regards it
as the habitation of the numerous tribes of organized beings
which are the special subject of his observation and inquiry,
and examines curiously those properties and qualities of soil,

climate, and atmosphere, by which it is fitted for their main-
ES



82 ASTRONOMY.

tenance and propagation, and the conditions which govern their
distribution over its surface. The geologist and mineralogist
regard it as the theatre of vast physical operations continued
through periods of time extending infinitely beyond the records
of human history, the results of which are seen in the state of
its crust. The astronomer, rising above these details, regards it
as a whole, examines its form, investigates its motions, mea-
sures its magnitude, and, above all, considers it as the station
from which alone he can take a survey of that universe which
forms the peculiar object of his study, and as the only mo-
dulus or standard by which the magnitudes of all the other
bodies in the universe, and the distances which separate them
from the earth and from each other, can be measured.

2312. Necessary to ascertain its form, dimensions, and
motions. — But since the apparent magnitudes, motions, and
relative arrangement of surrounding objects severally vary, not
only with every change in the position of the station of the
observer, but even with every change of position of the ob-
server on that station, it is most necessary to ascertain with all
attainable accuracy the dimensions of the earth, which is the
station of the astronomical observer, its form, and the changes
of position in relation to surrounding objects to which it is
subject.

2318. Form globular. — The first impression produced by
the aspect presented by the surface of the earth is that of a vast
indefinite plane surface, broken only by the accidents of the
ground on land, such as hills and mountains, and by the more
mutable forms aue to the agitation of the fluid mass on the sea.
Even this departure from the appearance of an extensive plane
surface ceases on the sea out of sight of land in a perfect calm,
and on certain planes of vast extent on land, such as some of the
prairies of the American continents.

This first impression is soon shown to be fallacious; and it is
easily demonstrated that the immediate indications of the un-
aided sense of vision, such as they are, are loosely and incor-
rectly interpreted, and that, in fact, even that small part of the
earth’s surface which falls at once within the range of the eye
in a fixed 'position does not appear to be a plane.

Supposing that any extensive part of the surface of the earth
were really a plane, let several stakes or posts, of equal height,
be erected along the same straight line, and at equal distances,

.
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say amile apart. Let these stakes be represented by ss, 8’ s/, 8" 57,
&c., fig. 688., and let o stake of equal height 0 o be erected at

‘3.—.:0 ............ $ d 87
===

o K 3
Fig. 68s.

the station of the observer. Now if the surface werea plane, it
is evident that the points s, &, s, &c. must appear to an eye
placed at o in the same visual line, and would each be visible
through a tube directed at o parallel to the surface 0s. But
such will not be found to be the case. When the tube is di-
rected to s, all the succeeding points &, s%, &e. will be below
its direction. If it be directed to &, the point s will be above,
and " and all the succeeding points will be below its direction.
In like manner, if it be directed to s”, the preceding points s and
s’ will be above, and the succeeding points below its direction.
In effect it will appear as though each succeeding stake were a
little shorter than the preceding one. But as the stakes are all
precisely equal, it must be inferred that the successive points of
the surface 8, §', 8", s/, &c. are relatively lower than the station
0. Nor will the effects be explained by the supposition that the
surface 0 8 8’ s, &c., is a descending but still a plane surface,
because in that case ‘the points s, &/, s”, &c. must still be in the
same visual line directed from o. It therefore follows that the
surface in the direction o s’ s” ™, &c. is not plane but curved,
as represented in fig. 689., where the visual lines are in obvious
accordance with the actual appearances as above explained.

Fig. 689.

Now since these effects are found to prevail in every direc-
tion around the point of observation o, it follows that the cur-
vature of the surface prevails all around that point; and since

. E 6
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the extent of the depression of the points s, 8/, s, &e. at equal
distances from o, are equal in every direction around o, it fol-
lows that the curvature is in every direction sensibly uniform
around that point.

But by shifting the centre of observation 0,and making simi-
lar observations elsewhere, and on every part of the earth where
such a process is practicable, not only are like effects observed,
but the degree of depression corresponding to equal distances
from the centres of observation is the same.

Hence we infer that the surface of the earth, as observed di-
rectly by the eye, is not a plane surface, but one everywhere
curved, and that the curvature is everywhere uniform, at least
that no departure from perfect uniformity in its general curva-
ture exists sufficiently considerable to be discovered by this
method.

But the only form of a solid body which has a surface of uni-
form curvature is a sphere or globe, and it is therefore esta-
blished that such is the form of the earth.

23814, This conclusion corroborated by circumnavigation. —
If a vessel sail, as far as it is practicable to do so, constantly in
the same direction, it will at length return to the port of its de-
parture, having circumnavigated the earth, and during its course
it appears to pass over an uniform surface. This is obviously
what must take place so far as regards that part of the earth
which is covered with water, supposing it to be a globe.

2315. Corroborated by lunar eclipses. — By the most strik-
ing and conclusive corroboration of the inference just made, and
indeed a phenomenon which alone would demonstrate the form
of the earth, 13 that which is exhibited in lunar eclipses. These
appearances; which are so frequently witnessed, are caused by
the enrth coming between the sun and the moon, 8o as to cast
its shadow upop the datter. Né6w the form-of that shadow is
always precisely that which one globe would project upon an-
other. The phenomenon thus At-onoe establishes not only the
globular form of the earth,*bus that of the moon also.

2316, Various qﬁ'ect&-mdzcazmg the eartl’s rotundity. — The
rotundity of the earth being once admitted, a multitude of its
consequences and effect§*present themselves, which supply cor-
roborative evidence of that important proposition.

When a ship sails. from the observer, the first part which
should cease to Le visible, if the earth was a ‘plane, would be the

-
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rod of the top-mast, having the smallest dimensions, and the last
the hull and sails, being the greatest in magnitude; —but, in fact,
the very reverse takes place. The hull first disappears, then
the sails, and in fine the top-mast alone is visible by a telescope,
appearing like a pole planted in the water. This becomes gra-
dually shorter, appearing to sink in the water as the vessel
recedes from the eye.

These appearances are the obvious consequences of the gra-
dual interposition of the convexity of the part of the earth’s
surface over which the vessel has passed, and will be readily
comprehended by the fig. 690.

Fig. 690.

If the observer take a more elevated position, the same suc-
cession of phenomena will be presented, only greater distances
will be necessary to produce the same degree of apparent sink-
ing of the vessel.

Land is visible from the top-mast in approaching the shore,
when it cannot be seen from the deck.

The top of thevpeak of Teneriffe.can be seen from a distance
when the base of the mountain is invisible.

‘The sun shines on the summits of the Alps lgng after sunset
in the valleys!

An acronaut ascending after sunset has w1tn<,ssed the sun to
reappear with all the effects of sunusa 011 descendmg, he wit-
nessed a second sunset.

2317. Dimensions_aof the eazt?[f—ﬂ[ethod of measuring a
degree — Having thus ascer rtained that the form of the earth
is a globe, it now remains to dlSQQ\(el‘ 1ts magnitude, or, what is
the same, its diameter. *

For this purpose it will be nepessm;y first to ascertain the
actual length of a degree upon its surface, that is, the distance
between two points on the surface, so placed that the lines
_ drawn from them’to the centre shall make with each other an
angle of one degred.
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Let p and p/, fig. 691., represent two places upon the earth’s
surface, distant from each other from 60 to 100 miles, and let
: ¢  cbe the centre of the earth. Now, let us sup-
pose that two observers at the places p and p’
observe two stars s and ¢, which at the same
time are vertically over the two places, and to
which, therefore, plumb-lines suspended at the
two places would be directed. The direction of
these plumb-lines, if continued downwards, would
intersect at ¢, the centre of the earth.

The visual angle under the directions of these
stars s and s’ at p’ is s p’s’, and at cis scs”. But,
owing to the insignificant proportion which the
distances pp” and pc bear to the distances of the
stars (as will be made evident hereafter), the
visual angle of the stars, whether seen from p or
¢, will be the same. If, then, this visual angle
at p’ be measured, as it may be with the greatest
precision, we may consider it as the magnitude
H of the angle pcp'.

Let the actual distance D, between the places
p and p’, be measured or ascertairfed by the pro-
cess of surveying, and the number of seconds in
the observed angle s p's” be expressed by ¢. If d
express the distance of two points on the earth
which would subtend at the centre ¢ an angle of

% we shall then have —

a:3600::p:d=0>D xg’-@?,
a

since the number of seconds in a degree is 3600
Fig.691.  (2292).

2318. Length of a degree.— In this way it has been ascer-
tained that the length of a degree of the earth’s surface is a
little less than 70 British statute mileg, and may be expressed
in feet (in round numbers) by 365,000,

It will therefore be easy to remember that the length of a
legree is as many thousand feet as there are days in the year.

2319. Length of a second of the earth.— Since a second is
the 83G0Oth part of a degree, it follows also that the length of &
tecond i8 an hundred feet very nearly, a measure also easily
remembered.
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2320. Change of direction of the plumb-line in passing over
a given distance. — From what has just been explained it will
be understood that since a plumb-line always points to the
centre of the earth (when its direction is undisturbed by any
local attraction), its change of direction, in passing from any
one place to ‘any other, may be always found by allowing 17 for
every hundred feet in the direct line joining the places, or still
more exactly by allowing 365,000 feet for every degree, and a
proportional part of this length for every fraction of a degree
between the places.

2321. To find the eartk’s diameter.— Nothing can be more
easy, after what has been stated, than the solution of the
problem to determine the earth’s diameter. By what has been
explained (2294), if » express the radius or semidiameter of
the earth Cp, @ the arc pp” of the earth’s surface between the
two places, and « the angle pcp’, we shall have —

206265

a/l

=a X

If the distance @ be one degree, this will become —

365000 .
r= gy X 206265 = 20,912979,
or very nearly 21 million feet, which is equal to 3960 statute
miles. So that the diameter of the earth would be 7920 miles,
or in round numbers (for we are not here pretending to ex-
treme arithmetical precision) 8000 miles.

The process of observation above explained is not in its
details exactly that by which the magnitude of the earth is
ascertained, but it is in spirit and principle the method of
observation and calculation. It would not be easy to find, for
example, any two sufficiently observable stars which at one and
the same moment would be vertically over the two places p and
P’ but any two stars nearly over them-would equally answer
the purpose by observing the extent of their departure from
the vertical direction. Neither is it necessary that the two
observations should exactly coincide as to time; but these
details do not affect the principle of the method, and will be
more clearly intelligible as the student advances.

2822, Superficial inequalities of the earth relatively insigni-
Sicant.—1It is by comparison alone that we can acquire any
clear or definite notions of distances and magnitudes which do
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not come under the immediate cognizance of the senses. If
we desire to acquire a notion of a vast distance over which
we cannot pass, we compare it with one with which we
have immediate and actual acquaintance, such as a foot, a
yard, or a mile. And since the area or, superficial extent of
surfaces and the volume or bulk of solids are ‘respectively
determined by the length of their linear dimensions, the same
expedient suffices to acquire notions of them. In Astronomy,
having to deal with magnitudes exceeding in enormous pro-
portions those of all objects, even the most stupendous, which
are so approachable as to afford means of direct sensible ob-
servation, we are incessantly obliged to have recourse to such
comparisons in order to give some degree of clearness to our
ideas, since without them cur knowledge would become a mere
assemblage of words, numbers, and geometrical diagrams.

Let us, then, consider the dimensions and form of the earth,
as they have been ascertained in the preceding paragfaphs.

When it is stated that the earth is a globe, the first objection
whigh will be raised by the uninformed student is that the
comtinents; iglands, and tracts of land with which it is covered
are arke® by considerable inequalities of level; that moun-
tains rise into ridges and peaks of vast height; that the seas
and oceans, though level at their surface in a certain general
sense, are agitated by great waves, and alternately swelled and
depressed by tides, and that the solid, bottom of them is known
to be subject to inequalities analogous in character, and not less
in depth, than those which prevail on the land. Since, then, it
is the characteristic property of a globe that all points on its
surface are equally distant from its centre, how, it may be
demanded, can a mass of matter, so unequal in its surface as
the earth is, be a globe?

It may be gonceded at once, in reply to this objection, that
the earth is not, in the strict geometric sense of the term, a
globe. But let us consider the extent of its departure from the
globular form, so far as relates to the superficiul inequalities just
adverted to.

The most lofty mountain peaks do.not exceed five miles in
height, TFew, indeed, approach that limit. Most of the con-
siderable mountainous districts are limited to less than half that
height. No considerable tract of land has a general elevation
even of one mile. The deepest parts of the sea have not been
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sounded ; but it is certain that their depth does not exceed the
heights of the most lofty mountains, and the general depth is
incomparably less. The superficial inequalities of the aqueous
surface produced by waves and tides are comparatively insig-
nificant.

Now, let us consider how these several superficial inequalities
would be represented, observing a due proportion of scale, even
on the most stupendous model.

Construct a globe 20 feet in diameter, as a model of the earth.
Since 20 feet represents 8000 miles, 1-400th part of a foot,
or 3-100th parts of an inch, represents a mile. The height,
therefore, of the most lofty mountain peak, and the greatest
depth of the ocean, would be represented by a protuberance or
a hole having no greater elevation or depth than 15-100ths,
or about the seventh part of an inch. The general elevation of
a continent would be fairly represented by a leaf of paper pasted
upon the'surfuce, having the thickness of less than the fiftieth
of an inch ; and a depression of little greater amount would ex-
Ppress the depth of the general bed of the sea.

It will therefore be apparent, that the departure' of. suclr a
model from the true form of a globe would be in"all, save a
strictly geometrical sense, absolutely insignificant.

2828, Relative dimensions of the atmosphere. — The surface
of the earth is covered by an ocean of air which floats upon it,
as the waters of the seasrest upon their solid bed. The density
of this fluid is greatest in the stratum which is in immediate
contact with the surface of the land and water of the earth, and
it diminishes in a very rapid ratio in ascending, so that one
half of the entire atmosphere is included in the strata whose
height is within 8} miles of the surface. At an altitude of
80 miles, or the hundredth part of the enrth’s diameter, the rare-
faction must be so extreme, that nelther animal life nor com-
bustion could be maintained,

The atmosphere, being then limited to such a height, would
be represented on the model above described by a stratum two
inches and a half thick.

2324. If the earth moved, how could its motion be perceived?
~— Having thus ascertained, in a rough way, the form and di-
mensions of the earth, let us consider the question of its rest or
mobility.

Nothink is more repugnant to the first impressions received
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from the aspect of the surface of the earth, and all upon it, than
the idea that it is in motion. But if this universal impression
be traced to its origin, and rightly interpreted, it will not be
found erroneous, and will form no exception to the general
maxim which induces all persons, not even excepting philoso-
phers, to regard without disrespect notions which have obtained
universal popular acceptation. ‘.

What is the stability and repose ascribed by the popular
judgment to the earth? Repose certainly absolute, so far as
regards all objects of vulgar or popular contemplation. It is
mamtmued and mamtamed truly, that everythmo upon the
earth, so farws the agency of external causes is concerned, is at
re]atxve rest. Hills,\shoyntains, and valleys, oceans, seas, and
rivers, as well a3 all artificial structures, are in relative repose;
and if our observation did not extend to objects exterior to the
globe,s the popular maxim would be indisputable. But the
astronomer coutemplates objects which either escape The atten-
tion of, o¢ are imperfectly known to, mankind in general ; and
the phenomena which attend these render it manifest, that while
the earth, in relation to all objects upon it and forming part of
it, is at rest, it is in motion w1th relation to all the other bodies
of the universe.

The motion of objects external to the observer is perceived
by the sense of sight only, and is manifested by the relative
displacement it produces among the objects affected by it, with
relation to objects around them which are not in motion, and
with relation to each other. Motions in which the person of
the observer participates may affect the senses both of feeling
and sight. The feeling is affected by the agitation to which the
body of the observer is exposed. Thus, in a carriage which
starts or stops, or suddenly increases or slackens its speed, the
matter composing the person of the observer has a tendency to
retain the motion which it had previous to the change, and is
accordingly affected with a certain force, as if it were pushed or
drawn from rest in one direction or the other. But once in 2
state of uniform motion, the sense of feeling is only affected by
the agitation proceeding from the inequalities of the road. If
these inequalities are totally removed, as they are in a boat
drawn at a uniform rate on a canal, the sense of feeling no
longer affords any evidence whatever of the motion.

A remarkable example of the absence of all consciousness of
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motion, so far as mere feeling is concerned, is presented to all
who have ascended in a balloon. As the aerial vehicle floats
with the stratum of the air in which it is suspended, the feeling
of the aeronaut is that of the most absolute repose. The balloon
seems as fixed and immoveable as the solid globe itself, and
nothing could produce in the voyager, blindfolded, any conscious-
ness whatever of motion. When however his eyes, unban-
daged, are turned downwards, he sees the vast diorama below
moving under him. Fields and woods, villages and towns pass
in succession, and the phenomena are such as to impress on the
eye, and through the eye upon the mind the conviction that the
balloon is stationary, and the earth movmg onderit; A certain
effort of the understanding, slight, it is trué; but 3till an effort,
is required to arrive at the mference that. the impression thus
produced oii the sense of vision is an 1llnswn, that the- motion
with which the landscape seems to be aifected is_pue which in
reality affects the balloon in which the speggntoras Suspended,
and that this motion is equal in speed, and contrary in digection,
to that which appears to affect the subjacent country.

Now it will be evident, that if the globe of the earth, and all
upon it, were floating in space, and moving in any direction at
any uniform rate, no consciousness of such motion could affect
any sensitive being upon it. All objects partaking in common
in such motion, no more derangement among them would ensue
than among the persons and objects transported in the car of
the balloon, where the aeronaut, no matter what be the speed
of the motion, can fill a glass to the brim as easily as if he were
upon the solid ground. Supposing, then, that the earth were
affected by any motion in which all objects upon it, including
the waters of the ocean, the atmosphere, and clouds, would all
Participate, would the existence of such a motion be perceived
by a spectator placed upon the earth who would himself partake
of it? It is clear that he must remain for ever unconscious of
lt, unless he could find within the range of his vision some ob-
Jects which, not partaking of the motion, would appear to have
2 motion contrary to that which the observer has in common
with the earth.

But such objects are only to be looked for in the regions of
space beyond the limits of the atmosphere. We find them in
fine in the sun, the moon, the stars, and all the objects which

¥ the firmament presents. Whatever motion the earth may have
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will impart to all these distant objects the appearance of a mo-
tion in the contrary direction.

But how, it may be asked, is the apparent motion produced
in distant objects by a real motion of the station in which the
observer is placed, to be distinguished from the real motion of
the distant objects themselves, which would give them the same
apparent motion ? Since the phenomena sre gbsolutely iden-
tified, whether the apparent motion observed is produced by a
real motion in the observer, or a real motion in the object ob-
served, it is necessary to seek for evidence; either that the
object observed cannot have the real motion which would pro-
duce the phenomena, or that the station of the observer has it.
But before engaging in this question, it is necessary first, to
obtain a clear and definite knowledge of what the apparent mo-
tion in question is; secorndly, what is the real motion of the
earth which could produce it; and thirdly, what would be the
real motion, or motions, of the objects observed, which would
produce the same phenomena.

2325. Parallax. — Since the apparent place of a distant ob-
ject depends on the direction of the visual line drawn from the
observer to such object, and since while the object remains sta-
tionary the direction of this visual line fs changed with every
change of position of the observer, such change of position pro-
duces necessarily a displacement in the apparent position of the
object.

This apparent displacement of any object seen at a distance,
due to the change of position of the observer, is called pa-
RALLAX.

It follows that a distant object seen by two observers at dif-
ferent places on the earth is seen in different directions, so that
its apparent place in the firmament will be different. It would
thereforé follow, that the aspect of the heavens would vary with
every change of position of the observer on the earth, just as
the relative position of objects on land which are stationary
changes when viewed from the deck of a vessel which sails or
steams along the coast. But it so happens, as will appear here-
after, that even the greatest difference of position which can
exist between observers on the earth’s surface is so small com-
pared even with the nearest bodies to the earth, that the appa-
rent displacement, or PARALLAX, thus produced is very small;
while for the most numerous of celestial objects, the stars, it is
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absolutely inappreciable by the most refined means of observa-
tion and measurement.

Small as it is, however, so far as relates to the nearer bodies
of the universe, it is capable of definite measurement, and its
amount for each of them supplies one of the data by which their
distances are calculated.

2826. Apparent and true place of an object. — Diurnal
parallax. — When an object is within such a limit of distance
as would cause a sensible displacement to.be produced when it
is viewed from different parts of the earth’s surface, it is conve-
nient, in registering its apparent position at any given time, to
adopt some fixed station from which it is supposed to be ob-
served. The station selected by astronomers for this purpose
is the“¢entre of the earth. The direction in which an object
would be seen if viewed from the centre of the earth is called
its TRUE PLACE. The direction in which it is seen from any
place of observation on the surface is called its APPARENT
PLACE, and the apparent displacement which would be produced
by the transfer of the observer from the centre to the surface or
vice versa, or, what is the same, the difference between the true
and apparent places, is called the DIURNAL PARALLAX.

In fig. 692., let C represent the centre of the earth, P a place
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of observation on its surface, 0 an object seen in the zenith of
P, 0’ the same object seen at the zenith distance o o', and 0"
the same object seen in the horizon.

It is evident that o will appear in the same direction, whether
it be viewed from P or ¢. Hence it follows that in the zenith
there is no diurnal parallax, and that there the apparent place
of an object is its true place

But if the object be at o, then the apparent direction is P o/,
while the true direction is co’ , and the apparent place of the
object will be &/, while its true place will be ¢ ; and the diurnal
parallax corresponding to the zenith distance o Po’ will be # o/,
or the angle ¢ o’ &/, which is equal to Po’c."

As the object is more remote from the zenith the parallax is
augmented, because the semidiameter cp of the earth, which
passes through the place of observation, is more and more nearly
at right angles to the directions ¢co’ and po’.

2327. Horizontal parallax. — When the object is in the ho-
rizon, as at 0", the diurnal parallax becomes greatest, and is
called the HORIZONTAL PARALLAX. Itis the angle Po” ¢ which
the semidiameter of the earth subtends at the objeet.

If z express the zenith distance, or the angle pco’, a line ¢ 7
drawn from ¢ at right angles to p 0’ n will be expressed by z X
r X sin, z, = being the semidiameter ©Pp of the earth. If » ex~
press the distance of the object 0’, and = the parallactic angle
PO’ C, which is always very small, we shall have, by the principle
explained in (2294):

w' == 206265" X sin. z x Dl

the parallax being expressed in seconds.
If the object be in the horizon as at 0", we shall have z=90°,
and thgrefore

&' = 206265" x _;_

2328. Given the horizontal parallax and the earth’s semi.
diameter, to compute the distance of the object. — Tt is evident
that this important problem can be solved by the preceding
formula ; for we have (2297) '

206265
D==—"7j X 7
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CHAP. IIL
APPARENT FORM AND MOTION OF THE FIRMAMENT.

2329. Aspect of the firmament.—If we examine the heavens
with attention on clear starlight nights, we shall soon be struck
with the fact, that the brilliant objects scattered over them in

. such incaleulable numbers maintain constantly the same relative
position and arrangement. Every eye is familiar with certain
groups of stars called constellations. These are never observed
to change their relative position. A diagram representing them
now would equally represent them at any future time; and if a
general nap be made, showing the relative arrangement of these
bodies on any night, the same map will represent them with
equal exactness and fidelity on any other night. There are a
few,—some thirty or forty or so,—among many thousands,
which are exceptions to this, with which, however, for the pre-
sent we need not concern ourselves,

2330. The celestial hemisphere.—The impression produced
upon the sight by these objects is that they are at a vast distance,
but all at the same distance. They seem as though they were
attached in fixed and unalterable positions upon the surface of
a vast hemisphere, of which the place of the observer is the
centre. Setting aside the accidental inequalities of the ground,
the observer seems to stand in the centre of a vast circular
plane, which is the base of this celestial hemisphere.

2331. Horizon and zenmith.——This plane, extended indefi-
nitely around the observer, meets the celestial hemisphere in a
circle which is called the Horizon, from the Greek word dpilew
(orizein), to terminate or bound, being the boundary or limit of
the visible heavens.

. The centre point of the visible hemisphere — that point which
18 perpendicularly above the observer, and to which a plumb-
line suspended at rest would be directed —is called the ZENITH.

2332. Apparent rotation of the firmament.— A few hours’
attentive contemplation of the firmament at night will enable
any common observer to perceive, that slthough the stars are,
relatively to each other, fixed, the hemisphere, as a wkole, is in
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motion. Looking at the zenith, constellation after constellation,
will appear to pass across it, having risen in an oblique direction
from the horizon at one side, and, after passing the zenith, de-,
scending on the other side to the horizon, in a direction similarly|
obligue. Still more careful and longer continued observation,
and a comparison, so far as can be made by the eye, of the dif-

ferent directions successively assumed by the same object, creates
a suspicion, which every additional observation strengthens,
that the celestial vault has a motion of slow and uniform rota-
tion round a certain diameter as an axis, carrying with it all the
objects visible upon it, without in the least deranging their re-
lative positions or disturbing their arrangement,

Such an impression, if well founded, would involve, as a ne-
cessary consequence, that a certain point in the heavens placed
at the extremity of the axis of its rotation, would be fixed, and
that all other pdints would appear to be carried around it in
circles ;- each such point preserving therefore, constantly, the
same distance from the point thus fixed.

2333. The pole star.—To verify this inference,” we must
look for a gtar which is not affected by the apparent rotation of
the heavens, which affects more or less every other star.

Such a star is accordingly found, which is always seen in the
game direction,—so far at least as the eye, unaided by more
accurate means of observation, can determine.

The place of this star is called the PoLE, and the star is called
the PoLe Star.

. 2334s YPotation proved by instrumental observation.—Mere
visual ébservation, however, can at most only supply grounds
for probable conjecture, either as to the rotation of the sphere,
or the pdsition of its pole, if such rotation take place. To verify
this conjecture, to détermine with certainty whether the motion
of thg%sphare be one of rotation, and if so, to ascertain with
precisiodi the «direction of -the axis round which this rotation
takes-pfave, 'its velocity, and, in fine, whether it be uniform or
variabfe,I—are problems of the highest importance, but which
ufe aliogether beyond the powers of mere visual observation,
unaided, by instrements of precision.

23355 Exact direction of the axis and position of the pole.—
Supposg g telessope of low magnifying power, supplied with
micxdmegric Wwires (2302), to be directed to the pole star, so
that il star Jbay be seen exacfly' upon the intersection of the
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middle wires. If this star were precisely at the extremity of
the axis of the hemisphere, or at the pole, it would remain per-
manently at the intersection of the wires, notwithstanding the
rotation of the firmament. Such is not, however, found to be
the case. The star will appear to move; but, if the magnifying
power of the telescope be low enough, it will not leave the field
of view, Tt will appear to move in a small circle, the diameter
of which is about three degrees. The telescope may be so ad-
Justed that the star will move in a circle round the intersection
of the middle wires as & centre; and in that case the point
marked by the intersection of the middle wires is the true posi-
tion of the PoLk, round which the pole star is carried in a
circle, at the distance of about 11° by the rotation of the
sphere.

2336, Lquatorial instrument.—Tle exact direction of the
axis of the celestial sphere being thus ascertained, it is possible
to construct an apparatus which shall be capable of revolving
upon a fixed axis, the direction of which shall coincide with
that of the sphere, so that if a telescope were fixed in the di-
rection of this axis, its line of collimation (2303) would exactly
point to the celestial pole,

Upon this axis, thus directed and fixed, suppose a telescope
to be so mounted that it may be placed with its line of collima-
tion at any desired angle with the axis, and let a properly gra-
duated arc be provided, by which the magnitude of this angle
may be measured with all practicable precision,

Thus, let A A, fig. 693., represent the direction of the axis on
which the instrument is made to revolve. The line A af, if con-
tinued to the firmament, would pass through the pole p. Letco
repre‘sént the line of collimation of a telescope, so attached to the
axis at ¢ that it may be placed at any desired angle with it ;
which may be accomplished by placing a joint at ¢ on‘whlch the
telescope can turn. Let NON' be a graduated arc,'to wlnoh the
telescope is. attached at 0, and which turns with the telescope
round the axis x#A. When the telescope, being ﬁxed at any
proposed angle oca’ with the axis, is turned round 44’ the Jine
of collimation. describes a cone of which ¢ is the ‘qrtex and ca’
the axis, and the extremity 0 describes an arc 00’ of A cirele
at a distance from N’ measured by the angle ogA .

If the line of collimation co or co’ be imagined’to be con-
tinued to the heavens, itwill describe, as the teleseone revolves, &

A - F

~ -
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circle 00’ on the firmament corresponding to the circle 00’
and at the same angular distance o p, 0 p from the celestial pol‘!

.: N
AN
A

[

p» a3 the end o or o' of the line of collimation of the telescope
is from N or &’. In short, the angle 0 cN’ equally measures
the two arcs, the celestial arc op and the instrumental are o "

The instrument thus described in its principle is one of most
extensive utility in observatories, and is called an EQUATORIAL.

In its practical construction it is very variously mounted,
and is sometimes acted upon by clock-work, which imparts to
it a motion round the axis AA’, corresponding with the rotation
of the celestial sphere.

One of the many mechanical arrangements by which this
may be effected is represented in fig. 694., as given by the
Astronomer Royal, in his lectures delivered at the Ipswich
Museum.

The instrument is supported upon pivots, so that its axis A’ B’
shall coincide exactly with the direction of the celestial axis.

Fig. 693.
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The telescope ¢p turns upon a joint at the centre, so that

different directions, sich as ¢’p’, ¢” p”, may be given to it.

Fig. 694.

The motion upon its axis is imparted to it by wheel-work ELE,
impelled by clock-work, as already mentioned. .

2337. Rotation of firmament proved by equatorial.— Now,
to establish, by means of this instrument, the fact that the fir-
mament really has 2 motion of apparent rotation with a velocity
vigorously uniform round the axis, let the telescope be first
directed to any star, o, fig. 693., for example, so that it shall be
seen upon the intersection of the middle wires. The line of
collimation will then be directed to the star, and the angle 0 ¢ N’
or the arc oN” will express the apparent distance of such star
from the pole p.

Let the instrument be then turned upon its axis from east to
west (that is, in the same direction as the rofation of the
firmament), through any proposed angle, say 90° and let it be
fixed in that position. The firmament will follow it, and after
a certain interval the same star will be seen wpon the inter-
section of the wires; and in the same manner, whatever be the
change of position of the instrument upon its axis, provided
the direction of the telescope upon the arc oN’, fig. 693., be not
changed, the star will always arrive, after an interval more or
less, according to the angle through which this instrument has
been turned, upon the intersection of the wires.

It follows, therefore, from this, that the particular star here
observed is carried in a circle round the heawens, always at the
same distance, o p, from the celestial pole.

The same observations being made with a like result upon

F2
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every star to which the telescope is dxrected “it follows that the
motxon of the firmament i is such that all &)Jects upon it descnl)c
at the same dxstance from the pole G

This is precisely the effect which wounkd:ba* p}o‘dimed by the
rotation of the heavens round an axis directéd to’the pole from
the place of the observer.

But it remains to ascertain the time of'rotation, and whethef
‘the rotation be uniform.

If the telescope be directed as before to any star, so that it
shall be seen at the intersection of the wires, let the instrument
be then fixed, being detached from the clock-work, and let the
exact time of the star passing the wires be noted. On the fol-
lowing night, at the approach of the same hour, the same star
will be seen approaching to the same position, and it will at
length arrive again upon the wires. The time being again
exactly observed, it will be found that the interval which has
elapsed between the two successive passages of the star over

the wires is
28be 56m+ 4-09s,

Such is, therefore, the time in which the celestial sphere
makes one complete revolution, apd this time will be always
found to be the same, whatever be the star to which the tele-
scope is directed.

To prove that not only every complete revolution is per-
formed in the same time, but that the rotation during the same
revolution is uniform, let the instrument, after being directed
to any star, be turned in the direction of the motion of the
sphere through any proposed angle, 90° for example. It will
be found that the interval which will elapse between the
passage of the star over the wires in the two positions will, in
this case, be the fourth part of 23 56m- 4-09%; and, in general,
whatever be the angle through which the instrument may be
turned, the interval between the passages of the same star over
the wires in the two positions will bear the same proportion to
23h- 5Gm- 4-09%, as the angle bears to 360°.

It follows, therefore, that the apparent rotation of the heavens
is rigorously uniform.

It will be observed that the time of one complete revolution
is 3 55-91% less than twenty-four hours, or a common day.
The cause of this difference will be explained hereafter,

.
o
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' 2338. Sidereal time. —The time of one complete revolution
of the ﬁmmtment,-ls galled o SIDEREAL DAY. This interval is
divided,” likg & _cﬁmnom day, into 24 hours, each hour into 60
mmutes,,anﬁ euch finute into 60 seconds.

Smce in’ %sxaereal' hours the sphere turns through 360°,
and smcf. its Jnoticn is rigorously uniform, it turns throu«rh 15°
in a sxdere?ﬂ'ﬂ?our, and through 1° in four sidereal minutes.

2339. “The same apparent motion observed by day.—1It may
be objected that although this description of the movement of
the heavens accords with the appeurances during the night,
there is no evidence of the continuance of the same rotation
during the day, since in a cloudless firmament no object is
visible except the sun, which being alone cannot manifest the

. same community of motion as is exhibited by the multitudinous

" objects which, being crowded so thickly on the firmament at
night, move together without any change in their apparent
relative position. To this objection it may be answered that
the moon is occasionally seen in the day-time as well as the
sun; and, moreover, that before sunset and sunrise the planets
Jupiter and Venus are occasionally seen under favourable
atmospheric circumstances. Besides, with telescopes of suf-
ficient power properly directed, all the brighter stars can be
distinctly seen when not situated very near the position of the
sun. Now, in all these cases, the objects thus seen appear to
be carried round by the same motjon of the firmament, which
is 50 much more conspicuously manifested in the absence of the
sun and at night.

2340. Certain fixed points and circles necessary to express
the position of objects on the heavens.— It will greatly con-
tribute to the facility and clearness with which the celestial
phenomena and their causes shall be understood if the student
will impress upon his memory the names and positions of cer-
tain fixed points, lines, and circles of the celestial sphere, by
reference to which the position of objects upon it are expressed,
Without incumbering bim with a more complex nomenclature
than is indispensably necessary for this purpese, we shall there-
fore explain some of the principal of these landmarks of the
heavens.

2341. Vertical circles, zenith, and nadir.—If from the place
of the observer a straight line be imagined to be drawn perpen-
dicular to the plane of the horizon, and to be continued indefi-

B 59061
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nitely both upwards and downwards, it will meet the visible
hemisphere at its vertex, the ZenirH, and the invisible hemi-
sphere, which is under the plane of the horizon, at a corre-
sponding point called the NADIR.

If a plane be supposed to pass through the place of the
observer and the zenith, it will meet the celestipl surface in
a series of points, forming a circle at right anglés to the,
horizon. Such a circle is called & VERTICAL CIRCLE, o, shortly,
a VERTICAL.

If this plane be supposed to be turned round the line passing
upwards to the zenith, it will assume successively every direc-
tion round the observer, and will meet the heavens in every
possible vertical circle.

The vertical circles, therefore, all intersecting at the zenith
as a common point, divide the horizon as the divisions of the
hours and minutes divide the dial-plate of a clock.

2342, The celestial meridian and prime vertical. —. That
vertical which passes though the celestial pole is called the
Meripian.

The meridian is, therefore, the only circle of the heavens
which passes at once through the two principal fixed points,
the pole and the zenith. v

It divides the visible hemisphere into two regions on the
right and left of the observer; as he looks to the north, that
which is on his right being called the EasTErN, and that which
is on his left the WESTERN.

Another vertical at right angles to the meridian is called the
PRIME VERTICAL, This is comparatively little used for refer-
ence.

2343. Cardinal points. — The meridian and prime vertical
divide the horizon at four points, equally distant, and therefore
separated by arcs of 90°. These points are called the car-
DINAL POINTS. Those formed by the intersection of the meri-
dian with the horizon are called the Norrn and SouTs points,
that which is nearest to the visible pole in the northern hemi-
sphere being the north. Those formed by the intersection of
the prime vertical with the horizon are called the East and
WesT, that to the right of an observer looking towards the
north being the east.

The cardinal points correspond with those marked on the
card of a mariner’s compass, allowance being made for the
variation of the needle.

a >
-
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2344, The azimuth.— The direction of an object, whether

terrestrial or celestial, in reference to the cardinal-points, or to
the plane of the meridian, is called its Azimura, Thus it is
said to have so many degrees of azimuth east or west, according
as the vertical circle, whose plane passes through it, forms that
angle east or west of the plane of the meridian.
- 2345, Zenith distance and altitude. — It is always possible
to conceive a vertical circle which shall pass through any pro-
posed object on the heavens. The arc of such a circle between
the zenith and the object is called its ZENITH DISTANCE.

The remainder of the quadrant of the vertical between the
object and ther horizon is called its ALTITUDE.

It is evident, therefore, that the altitude of the zenith is 90°,
and the zenith distance of every point on the horizon is also 90°.

The arc of the meridian between the zenith and the pole is
the zenith distance of the pole, and the arc of the meridian be-
tween the pole and the horizon is the altitude of the pole.

2346. Celestial equator.—If a plane be imagined to pass
through the place of the observer at right angles to the axis of
the sphere, and to be continued to the heavens, it will meet the
surface of the celestial vault in a circle which shall be 90° from
the pole, and which will divide the sphere into two hemispheres,
at the vertex of one of which is the visible or north pole, and
at the vertex of the other the invisible or south pole.

This circle is called the CELESTIAL EQUATOR.

The several fixed points and circles described above will be
more clearly conceived by the aid of the diagram, fig. 695,

Z
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where o is the place of the observer, z the zenith, » the pole,
szP N the visible, and spzx the invisible half of the meri-
dian; sexw is the horizon seen by projection as an oval,
being, however, really a circle; N and s are the north and
south, and £ and w the east and west cardinal points. The
points of the several circles which are below the horizon are
distinguished by dotted lines.t The celestial equator is repre-
sented at £Q, and the prime vertical at zwEz, both being
looked at edgewise.

A plane Nn, drawn through the north cardinal point, cuts
off a portion of the sphere, having the visible pole N at its
centre, all of which is above the horizon ; and a torresponding
plane, ss, through the south cardinal point, cuts off a part,
leaving the invisible pole at its centre, all of which is below the
horizon.

2347. Apparent motion of the celestial sphere.—Now, if the
entire sphere be imagined to revolve on the line rop through
the poles as a fixed axis, making one complete revolution, and
in such a direction that it will pass over an observer at o, look-
ing towards N from his right to his left, carrying with it all the
objects on the firmament, without disturbing their relative
position and arrangement, we shall form an exact notion of the
apparent motion of the heavens. All objects rise upon the
eastern half, sEx, of the horizon, and set upon the western
half, swN. The objects which are nearer to the visible pole
» than the circle 2N never set; and those which are nearer to
the invisible pole P than the cirele ss never rise. Those which
are between the equator £ and the circle #N are longer
above the horizon than below it; and those which are between
the equator £q and the circle ss are longer below the equator
than above it. Objects, in fine, which are upon the equator are
equal times below and above the horizon,

When an object rises, it gradually increases its altitude until
it reaches the meridian. It then begins to descend, and con-
tinues to descend until it sets,
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CHAP.1V. "

»
DIURNAL ROTATION OF THE EARTH.

2348. Apparent diurnal rotation of the heavens—its possible
causes, — The apparent diurnal rotation of the celestial sphere
being such as has been explained, it remains to determine what
is the real motion which produces it. Now it is demonstrable
that it may be caused indifferently, either by a real motion of
the sphere round the observer corresponding in direction and
velocity with the apparent motion, or by a real motion of the
earth in the contrary direction, but with the same angular velo-
city upon that diameter of the globe which coincides with the
direction of the axis of the celestial sphere, and that no other
conceivable motion would produce that apparent rotation of the
heavens which we witness. Between these two we are to
decide which really exists.

2349, Supposition of the real motion of the universe inad-
missible.—The fixity and absolute repose of the globe of the
earth being assumed by the ancients as a physical maxim
which did not even admit of*being questioned, they perceived
the inevitable character of the alternative which the apparent
diurnal rotation of the heavens imposed upon them, and accord-
ingly embraced the hypothesis, which now appears sg monstrous,
and which is implied in the term UNIVERSE®, which they have
bequeathed to us.

It is true that, owing to the imperfect knowledge xﬂnch pre-
vailed s to the real maﬂmtudes and distances of the bodies to
which this common motion was so unhesitatingly ascribed, the
improbability of the. supposition would not have seemed so gross
as it does to the more enlightened enquirers of our age. Never-
theless, in any view of it, and even with the most imperfect
knowledge, the hypothesis which required the. agdmission that

-
¥ Uxus, one, dnd VERsUM, turning, or rotation, — turning with one com-
mon motion of rotation,
FS5
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the myriads of bodies which appear upon the firmament should
have, besides the proper motions of several of them, such as the
moon and planets, of which the ancients were not unaware,
motions of revolution with velocities so prodigious and so mar-
vellously related that all should, in the short interval of twenty-
four hours, whirl round the axis of the earth with the unerring
harmony and regularity necessary to explain the apparent
diurnal rotation of the firmament, ought to have raised serious
difficulties and doubts.

But with the knowledge which has been obtained by the
labours of modern astronomers respecting the enormous magni-
tudes of the principal bodies of the physical universe, magni-
tudes compared with which that of the globe of the earth
dwindles to a mere point, and their distances under the expres-
sion of which the very power of number itself almost fails, and
recourse is had to colossal units in order to enable it to express
even the smallest of them, the hypothesis of the immobility of
the earth, and the diurnal rotation of the countless orbs of
magnitudes so unconceivable filling the immensity, of space
once every twenty-four hours round this grain of matter com-
posing our globe, becomes so preposterous that it is rejected,
not as an improbability, but as an absurdity too gross to be even
for a moment seriously entertained or discussed.

2350. Simplicity and intrinsic probability of the rotation of
the earth.— But if any ground for hesitation in the rejection of
this hypothesis existed, all doubt would be removed by the sim-~
plicity and intrinsic probability of the only other physical cause
which can produce the phenomena. The rotation of the globe
of the earth upon an axis passing through its poles, with an
uniform motion from‘west to east once in twenty-four hours, is
a supposition against which not a single reason can be adduced
based on improbability. ‘Such a motion explains perfectly the
apparent diurnal rotation of the celestial sphere. Being uni-
form and free from irregularities, checks, or jolts, it would not
be perceivable by any local derangement of bodies on the sur-
face of the earth, all of which would partipate in it. Obscrvers
upon the surface of our globe would be no more conscious of
it, than are the voyagers shut up in the cabin of a canal boat,

, or trangported above the clouds in the car of a balloon.

2351. Direct proofs of the earth’s rotation. — Irresistible,

nevertheless, as this logical alternative is, the universality and
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antiquity of the belief in the immobility of the earth, and the
vast physical importance of the principle in question, have
prompted enquirers to search for direct proofs of the actual
motion of the earth upon its axis. Two phenomena have ac-
cordingly been produced as immediate and conclusive proof of
this motion,

2352. Proof by the descent of a body from a great height.—
It has been already (184) shown that a body descending from a
great height does not fall in the true vertical line, which it
would if the earth were at rest, but eastward of it, which it
must, if the earth have a motion of rotation from west to east.

2353. M. Leon Foucault’s mode of demonstration.— An in-
genious expedient, by which the diurnal rotation of the earth is
rendered visible, has been conceived and reduced to experiment
by M. Leon Foucault. This contrivance is based upon the
principle, that the direction of the plane of vibration of a pen-
dulum is not affected by any motion of translation which may
be given to itsspoint of suspension. Thus, if a pendulum sus-
pended in a room and put into vibration in a plane parallel to
one of the walls be carried round a circular table, the plane
of its vibration will continually be parallel to the same wall,
and will therefore vary constantly in the angle it forms with
the radius of the table which is directed to it.

Now, if a pendulum, suspended any where so near the pole of
the earth that the circle round the pole may be considered a
plane, be put in vibration in a plane passing through the pole,
this plane, continuing parallel to its original direction as it is
carried round the pole by the earth’s rotation, will make a
varying angle with the line drawn to the pole from the position
it occupies. After being carried through a quarter of a revo-
lution it will make an angle of 90° with the line to the pole,
and-so on. In fine, the direction of the pole will appear to be
carried round the plane of vibration of the pendulum.

The same effects will be produced at greater distances from
the pole, but the rate of variation of the angle under the plane
of vibration and the plane of the meridian will be different,
owing to the effects of the curvature of the meridian.

This phenomenon, therefore, being a direct effcet of the rota-
tion of the earth, supplies a proof of the existence of that mo-
tion, attainable without reference to objects beyond the limits
of the globe.

F6
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23854. Analogy supplies evidence of the eartl’s rotation. —

The obvious analogy of the planets to the earth, which will
appear more fully hereafter, would supply strong evidence in
favour of the earth’s rotation, even if positive demonstration
were wanting, All the planets are globes like the earth, re-
ceiving light and heat from the same luminary, and, like the
earth, revolving round jit. Now all the planets which we have
been enabled to observe have motions of rotation on axes, in
times not very different from that of the earth.
* 2355, Figure of the earth supplies another proof. — Besides
these, it will be shown hereafter that another proof of the rota-
tion of the earth is supplied by a peculiar departure from the
strictly globular form,

2356. How this rotation of the earth explains the diurnal phe-
nomena.—We are then to conclude that the earth, being a globe,
has a motion of uniform rotation round a certain diameter. The
universe around it is relatively stationary, and the bodies which
composeitbeing at distances which mere vision cartnot appreciate,
appear as if they were situate on the surface of a vast celestial
sphere in the centre of which the earth revolves. This rotation
of the earth gives to the sphere.the appearance of revolving in
the contrary direction, ns the progressive motion of a boat on a
river gives to the banks an appearance of retrogressive motion ;
and since the apparent motion of the heavens is.from east to
west, the real rotation of the earth which produces that appear-
ance must be from west to east. "

IIow this motion of rotation explains the phenomena of the
rising and setting of celestial objects is easily understood. An
observer placed at any point upon the surface of the egrth is
carried round the axis in a circle in twenty-four hours, so”that
every side of the celestial sphere is in succession exposed to his
view. As he is carried upon the side opposite to that in which
the sun is placed, he sees the starry heavens visible in the ab-
sence of the splendour of that luminary. As he is turned gra-
dually towards the side where the sun is placed, its light begins
to appear in the firmament, the dawn of morning is manifested,
and the globe continuing to turn, he is brought into view of the
luminary itself, and all the phenomena of dawn, morning, and
sunrise are exhibited. While he is directed towards the side of
the firmament in which the sun is placed, the other bodies of
inferior lustre are lost in the splendour of that luminary, and
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all the phenomena of day are exhibited. When by the con-
tinued rotation of the globe the observer begins to be turned
away from the direction of the sun, that luminary declines, and
at length disappears, producing all the phenomena of evening-
and sunset. ’

Such, in general, are the effects which would attend the mo-
tion of a spectator placed upon the earth’s surface, and carried
round with it by its motion of rotation. He is the speetator of
a gorgeous diorama exhibited on a vast scale, the earth which
forms his station being the revolving stage by which he is car-
ried round, so as to view in succession the spectacle which
surrounds him.

These appearances vary with the position assumed by the
observer on this revolving stage, or, in other words, upon his
situation on the earth, as will presently appear.

2357, The eartk’s aais. — That diameter upon which it is
necessary to suppose the earth to revolve in order to explain
the phenomena is that which passes through the terrestrial
poles.

2358. The terrestial equator, poles, and meridians. — If the
globe of the earth be imagined to be cut by a plane passing
through its centre at right angles to its axis, such a plane will
meet the surface in a circle, which will divide it into two hemi-
spheres, at the summits of which the poles are situate. This
circle is called the TERRESTRIAL EQUATOR.

That hemisphere which includes the continent of Europe is
called the NORTHERN HEMISPHERE, and the pole which it in-
cludes is called the NORTHERN TERRESTRIAL POLE; the other
hemisphere being the soUTHERN uEMISPHERE, and including
the SOUTHERN TERRESTRIAL POLE.

If the surface of the earth be imagined to be intersected by
planes passing through its axis, they will meet the surface in
circles which, passing through the poles, will be at right angles
to the equator. These circles are called TERRESTRIAL MERI-
pI1aNs, and will be seen delineated on any ordinary terrestrial
globe.

2359. Latitude and longitude. — The positions of places upon
the surface of the earth are expressed and indicated by stating
their distance north or south of the equator, measured upon a
meridian passing through them, and by the distance of such
meéridian east or west of some fixed meridian arbitrarily selected,
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such as the meridian passing through the observatory at Green-
wich. The former distance, expressed in degrees, minutes, and
seconds, is called the LatiTung, and the latter, similarly ex-
pressed, the. LoncITUDE of the place.

2360. Fized meridiens — those of Greenwich and Pdris. —
As no natural phenomenon is found by which a fixed meridian
from which longitude is measured can be determined, astro-
nomers and geographers have not agreed in the arbitrary selec-
tion of one. The meridians of the Greenwich and Paris obser-
vatories have been taken, the former by English and the latter
by French authorities, as the starting-point. To reduce the
longitudes expressed by either to the other, it is only necessary
to add or subtract the angle under the meridians of the two ob-
servatories, which has been ascertained to be 2° 20 22”, the meri-
dian of Paris being east of that of Greenwich.

2361. How the diurnal phenomena vary with the latitude, —
Let sENQ, fig. 696., represent the earth suspended in space,
surrounded at an immeasurable distance by the stellar universe.
The magnitude of the earth being absolutely insignificant com-
pared with the distances of the stars, the aspect of these will
be the same whether they, are viewed from any point on its
surface, or from its centre. The observer may therefore,
whatever be his position on the earth, be considered as looking’
from the centre of the celestial sphere,

Let us suppose, in the first place, the observer to beat o, a
point on its surface between the equator £ and the north pole
N, the, latitude of which will therefore be oz, and will be
measurgd by the angle ocz. If a line be imagined to be
drawn frofn the centre ¢ through the place o of the observer,
and continued upw‘urds to the firmamént, it will argiye #t the
pomt 2, which is the zenith of the observer. If the térrestrial
axis 8N be imagined to be continued to the firmament, it will
arrive at the north celestial pole # and the: south celestial pole
s. If the plane of the terrestrial equator JgQ ba sgpposed to be
continued to the heavens, it will intersect ‘tha shrface of the
celestial sphere at the celestial equator @ ¢.*.

The observer placed at o will see the entire hemisphere /2%’
of which his zenith z is the summit; and the other hemisphere
ksh' will be invisible to him, being in fuct concecaled from his
view by the earth on which he stands.

1t is evident that the arc of the heavens zn between his
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zenith and the north celestial pole consists of the same number
of degrees as the arc oN of the terrestrial meridian between his

Fig. 696.

place of observation 0 and the north terrestrial pole n. The
zenith distance tlierefore of the visible pole at any place is
always equg]“toihe netual distance expressed in degrees of that
place frdm the' terrestrial pole, and as this distance is the
COMPLEMENT* OF THE LATITUDE, it follows that the zenith
distance of the visible pole is the complement of the latitude,
and that the altitude of the visible pole is equal to the latitude
of the place. v

.

* The complement of an angle or arc is that number of degrees by which
it differs from 90°%  Thus 30° is the complement of 60°,
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2362. Method of finding the latitude of the place.— The
latitude of the place of observation may therefore be always
determined if the altitude of the celestial pole can be observed.
If there were any star situate precisely at the pole, it would
therefore be sufficient to observe its altitude. There is, however,
no star exactly at the pole, although, as has been already
observed, the POLE STAR is very near it. The altitude of the
pole is found,=therefore, not by one, but by two observations.
The pole star, or any other star situate near the pole, is carried
round it in a circle by the apparent diurnal motion of the
sphere, and it necessarily crosses the meridian twice in each
revolution, once above, and once below the pole. Its altitudein
the latter position is the least, and in the former the greatest it
ever has; and the pole itself is just midway between these two
extreme positions of this circumpolar star. To find the actual
altitude of the pole, it is only necessary therefore to take the
mean, that is, half the sum of these two extreme altitudes. By
making the same observations with several circumpolar stars,
and taking a mean of the whole, still greater accuracy may be
attained,

2363. Position of cBlestial equator and poles varies with the
latitude.— Since the altitude of the celestial pole is everywhere
equal to the latitude of the place, and since the position of the
celestial equator and its parallels in which all celestial objects
appear to be moved by the diurnal rotation, varies with that of
the pole, it is evident that the celestial sphere must present s
different appearance to the observer at every different latitude,
In proceeding towards the terrestrial pole, the celestial pole
will gradually approach the zenith, until we arrive at the terres-
trial pole, when it will actually coincide with that point; and in
proceeding towards the terrestrial equator the celestial pole
will gradually descend towards the horizon, and on arriving at
the Line it will be actually on the horizon.

2364. Parallel sphere seen at the poles.—At the poles, there-
fore, the celestial pole being in the zenith, #he celestial equator
will coincide with the horizon, and by the*diurnal motion all
objects will move in circles parallel to the horizon., Every
object will therefore preserve during twenty-four hours the
same altitude and the same zenith distance. No object will
either rise or set, at least so far as the diurnal motion is
concerned,
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This aspect of the firmament is called a PARALLEL SPHERE,
the motion being parallel to the horizon. )

2365. Right sphere seen at the equator. — At the terrestrial
equator, the poles being upon the horizon, the axis of the celes-
tial sphere will coincide with a line drawn upon the plane of
the horizon connecting the north and south points. The
celestial equator and its parallels will be at right angles to the

. plane of the horizon; and since the planc of the horizon passes
through the centre of all the parallels, it will divide them all
into equal semicircles,

It follows, therefore, that all objects on the heavens will be
equal times above and below the horizon, and that they will
rise and set in planes perpendicular to the horizon.

This aspect of the firmament is called a RIGHT SPHERE, the
diurnal motion being at right angles to the horizon,

2366. Obligue sphere seen at intermediate latitudes. — At
latitudes between the equator and pole, the celestial pole holds
a place between the horizon and the zenith determined by the
latitude. The celestial equator ¢, fig. 696., and its parallels,
are inclined to the plane of the horizon at angles equal to the
distance of the pole from the zenith, and%herefore equal to the
complement of the latitude. The centres of all parallels to the
celestial equator @g which are between it and the visible pole are
above the plane of the horizon, between ¢ and N, and the centres
of all parallels at the other side of the equator below it. The
parallels, such as ¥m' and Im, will therefore be all divided un-
equally by the plane of the horizon, the visible part 7/ being
greater than the invisible part m's’ for the former, and the
invisible part mr greater than the visible part Iz for the
latter.

It follows, therefore, that all objects between the celestial
equator @¢ and the visible pole ¥ will be longer above than
below the horizon, and all objects on the other side of the
equator will be longer below the horizon than above it.

A parallel A% toethe celestial equator, whose distance from
the visible pole is equal to the latitude, will be entirely above
the horizon, just touching it at the point under the visible pole ;
and’ a corresponding parallel %%, at an equal distance from the
invisible pole, will be entirely below the horizon, just touching
it at the point above the invisible pole.

All parallels nearer to the visible pole than A%’ will be ens,
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tirely above the horizon, and all parallels nearer to the invisible
pole than %% will be entirely below it.

Hence it is that, in European latitudes, stars within a certain
limited distance of the north or visible celestial pole never set,
and stars at a corresponding distance from the s6uth or in-
visible celestial pole never rise. .

The observer can only see these by going to places of ob-
servation having lower latitudes.

This aspect of the firmament is called an OBLIQUE SPHERE,
the diurnal motion being oblique to the horizon.

2367. Objects in celestial equator equal times ebove and below
horizon, — Whether the sphere be right or oblique, the centre
of the celestial equator being on the plane of the horizon, one
half of that circle will be below, and the other above the horizon.
Every object upon it will therefore be equal times above and
below the horizon, rising and setting exactly at the east and
west points.

In the parallel sphere, the celestial equator coinciding with
the horizon, an object upon it will be carried round the horizon
by the diurnal rotation, without either rising or setting.*

2368. Method of d#ermining the longifudg of ;places. — This
perfect uniformity of the earth’s rotation, infewed from the ob-
served uniformity of the apparent rotation of the firmament, is
the basis of all methods of determining the longitude. The
longitude of a place will be determined if the angle under the
meridian of the place; and that of any other place whose lon-
gitude is known, can be found. But since, by the uniform
rotation of the globe, the meridians of all places upon it are
brought in regular succession wWnder every part of the firmament,
the moments at which the two meridians pass under the same
star, or, what is the same, the moments at which the same star
is seen to pass ‘over the two meridians, being observed, the in-
terval will bear the same ratio to the entire time of the earth’s
rotation ‘s the'difference of the longitudes of the two places
bears to 360°. ¢

* The teacher will find it advantageous to exercise the sfudent in the
subject of the preceding paragraphs, aided by an armillary sphere, or, if that
be not accessible, by a celestial globe, which will serve nearly as well.
Many questions will suggest themselves, arising out of and deducible from
what has been explained above, with respect to the various altitudes of the
phere in different latitudes.

.
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To make this more clear, let us take the case of two places
e SO and ¥, fig. 697., upon the equator.

;5 If ¢ be the centre of the earth, the

/ angle PCcP’ will be the difference be-
’," tween the longitudes. Now, let the time
/ be observed at each place at which any
/ particular star s is seen upon the me-
ridian. If the motion of the earth be
in the direction of the arrow, the me-
ridian of P will come to the star before
the meridian of ®. This necessarily
supposes P to be east of »’, since the
earth revolves from west to east. Let
the true interval of time letween the
passage of s over the two meridians be
¢, let T be the time of one complete revo-
lution of the globe on its axis, and let L
be the difference of the longitudes, or ‘the angle PCcP’; we
shall then have

/
!

Fig. 697.

£:T: L 360°%
= £ x 360
T

But in the practical solution of this problem a difficulty is pre-
sented which has conferred ‘historical celebrity upon the ques-
tion, and caused it to be referred to as the type of oll difficult
enquiries. It is supposed, in what has just been explained, that
means are provided at the two places P and »” by which the
absolute moments of the transit 8f the star over the respective
meridians may be ascertained, so as to give the exact interval
between them, If these moments be observed by any form of
chronometer, it would then be necessary that the two chrono-
meters should be in exact accordance, or, what js the same, that
their exact difference may be known, If a chronofneter, set
correctly by another which is stationary #t one place », be
transported to the other place ®/, this object will be attained,
subject, however, to the error which may be incidental to the
rate of the chronometer thus transported. If the distance be-
tween the places be not considerable, the chronometers may thus
be brought into very exact accordance; but when the distance
“ is great, and that a long interval must elapse duriing the trans-
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port of the chronometer, this expedient is subject to errors too
considerable to be tolerated in the solution of a problem of such
capital importance. '

It will be apparent that the real” obJect to be attained is, to
find some 'pllenomqnoﬁ suﬁiclently m§tqhtaueous in its mani-
festatnoq to mafk,_,mth -all: the, heecssary precxsxon, a certain
moment of tlme Such o ,pBenomenon would be, for example,
the_sudden: extmcnon' oj' a c(mspncuous lm‘ht‘seen at once at
botf) places -'Ths morent of suck,a hehomenon bemnr ob-
senwed bz’ me:ms of 'two. ohronome’ters 4t the _@laces, -the dlﬂ'(,r-
gnee of the dfmes jndicated by | them ould be knoivn, and they
“would-then sexve for the detérminatiofi of the, differéntee of the
lbngltgaes By thé method “explained above:* SeVelﬁl pheno-
mena, Yoth® terre,stnnl and gelestial, have accordmgly been
uséd forthis, 1 purpose. Athong the fmme} may be mentioned
thé sudden extmcmoh of the oxyhydrogen or electric light, the
explosion. of artocket, &e.; Among the latter, the extinction of a
star by 'the‘de; of the moon passing over it, and the eclipse of
the satellites of cértain [ﬂanets, phenomena which will be more
fully notited hereafter,

2369. Lunar method of finding the longitudé. — The change
of position of the méofi with relation to the sun and stars being
very rapid} aﬂbrds another phenomenon which has been found
of great un]nty in the 'dote'rmmatlon.of the lopgitude, especnlly
for the purposes of sariners. Tablés are calculated in which
the moon’s apparent,‘dls;anees from the sun, &nd many of the .
most conspicuous fixed stars,are given for short intervals of time,
and the exact times at Greenwich when the moon has these
distances are giveh. If then the mariner, observing with proper
instruments the position of the moon with relation to these
objects; cobmpares his observed distances witR the tables which
are supplied todim in the Nautical Almanack, he will find, the
time at Greenwich corresponding -to, the moment of hiz obser-
vation ; and being always, by the ordmary methods, able to de-
termine by observation the local fimé-is the place of his obser-
vation, the difference gives*him the time requﬁ'ed for a star to
pass from the meridian of Greenwxch t the meridian of the
place of his observation, orteice versi; and this time gives the
longitude, as already -explained. * -

This last is knowir-ad the LUNAR AXETILQD OF DETERMINING
THE LONGITUDE.
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In practice, many details are necessary, and various calcula-
tions must be made, which cannot be explained here.

2370. Method b3 Y electric telegraph.— When_two places are
connected by a line of electric telegraph, their difference of
longitude can be easily and exactly detennmed inasmuch as in-
stantaneous signals can ‘I!e'trnnsmltmd' by whic h thelocnl tlacks
can be compared aid reouluted, and; if 3% beSo desired, kept in
exact adcordance, A

2371, Parallels qf’l‘ahtude.—- A serigs.of } pmnts 'on,the eatth
which are at equdk distances. from the equator, ar which bafe
the same lutltude,. f'oun & circlé pal‘alfel to -the equator, caﬂed 8
PARALLEL E_LATyTUDE. s

Thus qll places;wlnch lave she same Jatitude are en"tie syme
parallel. *

All places.whicl: are on the same merldmn h;we- the, same
longitude.

‘CHAP. V.

SPHEROIDAL FORII, MASS; AND DEI\'SI'I‘¥ OF TIE EARTH.

2372, Progress of physical mvestcgaﬂan approtimative.—~ It is
the condition of man, an probably of all other finite intelli-
gences, to arrivé at the possession of kmowledge by the slow
and laborious process of a sort of” system of trial and error.
The first conclusions to which, in physical enquiies, observation
conducts us, are never better than very rough;approximations
to the truth. These being submitted to subsequent gomparison
with the originals, andergo a first series of correctionspthe more
prominent and conspicuous departures from conformity being
removed. A second approxiration, but still only an approxi-
mation, is thus obtained ; and another and still more severe com-
parison with the phenomen_fg under investigation is made, and
another order of correctiops is effected, and a closer approxima-
tion obtained. Nor does thig progressive approach to perfect
exactitude appear to have any limity”™ The Dbest results of our
intellectual labours are stilF only close resemblances to truth,
the absolute pert‘ectlon of which is*Pr ‘obably reserved for a
‘higher intellectual st'lte
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The labours of the physical enquirer resemble those of the
sculptor, whose first efforts produce from the block of marble a
rude and uncouth resemblance of the human form, which only
approaches the grace and beauty of nature by comparing it in-
cessantly and indefatigably with the original ; detaching from
it first the grosser and rougher protuberances, and subsequently
reducing its parts by the nicer and more delicate touches of the
chisel to near conformity with the model,

It would however be a great mistake to depreciate on this
account the results of our first efforts in the acquisition of a
knowledge of the laws of nature. If the first conclusions at
which we arrive are erroneous, they are not therefore the' less
necessary to the ultimate attainment of more exact knowledge.
They prove, on the contrary, not only to be powerful agents in
the discovery of those corrections to which they are themselves
to be submitted, but to be quite indispensable to our progress
in the work of investigation and discovery.

These observations will be illustrated by the process of in-
struction and discovery in every department of physical science,
but in none so frequently and so forcibly as in that which now
occupies us.

23873. Figure of the earth an example of this. — The first
conclusions at which we have arrived respecting the form of the
earth is that it is a globe; and with respect to its motion is, that
it is in uniform rotation round one of its diameters, making one
complete revolution in twenty-four hours sidereal time, or
23h 56m 4-09% common or civil time.

2374, Globular figure imcompatible with rotation.— The
first question then which presents itself is, whether this form
and rotation are compatible? It is not difficult to show, by the
most simplé principles of physics, that they are not ; that with
such a form such a rotation could not be maintained, and that
with such a rotation such a form could not permanently con-
tinue. And if this can be certainly established, it will be ne-
cessary to retrace our steps, to submit our former conclusions
to more rigorous comparison with the objects and phenomena
from which they were derived, and ascertain which of them is
inexact, and what is the modification and correction to which it
must be submitted in order to be brought into harmony with
the other,

2375. Rotation cannot be modified — supposed form may.—
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The conclusion that the earth revolves on its axis with 2 motion
corresponding to the apparent rotation of the firmament, is one
which admits of no modification, and must from its nature be
either absolutely admitted or absolutely rejected. The globular
form imputed to the earth, however, has been inferred for ob-
servations of a general nature, unattended by any conditions of
exact measurement, and which would be equally compatible
with innumerable forms, departing to a very considerable and
measurable extent from that of an exact geometrical sphere or
globe.
2376. Low rotution would affect the superficial gravity on a
- globe.—Let N s, fig. 698., repre-
e sent a section of a globe supposed
-1 _‘:\/&‘ to have a motion of rotation round

the diameter Ns as an axis. Every

,_‘!R ’ /\l;__ point on its surface, such as P or ¢/,
- will revolve in a circle, the centre
«—-IK/ '\\\L of which o or o’ will be upon the
__k . : axis, and the radius o P or o’ p”
\J_/ will gradually decrease in ap-
proaching the poles N and s, where
Fig. 698. no motion takes place, and will
gradually increase in approaching the equator Q 0 , where the
circle of rotation will be the equator itself.
A body placed at any part of the surface, such as p, being
thus carried round in a circle, will be affected by a centrifugal
force, the intensity of which will be expressed by (314)

N

c=1226 XR X N2 X W,

where »=P o, the radius of the circle, N the fraction of a revo-
lution made in one second, and W the weight of the body, and
the direction of which is p ¢.

This centrifugal force being expressed by P ¢ is equivalent
(170) to two forces expressed in intensity and direction by p m
aud P . The component p s is directly opposed to the weight
w of the body, which acts in the line p o directed to the centre,
and has the effect of diminishing it. "The component P z being
directed towards the equator Q, has a tendency to cause the body
to move towards the equator; and the body, if free, would ne-
cessarily so move.

Now it will be evident, by the mere inspection of the diagram,
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that the nearer the pomt P is to the equator Q, the more di:
rectly will thé centrifugal force P ¢ be opposed to the weight,
and consequently the greater will be that component of it, P m,
which will have the effect of diminishing the weiglt.
" But this diminution of the weight is further,augmented by
-the increase of tlie actual intensity of the centrifugal force itself
in approaching the equator. - By the above formula, it appears
that the intensity of the centrifugal force must increase in pro-
portion as the radius R or Po increases. Now it is apparent
that po increases gradually in going from p-to q, since P/ o' is
greater, and Q O greater still than Po; and that, on the other
hand, it decreases in going ﬁom P to N or s, where it becomes
nothmg

Thus the effect of the centrifugal ferce in dlmlmshm« welght
being nothing at the pole N or s, gradually increases in-ap-
proaching the equator; first, because its absolute intensity gra-
dunlly increages; and secondly, because it is more and mare
directly opposed to gravity until we arrive at the equator itself,
where its intensity is greatest, and where it is directly opposed
to gravity. ’

The effects, therefore, produced by the rotation of a globe,
such as the earth has been assumed to be, are—1° The decreasc-
of the weights of bodies upon its surface, in going from the pole
to the equator; and 2°. A tendency of all-such bodies as are free
to move from higher latitudes in either hemxsphere towards the
equator, :

2377. Amount of the diminution of weight prodyuced at the
equator by centrifugal force.— This quantity may be casily
computed by means of thd formula.

o= 1:226 X R X N2 X W,

Taking the radius of the equator in round numbers (which are
sufficient for this purpose) at 4000 miles, and reducing it to feet,
and reducing the tnme of rotatlon 23hb- uG'n —1 09° to secondc we
shall have :

1

r = 21,120,000, Ne= — -t
] ) > y . 86,206
substituting these numbers we have

c= 1,226 x 21, 190000)((80 ;16)2><W
¥4 ’
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and executing the arithmetical operations here indicated, we
find ' ’

= 5877 XW.
The centrifugal force would-therefore be the 287th part of the
weight, and as it is directly opposed to gravity, the weight
would sustain this entire loss.

2378. Loss of weight at other latitudes.— The centrifugal
force at any latitude P would be less than at @ in the ratio of 0 @
to or. But the part of this B m which is directly opposed to
.the weight is less than the whole P ¢, in the ratio of ® ¢ toPm,
“or, what is the samé, of PD or 0 @ toP 0. If then ¢” express the
whole centrifugal force at p, and ¢ that part of it which is di-
vectly opposed to gravity, we shall have

.1 _pPo " (PZ)
C=— [— =
w00 < =%5% 237

The number which expresses ;;-giq that which is called in

Trigonometry the cosine of the are P g, that is, the cosine of the
latitude. Therefore we have

\

2

c 1
287
The loss of we:ght, therefore, which would be sustained by
reason of the centrifugal force at any proposed latitude, would
be a frnctlon of the whole weight found by dividing the square
of the cosine of Iatitude by 287.

879. Effect of centrifugal force on the geographical condi-
tian qf the surface of the globe. — In what precedes, we have
only considered the effect of that one, P m, of the two components
of the centrifugal force which is opposed to the weight. Tt
remains to examine the effect of the other, » n, which is directed
towards the equator.

If the surface of the globe were composed altogether of solid
Jmatter, of such coherence as to resist separation by the agency
of this force, no other effect would take place except a tendency
towards the equator, which would be neutralized by cohesion.
But if the surface or any parts of it were fluid, whether liquid
or gaseous, such parts, in virtue of their mobility, would yield
to the impulse of the element » » of the centrifugal force, and

phivy G
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would flow towards the equator. The waters of the surface
would thus flow from the higher latitudes in either hemisphere,
and accumulating round the equator, the surface of the globe
would be resolved into two great polar continents, separated by
a vast equatorial ocean.

2380. Suck effects not existing, the carth cannot be an evact
globe.—But such is not the actual geographical condition of the
surface of the globe. On the contrary, although about two-thirds
of it are covered with water, no tendency of that fluid to aceu-
mulate more about the equator than elsewhere is manifested.
Land and water, if not indifferently distributed over the surface,
are certainly not apportioned so as to indicate any tendency such
as that above described. If| therefore, the rotation of the earth be
admitted, it follows that its figure must be such as to counteract
the tendency of fluid matter to flow towards any one part of the
surface rather than any other. In short, its figure must be
such that gravity itself shall counteract that element pz of the
centrifugal force which tends to move a body from the higher
latitudes of either hemisphere towards the equator.

238). The figure must thereforebe some sort of oblate
spheroid.— Now this condition would be fulfilled, if the earth,'
instead of being an exact sphere, were an oblate spheroid, hav-
ing a certain definite ellipticity, —that is, a figure which would
be produced by an ellipse revolving round its shorter axis.
Such a figure would resemble an orange or a turnip. It would
be more convex at the equator than at the poles. A globe com-
posed of elastic materials would be reduced to such a figure by
pressing its poles together, so as to flatten more or less the sur-
face of these points, and produce a protuberance around the equa-
w tor. The meridians of such a globe

would be ellipses, having its axis as
their lesser axis, and the diameters of
at @ the equator as their greater axes.

The form of the meridian would
be such as is represented in fig. 699.,

s NS being the axis of rotation, and
Fig. 699. ZEQ the equutonnl diameter.

2382 Its ellipticity must depend on gravity and centrifugal
Sorce.—The protuberance around the equator may be more or
less, according to the ellipticity of the spheroid ; but since the
distribution of land and water is indifferent on the surface,

)
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having no prevalence sbout the equator rather than about the
poles, or vice versd, it is evident that the degree of protuberance
must be that which counteracts, and no more than counteracts,
the tendency of the fluids, in virtue of the centrifugal force, to
flow towards the equator. This protuberance may be consi-
dered as equivalent in its effects to an acclivity of regulated in-
clination, rising from each pole towards the equator. To arrive
at the equator the fluid must ascend this acclivity, to which
ascent gravity opposes itself, with a force depending on its
steepness, which increases with the magnitude of the protu-
berance, or, what is the same, with the ellipticity of the
spheroid. If the ellipticity be less than is necessary to coun-
teract the effect of the centrifugal force, the fluid will still flow
to the equator, and the earth would consist, as before, of a great
equatorial ocean separating two vast polar continents. If the
ellipticity were greater than is necessary to counteract the effect
of the centrifugal force, then gravity would prevail over-the cen-
trifugal force, and the waters would flow down the acclivities of
the excessive protuberance towards the poles, and the earth
would consist of a vast equatorial continent separating two
polar oceans.

_ Since the geographical condition of the surface of the earth
is not consistent with either of these consequences, it is evident
that its figure must be an oblate spheroid, having an ellipticity
exactly corresponding to the variation of gravity upon its sur-
face, due to the combined effect of the attraction exerted by its
constituent parts upon bodies placed on its surface, and the cen-
trifugal force arising from its diurnal rotation.

It remains, therefore, to determine what this particular degree
-of ellipticity is, or, what is the same, to determine by what
fraction of its whole length the equatorial diameter £ Q exceeds
the polar axis N 8.

2383. Ellipticity may be calculated and measured, and the
results compared.—The degree of ellipticity of the terrestrial
spheroid may be found by theory, or ascertained by observation
and measurement, or by both these metheds, in which case the
accordance or discrepancy of the results will either prove the
validity of the reasoning on which the theoretical calculation is
founded, or indicate the conditions or data in such reasoning

which must be modified.
G 2
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Both these methods have accordingly been adopted, and their
results are found to be in complete harmony.
2384, Lllipticity calculated.— The several quantities which
are involved in this problem are : —
1. The time of rotation = R.
2. The fraction of its whole length by which the equatorial
exceeds the polar diameter = e.

3. The fraction of its whole weight by which the weight of a
body at the pole exceeds the weight of the same bedy at
the equator = w.

4. The mean density of the earth.

5. The law according to which the density of the strata

varies in proceeding from the surface to the centre.

All these quantities have such a mutual dependance, that
when some of them are given or known, the others may be
found.

It whatever way the solution of the problem may he ap-
proached, it is evident that the form of the spheroid must be the
same as it would be if the entire mass of the earth were fluid.
If this were not so, the parts actually fluid would not be found,
as they are always, in local equilibrium. The state of relative
density of the strata proceeding from the surface to the centre
is, however, not so evident. Newton investigated the question
by ascertaining the form which the earth would assume if it
consisted of fluid matter of uniform density from the surface to
the centre ; and the result of his analysis was that, in that case,
assuming the time of rotation to be what it is, the equatorial
diameter must exceed the polar by the 230th part of its whale
length, and gravity at the pole must exceed gravity at the
equator by the same fraction of its entire force.

A4 physical science progressed, and mathematical analysis
was brought to a greater state of perfection, the same problem
was investigated by Clairault and several other mathematicians,
under more rigorous conditions. The uniform density of the
constituents of the earth —a highly improbable supposition—
was put aside, and it was assumed that the successive strata from
the centre to the surface increased in density according to some
undetermined conditions. It was assumed that the matual
attraction of all the constituent parts upon any one part, and
the effect of the centrifugal force arising from the rotation, are
in equilibrium; so that every particle composing the spheroid,
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from its centre to its surface, is in repose, and would remain so
were it free to move. ’

By a complicated and very abstruse, but perfectly clear and
certain mathematical analysis, it has been proved that the
quantities above mentioned have the following relation. Let »
express a certain number, the amount of which will vary with
R.  We shall then have

et+w=r.

Now it has been shown that when rR=23h: 56m 4-09%, the
number r will be y13, so that in effect

1
et w =115 .

This result was shown to be true, whatever may be the law
according to which the density of the strata varies.

It further results from these theoretical researches that
the mean density of the entire terrestrial spheroid is about
twice the mean density of its superficial crust.

It follows from this that the density of its central parts must
greatly exceed twice the density of its crust.

It remains, therefore, to see how far these results of theory
are in accordance with those of actual observation and mea-
surement,

2385. Ellipticity of terrestrial spheroid by observation and
measurement.—If a terrestrial meridian were an exact circle,
as it would necessarily be if the earth were an exact globe,
every part of it would have the same curvature. But if it were
an ellipse, of which the polar diameter is the lesser axis, it
would have a varying.curvature, the convexity being greatest
at the equator, and least at the poles. If, then, it can be ascer-
tained by observation, that the curvature of a meridian is not
uniform, but that on the contrary it increases in going towards
the Line, and diminishes in going*towards the poles, we shall
obtain a proof that its form ig that of an oblate spheroid.

To comprehend the method of ascertaining this, it must be
considered that the curvature of circles diminishes as their
diameters are augmented. It is evident that a circle of one
foot in dinmeter has a less degree of curvature, and is less
convex than a circle one inch in diameter. But an arc of a
circle of a given angular magnitude, such for example as 1°,

a3
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has a length proportional to the diameter. Thus, an arc of 1°
of a cirole a foot in diameter, is twelve times the length of
an are of 1° of a circle an inch in diameter. The curvature,
therefore, increases as the length of an arc of 1° diminishes. |

If, therefore, a degree of the meridian be observed, and
measured, by the process already explained (2317), at different
latitudes, and it is found that its lengfh is not uniformly the
same as it would be if the meridian were a circle, but that it is
less in approaching the equator, and greater in approaching the
pole, it will follow that the convexity or curvature increases
towards the equator, and diminishes towards the poles; and
that consequently the meridian has the form, not of a circle,
but of an ellipse, the lesser axis of which is the polar diameter.

Such observations have accordingly been made, and the
lengths of a degree in various latitudes, from the Line to 66° N,
and to 35° S., have been measured, and found to vary from
363,000 feet on the Line to 367,000 feet at lat. 66°.

From a comparison of such measurements, it has been ascer-
tained that the equatorial diameter of the spheroid exceeds the
polar by 5} ,th of its length. Thus (2384) °

1
555"

2386. Variation of gravity by observation.— The manner in
which the variation of the intensity of superficial gravity at
different latitudes is ascertained by means of the pendulum, has
been already explained (552). From a comparison of these
observations it has been inferred that the effective weight of a
body at the pole exceeds its weight at the equator by about the
15+th* part of the whole weight.

2387. Accordance of these results with theory.— By com-
paring these results with those obtained hy Newton, on the
supposition of the uniform density of the earth, a discrepancy
will be found sufficient to prove the falschood of that sup-
position. The value of e found by Newton is 345, its actual
value being 543, and that of w 515, its actual value being 3.

On the other hand, the accordance of these results of obser-
vation and measurement with the more rigorous conclusions of
later researches is complete and striking.

e =

* Different values are assigned to this— Sir John Herschel prefers {};, the
Astronomer Royal 1};. We have taken a mean between these estimates,
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If in the relation between e and w, explained in (2384),

1
e+ w= m’
we substitute for 1 the value 3+, obtained by observation, we
find
1 1 _ 1

=115 187 300

which is the value of w obtained by computation founded on
measurement.

2388, Diminution of weight due to ellipticity.—1It has been
already shown (2377) that the loss of weight at the equator due
to the centrifugal force is the 287th of the entire weight. From
what has been stated (2386), it appears that the actual loss of
weight at the equator is greater than this, being the 187th part
of the entire weight. . The difference of these is

1 1 _ 1
187 287 537

It appears, therefore, that while the 287th part of the weight
is balanced by the centrifugal force, the actual atiraction
exerted by the earth upon a body at the equator is less than at
the pole by the 537th® part of the whole weight. This differ-
erce is due to the elliptical form of the meridian, by which the
distance of the body from the centre of the earth is augmented.
2389. Actual linear dimensions of the terrestrial spheroid.—
It is not enough to know the proportions of the earth. It is
required to determine the actual dimensions of the spheroid,
The following are the lengths of the polar and equatorial dia-
meters, according to the computations of the most eminent and

recent authorities : —

Bessel, Alry,
Miles. Mites.
Polar diameter - - - - - 78993 14 ZR99'170
Equatorial diameter - - - - 7925-G04 7925648
Absolute difference 26-471 26478
Excess of the eq- atorial exprcs:cd ina l’rnctlon } [ 1
of its entire length - - 299:407 299330

The close coincidence of these results supplies a striking

* According to Herschel, the 590th part,
G 4



128 ASTRONOMY.

example of the precision to which such calculations have been
brought,

The departure of the terrestrial spheroid from the form of an
exact globe is so inconsiderable that, if an exact model of it
turned in ivory were placed before us, we could.mnot, either by
sight or touch, distinguish it from a perfect billiard ball. A
figure of & meridian accurately drawn bn paper ¢ould only be
distinguished from a circle by the most precise measurement.
If the major axis of such an ellipse were equal in length to the
page now under the eye of the reader, the lesser axis would
fall short of the same length less than the fortieth of an inch.

2390. Dimensions of the spheroidal equatorial excess.—1If a
sphere Ngsg be imagined to be inscribed within the terrestrial
spheroid having the polar axis Ns, fig. 700,, for its diameter, a

N spheroidal shell will be ineluded
between its surface and that of
the spheroid composed of the
protuberant matter, having a
thickness Qg of 26 miles at the
equator, and becoming gra-
dually thinner in proceeding to
S the poles, where its thickness

Tig. 700. vanishes. This shell, which con-
stitutes the equatorial excess of the spheroid, and which, as
will hereafter appear, has a density not more than half the
mean density of the earth, the bulk of which, moreover, would
be imperceptible upon a mere inspection of the spheroid, is
nevertheless attended with most important effects, and by its
gravitation is the origin of most striking phenomena not only
in relation to the moon, but also to the far .more distant mass
of the sun. *

2391. Density and rnass of the earth by observation. — The
magnitude of the earth being known with great precision, the
determination of its mass and that of its mean density become
one and the same problem, since the comparison of its mass
with its magnitude will give its mean density, and the com-
parison of its mean density with its magnitude will give its
mass.

The methods of ascertaining the mass or actual quantity of
matter contained in the earth are all based upon a comparison
of the gravitating force or attraction which the earth exerts
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upon an object with the attraction which some other body,
whose mass is exactly known, exerts on the same object. It is
assumed, as a postulate or axiom in physics, that two masses of
matter which at equal distances exert equal attractions on the
same body, must be equal. But as it is not always possible to
bring the attracting and attracted bodies to equal distances,
their attractions at unequal distances may be observed, and the
attractions which they would exert at equal distances may
be thence inferred by the general law of gravitation, by which
the attraction exerted by the same body increases as the square
of the distance from it is diminished.

Thus, if £ be the mass of the earth, o the attraction it exerts
at the distance D from its centre of gravity, and A’ the attrac-
tion it exerts at any other distance D", we have —

AA D2 D%
and therefore
A =4a X 1%25.

If a be the attraction which any mass m of known quantity
exerts at the distance »’ upon the same body upon which the
earth exerts the attraction A’, we shall have —

E:miiA la;
and therefore

A7 A D
E=mX — =mX = X —x
a a D2

If, therefore, the mass m, the ratio of the attractions A and a,
and the ratio of the distances D and p’, be respectively known,
the mass E of the earth can be computed.

2392. Dr. Mashelyne's solution by the attraction of Schehal-
lien. — This celcbrated problem consisted in determining the
ratio of the mean density of a mountain called Schehallien,
in Perthshire, to that of the earth, by ascertaining the amount
of the deviation of a plumb-line from the direction of the true
vertical produced by the local attraction of the mountain.

To render this method practicable, it is necessary that the
mountain selected be a solitary one, standing on an extensive
plain, since otherwise the deviation of the plumb-line would be
affected by neighbouring eminences to an extent which it might
not be possible to estimate with the necessary precision. No’

G o
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eminence sufficiently considerable exists near enough to Sche-
hallien to produce such disturbance.

The mountain ranging east and west, two stations were
selected on its northern and southern acclivities, so as to be
in the same meridian, or very nearly so. A plumb-line, attached
to an instrument called a zenith sector, adapted to measure
with extreme accuracy small zenith distances, was brought to
each of these stations, and the distance of the same star, seen
upon the meridian from the directions of the plumb-line, were
observed at both places.

The difference between those distances gave the angle under
the two directions of the plumb-line. This will be more
clearly understood by reference to jfig. 701, where P and

Fig. 701.

»/ represent the points of suspension of the two plumb-lines.
If the mountain were removed, they would hang in the direc-
tions rc and P'c of the earth’s centre, and their directions
would be inclined at the angle PCP. But the attraction exerted
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by the interjacent mass produces on each side a slight deflec-
tion towards the mountain, so that the two directions of the
plumb-line, instead of converging to the centre of the earth ¢,
converge to a point ¢ nearer to the surface, and form with each
other an angle Pcp’ greater than rc P by the sum of the two
deflections cpec and CcP’c.

Now by means of the zenith sector the distances sz and sz’
of the points z and z’ from any star such as s, can be observed
with a precision so extreme as not to be subject to a greater
error than a small fraction of a second. The difference of these
distances will be —

sz —sz =27,

the apparént distance between the two points z and z’' on the
heavens to which the plumb-line points at the two stations.
This distance éxpressed in seconds gives the magnitude of the
angle pcp’ formed by the directions of the plumb-line at the
two stations, which is the sum of the deflection produced by the
local attraction of the mountain.

If the mountain were not present, the angle PCP could be
ascertained by the zenith sector ; but as the indications of that
instrfiment have reference to the direction of the plumb-line, it
is rendered inapplicable in consequence of the disturbing effect
of the mountain.

To determine the magnitude of the angle P¢r, therefore, the
direct distance between the stations P and ¥’ is ascertained by
making a survey of the mountain which, as will presently
appear, is also necessary, in order to determine its exact
volume. For every hundred feet in the distance between P and
r’ there will be 1” in the angle Pce’ (2319). Finding, there-
fore, the direct distance between P and » in feet, and dividing
it by 100, we shall have the angle P ¢ ®’ in seconds,

In the case of the experiment of Dr, Maskelyne, which was
made in 1774, the angle PC® was found to be 417, and the
angle pcP’ 53", The sum of the two deflections was there-
fore 12",

The survey of the mountain supplied the data necessary to
determine its actual volume in cubic miles, or fraction of a
cubic mile. An elaborate examination of its stratification, by
means of sections, borings, and the other usual methods, sup-
plied the data necessary to determine the weights of its com-

G 6
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ponent parts, and thence the weight of its entire volume ; and
the comparison of this weight with its volume gave its mean
density.

If the mean density of the earth were equal to that of the
mountain, the entire weight of the earth would be greater than
that of ‘the mountain, in exactly the same proportion as the
entire volume of the earth exceeds that of the mountain; and
these volumes being known, the weight £ of the earth on that
supposition was computed, and by the formula given in (2391),

or others based upon the same principles, the ratio 2 of the

attraction of the earth to that of the mountain was computed,
and thence the deflections which the mountain would produce
was found, which instead of 12” was about 24”. It followed,
therefore, that the density of the earth must be double, or, more
exactly, eighteen-tenths of that of the mountain, in order to re-
duce the deflections to half their computed amount.

The mean density of the mountain having been ascertained
to be about 2} times that of water, it followed, therefore, that
the mean density of the earth is about five times that of water.

2393, Cavendisk’s solution. — At a later period Cavepndish
made the experiment which bears his name, in which the at-
traction exerted by the earth upon a body on its surface was
compared with the attraction exerted by a large metallic ball on
the same body ; and this experiment was repeated still more re-
cently by Dr. Reich, and by the late Mr. Francis Baily, as the
active member of a committee of the Royal Astrononiical So-
ciety of London. All these several experimenters proceeded
by methods which differed only in some of their practical de-
tails, and in the conditions and precautions adopted to obtain
more accurate results.

In the apparatus‘used by Mr. Baily, the latest of them, the
attracting bodies with which the globe of the earth was com-
pared were two balls of lead, each a foot in diameter. The
bodies upon which their attraction was manifested were small
balls, about two inches in diameter. The former were supported
on the ends of an oblong horizontal stage, capable of being
turned round a vertical axis supporting the stage at a point
midway between them. Let fig. 702. represent a plan of the
apparatus. The large metallic balls 8 and 8’ are supported
upon a rectangular stage represented by the dotted lines, and
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so mounted as to be capable of being turned round its centre
C in its own plane. Two small balls @, @, about two inches in

Ig. 702,

diameter, are attached to the ends of a rod, so that the distance
between their centres shall be nearly equal to ns’. This rod is
supported at ¢ by two fine wires at a very small distance
asunder, 50 that the balls will be in repose when the rod aa’ is
directed in the plane of the wires, and can only be turned from
that plane by the action of a small and definite force, the in-
tensity of which can always be ascertained by the angle of de-
flection of the rod a@a’. The exact direction of the rod aa’ is
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observed, without approaching the apparatus, by means of two
small telescopes T and T, and the extent of its departure from
its position of equilibrium may be measured with great precision
by micrometers. ,

In the performance of the experiment a multitude of precau-
tions were taken to remove or obviate various causes of dis-
turbance, such as currents of air, which might arise from
unequal changes of temperature which need ‘not be described
here. ’ .

The large balls being first placed at a distance from the
small ones, the direction of the rod in its pbsition of equili-
brium was observed with the telescopes 1. The stage sup-
porting the large balls was then turned until they were
brought near the small ones, as represented at ss’. It was
then observed that the small balls were attracted by the large
ones, and the amount of the deflection of the rod aa’ was
observed. .

The frame supporting the large balls was then turned until
B was brought to &, and B” to b/, so as to attract the small balls
on the other side, and the deflection of ¢ a’ was again observed.
In each case the amount of the deflection being exactly ascer-
tained, the intensity of the deflecting force, and its ratio to the
weight of the balls, became known.

The properties of the pendulum supplied a very simple and
exact means of comparing the attraction of the balls B and B’
with the attraction of the earth. « The balls @ a’ were made to
vibrate through a small arc on each side of the position which
the attraction gave them, and the rate of their vibration was
observed and compared with the rate of vibration of a common
pendulum. The relative intensity of the two attractions was
computed from a comparision of these rates by the principles
established in (542). The precision of which this process of
observation is susceptible may be inferred from the fact that
the whole attraction of the balls B8’ upon @ a' did not amount
to the 20-millionth part of the weight of the balls a ¢/, and that
the possible error of the result did not exceed 2 per cent. of
its whole amount,

The attraction which the balls BB’ would exert on @ a’, on
the supposition that the mean density of the earth is equal to
that of the metallic balls B B/, was then computed on the prin-
ciples explained in (2381), and found to be less than the actual
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attraction observed, and it was inferred that the density of the
earth was less than that of the balls B 8’ in the same ratio.

In fine, it resulted that the mean density of the earth is 567
times the density of water.

The accordance of this result with those of the Schehallien
experiment, and thie calculations upon the figure of the terres-
trial spheroid, supply a striking proof of the truth of the theory
of gravitation on which all these three independent investigations
are baséd, and of the validity of the reasoning upon which they
have been conducted. :

2394. Volume and weight of the earth.— Having ascertained
the linear dimensions and the mean density of the earth, it is a
question of mere arithmetical labour to compute its volume
and its weight. Taking the dimensions of the globe as already
stated, its volume contains

259,800 miliions of cubic miles.
382,425,60,000 billions of cubic feet.

The average weight of each cubic foot of the earth being
5-67 times the weight of a cubic foot of water, is 354:375 1bs.,
or 0-1587 of a ton. It follows, therefore, that the total weight
of the carth is

6,069,094,272 billions of tons.

N

CHAP. VI.
THE OBSERVATORY.

2395. Knowledge of the instruments of observation necessary.
— Having explained the dimensions, rotation, weight, and
density of the earth, and described generaily the aspect of the
firmament and fixed lines and points upon it by which the rela-
tive position and motions of celestial objects are defined, it will
be necessary, before proceeding to a further exposition of the
astronomical phenomena, to explain the principal instruments
with which an observatory is furnished, and to show the man--
ner in which they are applied, so as to obtain those accurate
data which supply the basis of those calculations from which
has resulted our knowledge of the great laws of the universe.
We shall therefore here explain the form and use of such of
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the instruments of an observatory as are indispensably necessary
for the observations by which such data are supplied.

2396. The astronomical clock.— Since the immediate objects
of all astronomical observation are motions and magnitudes, and
since motions are measured by the coraparison of space and
time, one of the most important instruments of observation is
the time-piece or chronometer, which is constructed in various
forms, according to the circumstances under which it is used
and the degree of accuracy necessary to be obtained, In o
stationary observatory, a pendulum clock is the form adopted.

The rate of the astronomical clock is so regulated that, if any
of the stars be observed which are upon the celestial meridian
at the moment at which the hands point to Oh Om- 0s-, they will
again point to Oh- O™ 0% when the same stars are next seen on
the meridian. The interval, which is called a sidereal day, is
divided into twenty-four equal parts, called SIDEREAL HOURS.
The lour-band moves over one principal division of its dial in
this interval. In like manner the MINUTE and SECOXD-HANDS
move on divided circles, each moving over the successive divi-
sions in the intervals of a minute and a second respectively.

The pendulum is the original and only real measure of time
in this instrument. The hands, the dials on which they play,
and the mechanism which regulates and proportions their
movements, are only expedients for registering the number of
vibrations which the pendulum has made in the interval which
clapses between any two phenomena. Apart from this conve-
nience a mere pendulum unconnected with wheel work or any
other mechanism, the vibrations of which would be counted
and recorded by an observer stationed near it, would equally
serve as a measure of time.

And this, in fact, is the method actually used in all exact
astronomical observations. The eye of the observer is occypied
in watching the progress of the object moving over the wires
(2302) in the field of view of the telescope. IHis ear is occupied
in noting, and his mind in counting the successive beats of the
pendulum, which in all astronomical clocks is so constructed as
to produce a sufficiently loud and distinct sound, marking the
close of each successive second. The practised observer is
enabled with considerable precision in this way to subdivide a
second, and determine the moment of the occurrence of a phe-
nomenon within a small fraction of that interval. ,A star, for
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example, is seen to the left of the wire mm/ at s, fig. 703, at
- one beat of the pendulum, and to the right
of it at &' with the next. The observer
‘I ! estimates with great precision the proportion
inwhichthe wiredivides the distance between
the points s and &/, and can therefore deter-
‘I ' mine the fraction of a second after being at
s, at which it was upon the wire m m".
Although the art of constructing chrono-
Fig. 70s. meters has attained a surprising degree of
perfection, it is not perfect,and the RATE of even the best of
such instruments is not absolutely uniform. Tt is therefore
necessary, from time fo time to check the indications of the
clock by observing its rate. If the clock were absolutely perfect,
the pendulum. would perform exactly 24 x 60 x 60=86,400
vibrations in the interval between two successive returns of the
same star to the meridian. Now a good astronomical clock will
never make so many as 86,401 nor so few as 86,399 vibrations
in the interval. In the one case its rate would be too fast, and
in the other too slow by 1l in 86400. Even with such an
erroneous rate the error thrown upon an observation of one
hour would not exceed the 24th part of a second. If, however,
the rate be obser ved, even this error may be allowed for, and no
other will remain save the remote possibility of a change of
rate since the rate was last ascertained.

2397. The transit instrument. — All the most important
astronomical observations are made at the moment when the
objects observed are upon the celestial meridian, and in a very
extensive class of such observations the sole purpose of the
observer is to determine with precision the time when the
object is brought to the meridian by the apparent diurnal
motion of the firmament.

This phenomenon of passing the meridian is called the
TRANSIT ; and an instrument mounted in such a manner as to
enable an observer, supplied with a clock, to ascertain the exact
time of the TRANSIT is called 4 TRANSIT INSTRUMENT.

Such an instrument consists of a telescope so mounted that
the line of collimation will be successively directed to every
point of the celestial meridian when the telescope is moved
upon its axis through 180°.

This is accomplished by attaching the telescope to an axis at
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right angles to its line of collimation, and placing the extremi-
ties of such axis on two horizontal supports, which are exactly
at the same level, and in a line directed east and west. The
line of collimation when horizontal will therefore be directed
north and south; and if the telescope be turned on its axis
through 1807, its line of collimation will move in the plane of
the meridian, and will be successively directed to all points on
the celestial meridian from the north to the pole, tlience to the
zenith, and thence to the south.

The instrament thus mounted is represented in jfig. 704,

Fig. 704,

Two stone piers are erected on a solid foundation standing east
and west. In the top of each of them is inserted a metallic
support in the form of 8 ¥ to receive the ¢ylindrical extremities
of the transverse arms A,B of the instrument. The tube of the
telescope ¢cp consists of two equal parts inserted in a central
globe, forming part of the transversal axis A B, Thus mounted,
the telescope can be made to revolve like a wheel upon the axis
A B, and while it thus revolves its line of collimation would be
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directed successively to all the points of a vertical circle, the
plane of which is at right angles to the axis as. If the axis
be exactly directed east and west, this vertical must be the
meridian.

2398, Its adjustments. — This, however, supposes three con-
ditions to be fulfilled with absolute precision :

1°. The axis AB must be level.
2°, The line of collimation must be perpendicular to it.
8° It must be directed due east and west.

In the original construction and mounting of the instrument
these three conditions are kept in view, and are nearly, but
cannot be exactly, fulfilled in the first instance. In all astrono-
mical instruments the conditions which they are required to
fulfil are only approximated to in the making and mounting ;
but a class of expedients called ADJUSTMENTS are in all cases
provided, by which each of the requisite conditions, only nearly
attained at first, are fulfilled with infinitely greater precision.

In all such adjustments two provisions are necessary : firs¢, a
method of detecting and measuring the deviation from the exact
fulfilment of the requisite condition ; and secondly, an expedient
by which such deviation can be corrected.

2399. To make the axis level. —If the axis AB be not truly
level, its deviation from this direction may be ascertained by
suspending upon it a SPIRIT LEVEL.

This consists of a glass tube nearly filled with alcohol or
ether, liquids selected for the purpose, in consequence of the
absence of all viscidity, their perfect mobility, and because they
are not liable to congelation. The tube AB, fig. 705., is formed

ne 0

ARB
C B
’ Fig. 705,
slightly convex, and when it is placed horizontally with its
convexity upwards, the bubble ab produced by its deficient ful-
ness will take the highest position, and therefore rest at the
centre of its length. Marks are engraved on or attached to the
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tube at @ and b indicating the centre of its length. The tube
is attached to a straight bar ¢, or so mounted as to be capable
of being suspended from two points ¢’D/, and is so adjusted that
when the lower surface of the bar cp, or the line joining the
two points of suspension ¢’'D/, is exactly level, the bubble will
rest exactly in the centre of the tube between the marks a and 2.

To ascertain whether a surface, or the line joining two pro-
posed points, be level, the instrument is applied upon the one,
or suspended from the other. If the bubble rest between the
marks @ and &, they are level; if not, that direction towards
which it deviates is the-more elevated, and it must be lowered,
or the other raised. The operation must be repeated until the
bubble is found to rest between the central marks 2 and b,
whichever way the level be placed.

A level is provided for the transit instrument with two loops
of suspension corresponding with the cylindrical extremities of
the axis A B, fig. 704., so that its points of suspension may rest
on these cylinders. If it be found that, when the level is.properly
suspended thus upon the axis, the bubble rests nearer to one
extremity than the other, it will be necessary to raise that end
from which it is more remote, or to lower that to which it is
nearer,

To accomplish this, one of the supports in which the ex-
tremity A of the axis rests is constructed so as to be moved
through a small space vertically by a finely constructed screw.
This support is therefore raised or lowered by such means, until
the bubble of the level rests between the central marks ¢ and b,
whichever way the level be suspended.

2100, To make the line of collimation perpendicular to the
axis, — It must be remernbered, that the ling of eollimation i8 o
line drawn from the contro of the object-glian to the intersection
of the middle wires in the ficld of view of the telescope, The
centre of the object-glass is fixed relatively to the telescope, but
the wires are so mounted that the powition of theiv interscotion
can be moved through a certain small space by means of a mi-
crometer screw. One end of the line of collimation, therefore,
being moveable, while the other is fixed, its direction fay be
changed at pleasure within limits determined by the construction
of the eye-glass and its micrometer.

‘To ascertain whether the line 6f collimation is or is not at

¢ right angles to the line joining the points of support A and B,
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J9.'704., let any distant point be observed upon which the inter-
section of the wires falls. Let the instrument be then reversed
upon its supports, the end of the axis which rested on a being
transferred to 4, and that which rested on & to @, and let the
same object be observed. If it still coincide with the intersection
of the wires, the line of collimation is in the proper direction ;
but if not, its distance from the intersection of the wires will be
twice the deviation of the line of collimation from the perpen-
dicular, and the wires must be moved by the adjusting screw,
until their intersection is moved towards the object through
half of its apparent distance from it.

To render this more clear, let AB, fig. 706., represent the di-
rection of the axis, ¢p that of a line exactly at right angles to
s it, or the direction which is to be
given to the line of collimation, and
i let op” represent the erroneous di-

H rection which that line actually has.
',-" Let s be a distant object to which it
H

’
]
.f

is observed to be directed, this ob-
Jject being seen upon the intersection
of the wires. If the instrument be
reversed, the line ¢’ will have the
direction cp”, deviating as much
from cD to the right as it before de-
viated to the left. The object s will
now be seen at a distance to the left
of the intersection of the wires
which measurcs the angle »’cp”,
which is twice the angle pcp’, or
the devintion of the line of collimation fiom the perpen-
dicular DO

2401. To render the direction of the supports due eust and
west, ~ Thig i8 in some cases accomplished by o munipiax
MARK, which is a distinct object, such as & whito vertieal line
painted on o black ground, erected at a sufficient distance from
the instrument in the exact meridian of the observatory. If, on
directing the telescope to it, it is seen on the one sido or the
other of the middle wire (which ought to coincide with the me-
ridian), the direction of the axis an, fig. 704, will deviate to
the same extent from the true east and west, since it has been
already, by the previous adjustments, rendered perpendicular to
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the line of collimation. The entire instruinent must therefore
be shifted round, until the meridian mark coincides with the
middle wire. This is accomplished by a provision made in the
support on which the extremity of the axis B, fig. 704, rests, by
which it has a certain play in the horizontal direction urged by
a fine screw. In this way the axis AB is brought into the true
direction east and west, and therefore the lme of collimation
into the true meridian.

It will be observed that, in explaining the second adjust-
ment, it has been assumed that the deviations are not so great
as to throw the object 8 out of the field of view after the instru-
ment is reversed. This condition in practice is always ful-
filled, the extent of deviation left to be corrected by the ad-
justments being always very small,

2402. Micrometer wires — method of observing transit, —
In, the focus of the eye-piece of the transit instrument, the
system of micrometer wires (2302), already mentioned, is
placed. This consists commonly of § or 7 equidistant wires,
placed vertically at equal distances, and intersected at their
middle points by a horizontal wire, as represented in fig. 703.
When the instrument has been adjusted, the middle wire mm’
will be in the plane of the meridian, and when an object is seen
upon it, such object will be on the celestial meridian, and the
wire itself may be regarded as a small arc of the meridian
rendered visible.

The fixed stars, as will be explained more fully hereafter,
appear in the telescope, no matter how high its magnifying
power be, as mere lucid points, having no sensible magnitude.
By the diurnal motion of the firmament, the star passes succes- -
sively over all the wires, a short interval being interposed
between its passages. The observer, just before the star ap-
proaching the meridian enters the field of view, notes and writes
down the kours and minutes indicated by the clock, and he pro-
ceeds to count the seconds by his ear. He observes, in the
manner already explained, to a fraction of a second, the instant
at which the star crosses each of the wires; and taking a mean
of all these times, he obtains, with a great degree of precision,
the instant at which the star passed the middle wire, which is
the time of the transit.

By this expedient the result has the advantage of as many
independent observations as there are parallel wires. The
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errors of observation being distributed, are proportionally di-
minished.

When the sun, moon, or a planet, or, in general, any object
which has a sensible disk, is observed, the time of the transit is
the instant at which the centre of the disk is upon the middle
wire. This is obtained by observing the instants which the
western and eastern edges of the disk touch each of the wires.
The middle of these intervals are the moments at which the
centre of the disk is upon the wires respectively. Taking a
mean of the contact of the western edges, the contact of the
western edge with the middle wire will be obtained; and, in
like manner, a mean of the contacts of the eastern edge will
give the contact of that edge with the middle wire, and a mean
of these two will give the moment of the transit of the centre
of the disk, or a mean of all the contacts of both edges will give
the same result.

By day the wires are visible, as fine black lines intersecting
and spacing out the field of view. At night they are rendered
visible by a lamp, by which the field of view is faintly illu.
minated.

2403. Apparent motion of objects in field of view. — Since
the telescope reverses the objects observed, the motion in the
field will appear to be from west to east, while that of the
firmament is from east to west. An object will therefore enter
the field of view on the west side, and, having crossed it, will
leave it on the east side.

Since the sphere revolves at the rate of 15° per hour, 15’ per
minute, or 15" per second of time, an object will be seen to
Ppass across the field of view with a motion absolutely uniform,
the space passed over between two successive beats of the pen-
dulum being invariably 15"

Thus, if the moon or sun be in or near the equator, the disk
will be observed to pass across the field with a visible motion,
the interval between the moments of contact of the western and
eastern edges with the middle wire being 2m- 8%+, when the ap-
parent diameter is 32", Thus, the disk appears to move over
a space equal to half its own diameter in 1m- 4%,

2404. Circles of declination, or howr circles. — Circles of
the celestial sphere which pass through the poles are at right
angles to the celestial equator, and are on the heavens exactly
what meridians are upon the terrestrial globe. They divide
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the celestial equator into ares which measure the angles which
such circles form with each other. Thus, two such circles
which are at right angles include an arc of 90° of the celestial
equator, and two whlch form with each otlier an angle of 1°
include between them an arc of 1° of the celestial equator.
These CIRCLES OF DECLINATION, or HOUR CIRCLES as they are
called, are carried round by the diurnal motion of the heavens,
and are brought in succession to coincide with the celestial
meridian, the intervals between the moments of their coinci-
dence with the meridian being always proportional té the angle
they form with each other, or, what is the same, to the arc of
the celestial equator included between them. Thus, if two
eircles of declination form with each other an angle of 30°, the
interval between the moments of their coincidence with the
meridian will be two sidereal hours.

The relative position of the circles of declination with
respect to each other and to the meridian, and the successive
positions assumed by any one such circle durjng a complete
revolution of the sphere, will be perceived and understood
without difficulty by the aid of a celestial globe, without which
it is scarcely possible to obtain any clear or definite notion of
the apparent motions of celestial objects. )

2405. Right ascension. — The arc of the cclestial equator
between any circle of declination and a certain point on the
equator ‘called the FIRST POINT OF ARiES (which will be defined
hereafter), is called the RIGET ASCENSION of all objects through
which the civcle of declination passes. This arc is always under-
stood to be measured from the point where the citcle of declination
meets the celestial equator westward, that is, in the direction
of the apparent diurnal motion of the heavens, and it may
extend, therefore, over any part whatever of the equator from
0° to 360°.

Right ascension is expressed, sometimes nccordmg to angular
magmtude, in degrees, minutes, and seconds ; but since, accord-
ing to what has been explained, these magnitudes are pro-
portional to the time they take to pass over the meridian, right
ascension is also often expressed immediately by this time.
Thus, if the right ascension of an object is 15° 15’ 157, it will
be expressed also by 1b« 1m ]s.,

In general, right ascension expressed in degrees, minutes,
and seconds may be reduced to time by dividing it by 15; and if
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it be expressed in time, it may. be reduced to angular language
by multiplying it by 15.

The difference of rxght ascensions of any two objects may be
ascertained by the transit instrument and clock, by observing
the interval which elapses between their transits over the me-
ridian, . ‘This interval, whether expressed in time or reduced
to degrees, is their difference of right ascension.

Hence, if the right ascension of any one object be known,
the right ascension of all others can be found.

2406. Sidereal clock indicates right ascension.—1If the
hands of thie sidereal clock be set to OR 0= 0* when the first
poiat of Aries is on the meridian, they will at all times (sup-

-posing the rate’of the clock to be correct) indicate the right
ascension of such objects as are on the meridian. For the
motion of the hands in that case corresponds exactly with the
apparent motion of the meridian on the celestial equator pro-
duced by the diurnal motion of the heavens. While 15° of the
equator pass the meridian the hands move through 1*, and
other motions are made in the same proportion.

2407. The mural circle. — The transit instrument and side-
real clock supply means of determining with extreme precision
the instant at which an object passes the meridian; but the in-
strument is not provided with any accurate means of indicating

" the point at which the object is seen on the meridian. A circle
is sometimes, it is true, attached to the transit by which the
position of this point may be roughly observed ; but to ascer-
tain it with a precision proportionate to that with which the
transit instrument determines the right ascensions, requires an
instrument constructed and mounted for this express object in
a manner, and under conditions, altogether different from those
by which the transit instrument is regulated. The form of in-
strument adopted in the most efficiently furnished observatories
for this purpose is the MURAL CIRCLE.

This instrument is a graduated circle, similar in form and
principle to the instrument described in (2304). It is centred
upon an axis established in the face of a stone pier or wall
(hence the name), erected in the plane of the meridian. The
axis, like that of a transit instrument, is truly horizontal, and
directed due east and west. Being by the conditions on which
it is first constructed and mounted, very nearly in this position,
it is rendered exactly so by two adjustments, one of which

iia H
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moves the axis vertically, and the other horizontally, by means
of screws, through spaces which, though small, are still large
enough to enable the observer to correct the slight errors of
position incidental to the workmanship and mounting.
) The instrument, as mounted
- and adjusted, is represented in
perspective in fig. 707., where
* afis the stone wall to which the
Snstrument is attached, » the
centra} axis on which it turns;
and ¥ G the telescope, which does
not move upon the circle, but is
immoveably attached .to it, so
that the entife instrument, in-
cluding the telescope, turns in
the plane of the meridian upon
the axis D.
X A front view of the circle in
Fig. 707. the plane of the instrument is
given in fig. 708.

. Fig. f08.

The graduation is usually made on the edge, and not on the
face limb. The hoop of metal thus engraved forms, therefore,
what may be cdlled the tire of the wheel.
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Troughs o, containing mercury, are placed on the floor in
convenient positions in the plane of the instrument, in the sur-
face of which are seen, by reflection, the objects as they pass
over the meridian. _The observer is thus enabled to ascertain
the directions, as well of the images Of the objects reflected in
the mercury, as of the objects themselves, the advantage of
which will presently appear.

Convenient ladders, chairs, and couches, capable of being
adjusted by racks and other mechapical arrangements, at any
desired inclinations, enable the observer, with the utmost ease
and comfort, to apply his eye to the telescope, no matter what
be its direction,

In the more important national observatories the mural
circles are eight feet in diameter, and consequently 3015 inches
in circumference. Each degree upon the circumference mea-
suring, therefore, above eight-tenths of an inch, admits of ex-
tremely minute subdivision.

The divisions on the graduated edge of the instrument are
numbered as usual from 0° to 360° round the entire circle. The
position which the direction of the line of collimation of the
telescope has with relation to the 0° of the limb is indifferent,
Nothing is necessary excepsilmt this line, in moving round the
axis p of the instrument, shall remain conétantly in the plane of
the meridian. This condition being fulfilled, it is evident that,
as the circle revolves, the line of collimation will be specessively
directed to every poihtof the meridinn when Presented upwards,
and to every point of its reflected image in the mercury when
presented downwards.

2408. Method of . observing with it. — The position of the
instrument when directed successively to two objects on the
meridian, or to their images reflected in the mercury, being ob-
served, the angular distance, or the arc of the meridian be-
tween them, will be found by ascertaining the arc of the gra-
duated limb of the instrument, which passes before any fixed
point or index, hen the telescope i3 turned from the direction
of the one object to the direction of the other.

2409. Compound microscopes — their number and use.—
This are is observed by a compound microséope (2307), at-
tached to the wall or pler, and directed towards the graduated
limb. The mwanner in which the fraction of a division of the
limb is observed by this expedient has been alfeady explained.

2
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But to give greater precision to the observation, as well as to
efface the errors which might arise, either’ from defective cen-
treing, or from the small derangement of figure that might
arise from the flexure produced by the weight of the instrument,
several compoungd microscopes — generally six — are provided
at nearly equal distances around the limb, so that the observer
is enabled to note the position of six indices. The six arcs of
the limb which pass under them being observed, are equivalent
to six independent observations, the mean of which being taken,
the errors incidental to them are reduced in proportion to
their number.

2410. Circle primarily a di ﬂewntzal instrument. — The ob-
servations, however, thus taken fve, strictly speaking, only dif-
ferential. The arc of the meridian between the two objeets is
determined, and this arc is the difference of their meridional
distances from the zenith or from the horizon ; but unless the
positions which the six indexes have, when the line of collima-
tion is directed to the zenith or horizon, be knewn, no positive
result arises from the observations; nor can the absolute dis-
tance of any object, either from the horizon ér the zenith, be
ascertained.

2411. Metlzod of ascertamzng the horizontal pomt — The
“uadm ’ as it is technically gglled, at each of the microscopes,
in any proposed position of the.instrament, is the distance of
that microscope from the zero point of the limb. Now it is
easy to show that half the sum of the two readings at any mi-

croscope, when the telescope is successively directed to an
object and its image in the mercury, will be the reading at the
same microscope when the line of collimation is horizontal.

Let a circle be imagined to be drawn upon the stone pier
around the instrument, and let »,
Jig- 709., represent the position of
any of the microscopes. Let co be
the position” of the telescope when
directed to the object, and let z be
the position of the zero of the limb.
Let c1 be the position of the tele-
scope when directed to the image of
the same object in the mercury. If
z 2"/ = o1, 2” will be then the place
of the zcro, because the zero will be
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moved with the instrument through the same space as that
through which the telescope is moved. Since the direction ¢1
is as much below the horizon as co is above it, the direction of
the horizon must be that of the point A which bisects the arc
o1. The telescope, when horizontal, will have therefore the
direction cB, and when it has this position the zero will evi-
dently be at 2/, the point which bisects the arc z2".

The “readings”™ of the microscope M, when the telescope is
directed to 0 and 1, are a2z and Mz”. The “reading” of the
same microscope when the telescope is horizontal would be n2”.
Now it is evident, from what has been stated above, that

M2 —MzE= M2 M2 ;
and, therefore,

M2 =} (M2 +u2");
tha is, the reading for the horizontal direction of the telescope
would be half the sum of the readings for an object and its
image.

2412, Method of observing altitudes and zenith distances. —
The readings of all the microscopes, when the telescope is di-
rected to the horizon, being thus determined, are preserved as
necessary data in all observations on the altitudes or zenith
distances of objects. To detgrmine the altitude of an object o,
let the telescope be directed to ft, so that it shall be seen at the
intersection of the wires; and let the readings of the six micro-
scopes be oy, 0, 03, 04, 05, and' a4 and let their six horizontal
readings be H,, By, I3, H,, A5 and Hg. We shall have six values
for the altitudes: ’

A, =H;—0,,

Ag = Hy — 0y

Az =Hj — 03

Ay =Hy — 0y

Ay =H; — 0

Ag = Hg — 0.
These will be nearly, but not precisely, equal, because they will
differ by the small errors of observation, centreing, and form.,
A mean of the six being taken by adding them and dividing
their sum by 6, these differences will be equalized, and the errors
nearly effaced, so that we shall have the nearest approximation
to the true altitude — .

A=gla; +a,+a5+A+A; +Ag)
B 3
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The altitude of an object being known, its zenith distance
may be found by subtracting the altitude from 90°: thus, if
z express the zenith distance, we shall have

2 =90°—.A.

"2418. Method of determining the position of the pole and
equator.— The mural circle may be regarded as the celestial
meridian reduced in scale, and brought immediately under the
hands of the observer, so that all distances upon it may be sub-
mitted to exact examination and measurement. Besides the
zenith and horizon, the positions of which, in relation to the
microscopes, have just been ascertained, there are two other
points of equal importance, the pole and the equator, which
should also be established.

The stars which are so near the celestial pole that they never
set, are carried by the diurnal motion of the heavens round the
pole in small circles, crossing the visible meridian twice, once
above and once below the pole.  Of all these oircumpolar stars,
the most important and the most useful to the observer is the
pole star, both because of its close proximity to the pole, from
which its distance is only 1}° and because its magnitude is suf-
ficiently great to be visible with the telescope in the day. This
star, then, crosses the meridian above the pole and below it, at
intervals of twelve hours sidereal time, and the true position of
the pole is exactly midway between the two points where the
star thus crosses the meridian.

If, therefore, the readings of the six microscopes be taken
when the pole star makes its transit above and below the pole,
their readings‘for the pole itself will be half the sum of the
former for each microscope.

The readings for the pole being determined, those which
correspond to the point where the celestial equator crosses the
meridian may be found by substracting the former from 90°.

When the positions of the microscopes in relation to the
pole and equator are dectermined, the latitude of the observatory
will be known, since it is equal to the altitude of the celestial
pole (2362).

2414. All circles of declination represented by the circle. —
Since the circles of declination, which are imagined to surround
the heavens, are brought by the diurnal motion in succession to
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coincide with the celestial meridian (2404 ), and since that meri-
dian is itself represented by the mural circle, that circle may be
considered as presenting successively a model of every circle of
declination ; and the position of any object upon the circle of
declination is represented on the mural circle by the position of
the telescope when directed to the point of the meridian at
which the object crosses it.

If the object have a fixed position on the firmament, it is
evident that it will always pass the meridian at the same point;
and if the telescope be directed to that point and main-
tained there, the object will be seen at the intersection of
the wires regularly after intervals of twenty-four hours sidereal
time.

2415. Declination and polar distance of an object. — The
distance of an object from the celestial equator, measured upon
the circle of declination which passes through it, is ealled its
DECLINATION, and is NORTH or sOUTH, according to the side of
the equator at which the object is placed.

The declination of an object is ascertained with the mural
circle in the same manner and by the same observation as that
which gives its altitude. The readings of the microscopes for the
object being compared with their readings for the pole (2413),
give the polar distance of the object ; and the difference between
the polar distances and 90° gives the declination.

Thus the polar distance and declination of an object are to
the equator exactly what its altitude and zenith distance are to
the horizon. But since the equator maintains always the same
position during the diurnal motion of the heavens, the declina-
tion and polar distance of an cbject are not affected by that
motion, and remain the same, while the altitude and zenith
distances are constantly changing.

2416. Position of an object defined by its declination and
right ascension. — The position of an object on the firmament is
determined by its declination and right ascension. Its declina-
tion expresses its distance north or south of the celestial
equator, and its right ascension expresses the distance of the
circle of declination upon which it is placed from a certain de-
fined point upon the celestial equator.

It is evident, therefore, that declination and right ascension

define the position of celestial objects in exactly the same manner
H 4
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as latitude and longitude define the position of pl'z'lces on the
earth. A place upon the globe may be regarded as being pro-
jected on the heavens into the point which forms its zenith;
and hence it appears that the latitude of the place is identical
with the declination of its zenith.

CHAP, VIL

ATMOSPHERIC REFRACTION.

2417. Apparent position of celestial objects affected by re-
Jfraction. — It has been shown that the ocean of air which sur-
rounds, rests npon, and extends to a certain limited height above
the surface of the solid and liquid matter coniposing the globe,
decreases gradually in density in rising from the surface (719);
that when a ray of light passes from a rarer into a denser
transparent medium, it is deflected towards the perpendicular to
their common surface; and that the amount of such deflection
increases with the difference of densities and the angle of inci-
dence (978 et seq.). These properties, which air has in common
with all transparent media, produce important effects on the
apparent positions of celestial objects.
Let sa, fig. 710, be a ray of light coming from any distant
7 object s, and falling on the surface
f of a series of layers of transparent
i S matter, increasing in density down-
| wards. The ray sa, passing into
the first layer, will be deflected in
the direction aa’ towards the per-
pendicular; passing thence into the

—_— next, it will be again deflected in
— A the direction e’ a”, more towards
N fa” — the perpendicular; and, in fine,
—] passing through the lowest layer,
it will be still more deflected, and

L4 will enter the eye at e, in the di-

Fig. 710. rection a”’ ¢ : and since every object
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is seen in the direction from which the visual ray enters the
eye, the object s will be seen in the direction es’, instead of its
true direction as. The effect, therefore, is to make the object
appear to be nearer to the zenithal direction than it really is.
And this is what actually occurs with respect to all celestial
objects seen, as such objects always must be, through the at-
mosphere. The visnal ray sv, fg. 711., passing through a

&S

—

2

B

Fig. 711.
succession of strata of air, gradually and continually increasing
in density, its path will be a curve bending from D towards 4,
and convex towards the zenithal line Az. The direction in
which the object will be seen, being that in which the visual
ray enters the eye, will be the tangent As to thecurve at a.
The object will therefore be seen in the direction as instead
of ps,

1t has been shown that the deflection produced by refraction
is increased with the increase of the angle of incidence. Now,
in the present case, the angle of incidence is the angle under
the true direction of the object and the zenithal line, or, what
is the same, the zenith distance of the object. The extent,
therefore, to which any celestinl object is disturbed from its
true place by the refraction of the atmosphere, increases with
HS
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its zenith distance. The refraction is, therefore, nothing in the
zenith, and greatest in the horizon.

2418. Law of atmospherw refraction.—The exfent to which
a celestial object is displaced by refraction, therefore, depends
upon and increases with its distance from the zenith ; and it can
be shown to be a consequence of the general principles of optics,
that when other things are the same, the actual quantity of this
displacement (except at very low altitudes) varies in the pro-
portion of the tangent of the zenith distance.

Thus, if Az, fig. 712., be the zenithal direction, and A0, A0/,
40", &e., be the directions of celes-
tial objects, their zenith distances
being z40, 240, za0", &c., the
quantities of refraction by which
they will be severally affected, or,
what is the same, the differences
between their true and apparent
directions, will be in the ratio of
the tangents zT, z7/, z1", &c. of the zenith distances.*

This law prevails, with considerable exactitude, except at
very low altitudes, where the refractions depart from it, and
become uncertain.

2419. Quantity of refraction.— When the latitude of the
observatory is known, the actual quantity of refraction at a
given altitude may be ascertained by observing the altitudes of
a circumpolar star, when it passes the meridian above and
below the pole.  The sum of these altitudes would be exactly

Fig. 712.

N
* This Jaw may be demonstrated as follows : —The angle of incidence of the
visual ray is equal to the zenith distance z of the object. If r express the
refraction, the angle of refraction will be z—-r. Let the index of refraction
(980) be m. By the gencral law of refraction we bave, therefore,

sin, 2= m xsin. (z—7) = m x 8in. Z COS. r — m x cos. 7 sin. 7.

But since 7 is a very small angle, if it be expressed in seconds, we shall have
cos. r=1, sin. r= —563"2—63'
and, consequently,
sin. z=m x sin. z—m x cos. z x ‘-TO?;Q?S%’
and, therefore,

r = 2062677 x 1 M 2 _ 9062657 x =1 x tan. 2.
m

m Cos. 2z
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equal to twice the latitude (2362) if the refraction did not
exist, but since by its effects the star is seen at greater than its
true altitudes, the sum of the altitudes will be greater than
twice the latitude by the sum of the two refractions. This
sum will therefore be known, and being divided between the
two altitudes in the ratio of the tangents of the zenith dis-
tances, the quantity of refraction due to each altitude will be
known.

The pole star answers best for this observation, especially in
these and higher latitudes, where it passes the meridian within
the limits of the more regular influence of refraction ; and the
difference of its altitudes being only 3° no considerable error
can arise in apportioning the total refraction between the two
altitudes.

2420, Tables of refraction. — To determine with great ex-
actitude the average quantity of refraction due to different
altitudes, and the various physical conditions under which the
actual refraction departs from such average, is an extremely
difficult physical problem. These conditions are connected
with phenomena subject to uncertain and imperfectly known
laws. Thus, the quantity of refraction at a given altitude
depends, not only on the density, but also on the temperature
of the successive strata of air through which the visual ray
has passed. Although, as a general fact, it is apparent that
the temperature of the air falls as we rise in the atmosphere
(2185), yet the exact law according to which it decreases is
not fully ascertained. But even though it were, the refraction
is also influenced by other agencies, among which the hygro-
netric condition of the air holds an important place.

From these causes, some uncertainty necessarily attends
astronomical observations, and some embarrassment arises in
cases where the quantities to be detected by the observations are
extremely minute. Nevertheless, it must be remembered, that
since the total amount of refraction is never considerable, and
in most cases it is extremely minute, and since, small as it is,
it can be very nearly estimated and allowed for, and in some
cases wholly effaced, no serious obstacle is offered by it to the
general progress of astronomy.

Tables of refraction have been constructed and calculated,
partly from observation and partly from theory, by which the
observer may at once obtain the average quantity of refraction

. ®6
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at each altitude ; and rules are given by which this average
refraction may be corrected according to the peculiar state of,
the barometer, thermometer, and other indicators of the phy-
sical state of the air.

2421. Average quantity at mean altitudes. — While the re-
fraction is nothing in the zenith, and somewhat greater than
the apparent diameter of the sun or moon in the horizon,
it does not amount to so much as 1, or the thirtieth part of
this diameter, at the mean altitude of 45°

2422. Effect on rising and setting. — Its mean quantity in
the horizon is 33/, which being a little more than the mean
apparent diameters of the sun and moon, it follows that these
objects, at the moment of rising and setting, are visible above
the horizon, the lower edge of their disks just touching it, when
in reality they are below it, the upper edge of the disk just
touching it.

The moments of rising of all objects are therefore accelerated,
and those of setting retarded, by refraction. The sun and
moon appear to rise before they have really risen, and to set
after they have really set; and the same is true of all other
objects. ’

2423. General effect of the barometer on refraction. —
Since the barometer rises with the increased weight and density
of the air, its rise is attended by an augmentation, and its fall
by a decrease, of refraction. It may be assumed that the
refraction at any proposed altitude is increased or diminished
by 1-300th part of its mean quantity for every 10th of an
inch by which the barometer exceeds or falls short of the
height of 30 inches.

2424. Effect of thermometer. — As the increase of tem-
perature causes a decrease of density, the effect of refraction
is diminished by the elevation of the thermometer, the state
of the barometer being the same. It may be assumed, that the
refraction at any proposed altjfude is diminished or increased
by the 420th part of jts mean amount for each degree by which
Fahrenheit’s thermometer exceeds or falls short of the mean
temperature of 55°

2425. Twilight caused by the reflection of the atmospiere.—
The sun continues to illuminate the clouds and the superior
strata of the air after it has set, in the same manner as it
ghines on the summits of lofty mountain peaks long after it
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has descended from the view of the inhabitants of the adjacent
plains. The air and clouds thus illuminated, reflect light to
the surface below them; and thus, after sunset and before
sunrise, produce that light, more or less feeble according to
the depression of the sun, called TwitienT. Immediately after
sunset the entire visible atmosphere, and all the clouds which
float in it, are flooded with sunlight, and produce, by reflection,
an illumination little less intense than before the sun had
disappeared. According as the sun sinks lower and lower,
less and less of the visible atmosphere receives his light, and
less and less of it is transmitted by reflection to the surface,
until at length, and by slow degrees, all reflection ceases, and
night begins.

The same series of phenomena are developed.in an opposite
order before sunrise in the morning, commencing with the
first feeble light of dawn, and ending thh the full blaze of day
when the disk of the sun becomes visible.

The general effect of the air, clouds, and vapours in diffusing
light, and rendering more effectual the general illumination
produced by the sun, has been already explamed in (923,
924

23 26. Oval form of disks of sun and moon explained.— One
of the most curious effects of atmospheric refraction is the oval
formr of the disks of the sun and moon, when near the horizon.
This arises from the unequal refraction of the upper and lower
limbs., The latter being nearer the horizon is more affected
by refraction, and therefore raised in a greater degree than
the upper limb, the effect of which is to bring the two limbs
apparently closer together, by the difference between the two
refractions. The form of the disk is therefore affected as if
it were pressed between two forces, one acting above, and the
other below, tending to compress its vertical diameter, and to
give it the form of an ellipse, the lesser axis of which is vertical,
and the greater horizontal.*

* For an explanation of the great apparent magnitude of the solar and
lunar disks in rising and setting, see (1170)
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CHAP. VIIL
ANNUAL MOTION OF THE EARTH.

2427. Apparent motion of the sun in the heavens.— Inde-
pendently of the motion which the sun has in common with the
entire firmament, and in virtue of which it rises, ascends to the
meridian, and sets, it is observed to change its position from
day to day with relation to the other celestial objects among
which it is placed. In this respect, therefore, it differs essen-
tially from the stars, which maintain their relative positions for
months, years, and ages, unaltered.

If the exact position of the sun be observed from day to day
and from month to month, through the year, with reference to
the stars, it will be found that it has an apparent motion among
them in a great circle of the celestial sphere, the plane of which
forms an angle of 23° 28’ with the plane of the celestial equator.

2428. Ascertained by the transit instrument and mural
circle.— This apparent motion of the sun was ascertained with
considerable precision before the invention of the telescope and
the subsequent and consequent improvement of the instruments
of observation. Tt may, however, be made more clearly mani-
fest by the transit instrument and mural circle.

If the transit of the sun be observed daily (2402), and its right
ascension be ascertained (2405), it will be found that from
day to day the rlght ascension contnnually increases, so that the
circle of declination (240+4) passing through the centre of the
sun is carried with the sun round the heavens, making a com-
plete revolution in a year, and moving constantly from west to
east, or in a direction contrary to the apparent diurnal motion
of the firmament,

If the point at which the sun’s centre crosses the meridian
daily be observed with the mural circle (2408), it will be found
to change from day to day. Let its distance from the celestial
equator, or its declination, be observed (2415) daily at noon.
It will be found to be nothing on the 21st of March and 21st of
September, on which days the polar distance of the sun’s centre
will be therefore 90°. The sun’s centre is, then, on these days,



ANNUAL MOTION OF THE EARTH. 159

in the celestial equator. After the 21st March the sun’s centre
will be north of the equator, and its declination will continually
increase, until it becomes 23° 28’ on the 21st June. It will
then begin slowly to decrease, and will continue to decrease
until 21st September, when the centre of the sun will again be
in the equator. After that it will pass the meridian south of
the equator, and will consequently have south declination. This
will increase, until it becomes 23° 28’ on the 21st December;
after which it will decrease until the centre of the sun returns
to the equator on the 21st March.

By ascertaining the position of the centre of the sun’s disk
from day to day, by means of its right ascension and declination
(2416), and tracing its course upon the surface of a celestial
globe, its path is proved to be a great circle of the heavens, in-
clined to the equator at an angle of 23° 28’

2429. The ecliptic.— This great circle in which the centre
of the disk of the sun thus appears to move, completing its re-
volution in it in a year, is called the EcriPTIC, because, for
reasons which will be explrined hereafter, solar and lunar
eclipses can never take place except when the moon is in or
very near it.

2430. The equinoxial points.—The ecliptic mtersects the
celestial equator at two points diametrically opposite to each
other, dividing the equator, and being divided by it into equal
parts. These are called the EQUINOXIAL POINTS, because, when
the centre of the solar disk arrives at them, being then in the
celestial equator, the sun will be equal times above and below
the horizon (2367), and the days and nights will be equal.

2431. The vernal and autumhal equinozes.—The equi-
noxial point at which the sun passes from the south to the north
of the celestial equator is called the VERNAL, and that at which
it passes from the north to the south is called the AvTUMNAL,
equinoxinl point. The TiMEs at which the centre of the sun is
found at these points are called, respectively, the VERNAL and
AUTUMNAL EQUINOXES.

The vernal equinox, therefore, takes place on the 21st March,
and the autumnal on the 21st September.

2432, The seasons.— That semicircle of the ecliptic through
which the sun moves from the vernal to the autumnal equinox

. is north of the celestial equator ; and during that interval the

sun will therefore {2351) be longer above than below the hori-
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zon, and will ‘pass the meridian above the equator in places
having north latitude. The days, therefore, during that half-
year, will be longer than the nights.

That semicircle through which the centre of the sun moves
from the autumnal to the vernal equinox being south of the
celestial equator, the sun, for like reasons, will during that kalf-
year be longer below than above the horizon, and the days will
be shorter than the nights, the sun rising to a point of the me-
ridian below the equator.

The three months which succeed the vernal equinox are called
SPRING, and those which precede it WiNTER; the three months
which precede the autumnal equinox are called sunier, and
those which succeed it WINTER. .

2433. The solstices.— Those points of the ecliptic which are
midway between the equinoxial points are the most distant
from the celestial equator. The arcs of the ecliptic between
these points and the equinoxial points are therefore 90°. These
are called the soLsTITIAL POINTS, and the times at which the
centre of the solar disk passes through them are ecalled the
SOLSTICES.

The summer solstice, therefore, takes placé on the 21st June,
and the winter solstice on the 21st December. ’

This distance of the summer solstitial point north,’and of the
winter solstitial point south of the celestial equator is 23° 28",

The more distant the centre of the sun is from the celestial
equator, the more unequal will be the days and nights (2356),
and consequently the longest day will be the day of the summer,
and the shortest the day of the winter, solstice.

It will be evident that the seasons must be reversed in
southern latitudes, since there the visible celestial pole will be
the south pole. The summer solstice and the vernal equinox
of the northern, are the winter solstice and autumnal equinox
of the southern hemisphere. Nevertheless, as the most denscly
inhabited and civilized parts of the globe are in the northern
hemisphere, the names in reference to the local phenomena are
usually preserved.

2434. TEE Zop1ac.—It will be shown hereafter that the
apparent motions of the planets are included within a space of
the celestial sphere extending a few degrees north and south
of the ecliptic. The zone of the heavens included within these
limitg is called the zopiac.
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2435. The signs of the zodiac.— The circle of the zodiac is
divided into twelve equal parts, called srexs, each of which
therefore measures 30°. They are named from principal con-
stellations, or groups of stars, which are placed in or near
them. Beginning from the vernal equinoxial point they are as
follows : —

Sign. Sign.
1. Aries (the ram) - - - 9} 7. Libra (the balance) - - =2
2. Taurus (the bull) - = % | 8 Scorpio (the scorpion) =« m
3. Gemini (the twins) - - I | 9 Sagittarius (the avcher) - 7
4. Cancer (the crab) - - = [10. Capricornus (the goat) -« w
5. Leo (the lion) - - - h |[1l. Aquarius (the waterman) - =
6. Virgo (the virgin) - - mw {12. Pisces (the fishes) - - 3

Thus, the position of the vernal equinoxial point is the FIRsT
POINT OF ARIES, and that of the autumnal the FirsT POINT OF
LiBrRA. The summer solstitial point is at the FIRST PoINT OF
CANCER, and the winter at the FIRST POINT OF CAPRICORN.

2436. The tropics.— The points of the ecliptic at which the
centre of the sun is most distant from the celestial equator are
also called the TRoPICS,—the northern being the TROPIC OF
CANCER, and the southern the TROPIC OF CAPRICORN.

This term TROPIC is also applied in geography to those parts
of the earth whose distances from the terrestrial equator are
equal to the greatest distance of the centre of the solar disk
from the celestial equator. The NORTHERN TROPIC is, therefore,
a parallel of latitude 23° 28’ north, and the SOUTHERN TROPIC &
parellel of latitude 23° 28’ south of the terrestrial equator.

2437, Celestial latitude and longitude.— The terms latitude
and longitude, as applied to objects on the heavens, have a sig-
nification different from that given to them when applied to
places upon the earth. The latitude of an object on the
heavens means its distance from the ecliptic, measured in a
direction perpendicular to the ecliptic ; and its longitude is the
arc of the ecliptic, between the first point of Aries and the
circle which measures its latitude, taken, like the right ascension,
according to the order of the signs.

Thus since the centre of the sun is always on the ecliptic, its
latitude is always 0° At the vernal equinox its longitude is
0°, at the summer solstice it is 90° at the autumnal equinox
180°, and at the winter solstice 270°.

2438. Annual motion of the earth.— The apparent annual
motion of the sun, described above, is & phenomenon which can
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only proceed from one or other of two causes. It may arise
from a real annual revolution of the sun round the earth at
rest, or from a real revolution of the earth round the sun at
rest. Kither of these causes would explain, in an equally satis-
factory manner, all the circumstances attending the apparent
-annual motion of the sun around the firmament. There is
nothing in the appearance of the sun itself which could give a
greater probability to either of these hypotheses than to the
other. If, therefore, we are to choose between them, we must
seek the grounds of choice in some other circumstances.

It was not until the revival of letters that the annual motion
of the earth was admitted. Its apparent stability and repose
were until then universally maintained. An opinion so long and
so deeply rooted must have had some natural and intelligible
grounds. These grounds, undoubtedly, are to be found only
in the general impression, that if the globe moved, and es-
pecially if its motion had so enormous a velocity as must be
imputed to it, on the supposition that it moves annually round
the sun, we must in some way or other be sensible of such
movement. '

All the reasons, however, why we are unconscious of the real
rotation of the earth upon its axis (2350) are equally applicable
to show why we must be unconscious of the progressive motion
of the earth in its annual course round the sun. The motion

- of the globe through space being perfectly smooth and uniforﬁ),
we can have no sensible means of knowing it, except those:
which we possess in the case of a boat moving smoothly along
a river: that is, by looking abroad at some external objectss
which do not participate in the motion imputed to the earth..
Now, when we do look abroad at such objects, we find that they
appear to move exactly as stationary objects would appear to
move, seen from a moveable station. It is plain, then, if it be
true that the earth really has the annual motion round the sun
which is contended for, that we cannot expect to be conscious
of this motion from anything which can be observed on our own
bodies or those which surround us on the surface of the earth:
we must look for it elsewhere.

But it will be contended that the apparent motion of the sun,
even upon the argument just stated, may equally be explained
by the motion of the earth round the sun, or the motion of the
sun round the earth; and that, therefore, this appearance can
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still prove nothing positively on this question. We have, how-
ever, other proofs, of a very decisive character.

Newton showed that it was a general law of nature, and
part, in fact, of the principle of gravitation, that any two globes
placed at o distance from each other, if they are in the first
instance quiescent and free, must move with an aceelerated
motion to their common centre of gravity, where they will meet
and coalesce ; but if they be projected in a direction not passing
through this centre of gravity, they will both of themn revolve
in orbits around that point periodically.

Now it will appear hereafter that the common centre of
gravity of the earth and sun, owing to the immense preponder-
ance of the mass of the sun (309), is placed at a point very
near the centre.of the sun. Round that point, therefore, the
earth must, according to this principle, revolve.

2439, Motion of light proves the annual motion of the earth.
~—Since the principle of gravitation itself might be considered
as more or less hiypothetical, it has been considered desirable to
find other independent and more direct proofs of a phenomenon,
so fundamentally important and so contrary to the first im-
pressions of mankind, as the revolution of the earth and the
quiescence of the sun. A remarkable evidence of this motion
has been accordingly discovered in a vast body of apparently
complicated phenomena which are the immediate effects of such
a motion, which could not be explained if the earth were at
rest and the sun in motion, and which, in fine, would be inex-
plicable on any other supposition save the revolution of the
earth round the sun.

It has been ascertained, as has been already explained, that
light is propagated through space with a certain great but de-
finite velocity of about 192,000 miles per second. That light
has this velocity is proved by the body of optical phenomena
which cannot be explained without imputing to it such a
motion, and which are perfectly explicable if such a motion be
admitted. Independently of this, another demonstration that
light moves with this velocity is supplied by an astronomical
phenomenon which will be noticed in a subsequent part of this
volume,

2440. Aberration of light.— Assuming, then, the velocity of
light, and that the earth is in motion in an orbit round the
sun with a velocity of about 19 miles per second, which must
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be its speed if it move at all, as will hereafter appear, an effect’
would be produced upon the apparent places of all celestial ob-
jects by the combination of these two motions which we shall
now explain.

It has been stated shat " the -apparent direction of a visible
object is the dlrectton from which the visdal ray enters the eye.
Now this 'dlrectlorrwnll depend- o the actual direction of the
ray if the eye w‘fnch Teceives it be qulescent,.but if the eye be
in motlon, the same, eﬁ'ect is produced upon the grzan of sense
as if the my, besndes the 'm.otxom wlnc‘ﬁ is-praper to it, had
another. motlon equal and contral ¥ to that of the eye.* Thus, if
light moving. from’ the- north_ to the -southf with*a velocity of
192,()00 miled per seccmd be struck by.an eye mdving from west

“ tp east’dvith thergame :vﬂloclty, the ¢tfect produce(l by thelight
upon, tlre.oroan,wnll bethe same’ a3 if the, eye, being at rest,
were sfruek’ by the light havmg 8 i‘rfovtxon compounded of two
equal monons, pne from north-fe. south, and the other-from east
togvest. THRe dnectwg “of this qompound.. eﬁ'ec‘f would by the
prmcnples of . t»he compasition of mofion(176), be .eguivalent to

o o _" ". .a'Thation ﬁom the direction, of. the north-
Vooe east. ,The object.from \thﬁ the. ]wht comes
H would iherefme, be” ;\pp'u'entl;; dxsp]acex]
L. A and \vould be' -seeiy at\n pomt,bgyond that
% wiifch it reale pccuples dine the duectlon in
i shich the eye rof the-ebscrvér ‘is moved.
H This displdcgment is. ealletfaccordi'nvly the
H Amrrm,\'rwn OF.LIGHT, * .«
: ThlS may be trade still more evxdent by

s i the following" mode cf illug¢ration. . Let o,

¥ 3. ﬁy 713, "be “he ObJect from wlnch light
% ¢omes -lmthe “direation 0 0", ' Let e be the
i place of the gye ‘of the- observer when the

¢ light is-at.6, and let thre eye be, eupposed to
$ e nigve. Trom ¢ to-€” in the sqine gitne that the
: light ‘movas ﬂ'om (0.1 é”.‘ JLet o straight

" ~tobe be* “imagined’ to be dnrecled from the
eye 'ntre to th'e’lmht' at, o, 30 that the light

-shal%be in the emtre of its: opening, wlnle

’ the tu‘be moves- wnt}x the eye from oe to

o'*e”, m-ﬁntmmng ‘eonstntlythe same direc-

- tlon, and rm‘narmna g'pardllel to itself: the light

. e
Figpr1s."”
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in moving from o to ¢, will pass along its axis, and will arrive
at ¢’ when the eye arrives at that point. Now it is evident that
‘in this case the direction in which-the object would be visible,
would be the direction of the axis_of the tube, so that, instead
of appearing in the direction. 0.0, ‘which.is its trie dnecuon, it
would appear in the direction oo advancéd from o.in the di-
rection of the mdtion ¢¢”, with whick the observer is affected.

The motien of light ’bemm at the rate of 192,000 miles per
second, and that of the - earth @fi it-move at all)-at the rate of
19 miles per second {both ﬂlese \elocmes will be .establlahed
hereafter), it foltows, that the propor tlén of pé’ »to~elz” must be
192,000 fo 19 ot 10,100%te"]. -

The ANGLE'OF }nmumnon 000 «Will vargavith the obhiquity
of ther du ection.eg” of the observer’s .mhétion.to that of thé visua}
ray o¢s  Fooft cﬂSes the ritip of od” fo ee will be 10,100 to
1. If the' ﬂlreb't;ou of thie eanth’s motlon ‘be qtrn«ht -angles to
the direction.ge% sof the oluccf' o we sball lun'e ("294)’ the
aberration - - o :

Tl 206’255«— 2M 42

tZ0100 T

I the ancrle oe”e be .oBI‘que, it wnll be necessm-y to_teduce
eeto its compopenf at-right anglés to v¢’, which is done by
multiplying. it by th’atwanomehml sme. of the o})hqmty oe’e
of the diretion of thé .object ta'thit of the earth’s motion.” If
this obh(Luxty 'be e‘:preshed' Uy 0, we ,shall have ﬁ)r the aherra-
tions in general

‘- -f. i ﬁ—20“' 4‘7 {sm"‘
Accordmcr 4.0 t’hls, thQ— abe‘rratxon would. be~.greate§t when the
du'ecnon of the earth.s motxon is'at right angles ta.that of the
ohject, 3nd., w0uld decrease -ps “the ,angle‘ o demeases, being
nothing avheqg the ,ObJect i§ scem in the d;reotmn ?n whith the
earth is' moving!'or jn-exhgtly tlie eontxmy dlrectwm '

The phenomem may also.bg amag,med hy conmdennfr that
the earth, in revalying round the sun; eonstanily.cKanges the
direction of its motloq ,,that direction mnkmg ‘s camplete revo-
lution with the ‘carth, it-follotvs that thé effect ‘producéd *‘upon
the apparent plaee of a dlst.mt vb;ect would be thg same as if
that object reilly revolved once in a —year.ro'und its true place
in a circle whoge plane would .be. pamllol to that of the earth’s
orbit, and whose radits would subtemlat thé earth. anangle of
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2042, and the object would be always seen in such a circle
90° in advance of the earth’s place in its orbif.

These circles would be reduced by projection to ellipses of
infinitely various excentricities, according to the position of the
object with relation to the plane of the earth’s orbit. At a
point perpendicularly abdve that plane; the object wauld appeax
to move annually in an exact circle.. At points nearer to the
ecliptic, ifs apparenf puth would be an ellipse, the excentricity
of which would increage as the distance from the ecliptic would
diminish, according to definite conditions.

“Now, all thése app'u'ent motions are actually observed to
affect all the bodies visifle on the heavens, and to affect them
in precisely the degree and direction which would be produced
by the annual niotion of the ¢arth round thq sun.

AS the supposed mofion of the earth 1ound thé sun completely
and satisfactorily explam“s this compllcate(l body of phenomena
called abeu'atlon, while the motion of the Sun:round the earth
would qltonether fail to exphin theém, they, aﬂ'ord another
striking evidence of the annual motion of the earthe °

2441, Argument from analogy. — In fine, another argument
in favour of the earth’s annual motion golind thé sun is taken
from its analogy to the planets, to all of which, like the earth,
the sun is a source of light and heat, and all of which revolve
round the sun as a centre, having days, nights, and seasens in
all respects similar to those which prevail upon the eqrth. It
seems, therefore, contrary to all probability, that the ear th alone,
being one of the planets,~and by no means the greatest in mag-
nitude or physical importance, should be a centre round which
not only the sup, but all the other planets, should revolve.

2442. Annuwal parellax. —If the earth be admitted to move
annually round the sum, as a stationary centre in a circle whose
diameter must have the vast magnitude of 200 millions of miles,
all observers placed upon the earth, seeing distant objects from
points of viéw so extremely distant one from the other as are
opposite extremities of the same diameter of such a circle, must
necessarily, as might be supposed, see these objects in very dil-
ferent directions.

To comprehend the effect which might be expected to be
produced upon the apparent place of a distant object by such a
motion, let £ &', fig. 714., represent the earth’s annual
course round the sun as seen in perspective, and let o be any
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distant object visible from the earth. The extremity E of the
line E0, which is the visual direction of the object, being carried

Fig.714.

with the earth round the circle e&'&" g,
will annually describe a cone of which
the base is the path of the earth, and the
vertex is the place of the objecto. While
the earth moves round the circle EE”,
tha line of visual-direction wdnld there-
fore have a corrésponding motion, and
the apparent place 6f the object would
be sticcessively changed with the chadge
of direction of tliis line. *If the object
-bg imagined to be projected by the eye
upon the firmament, it would trace upon
it zunth 60.0" 0%, which would be~cir-
. cular ok elliptieal; accmdmcr to the” di-
rection of . the shject:’ When the earth
{is at g, the obJect‘would be seén at o;
and when the earth isat &7, it would be
scen at 0”,  The extent of this apparent

_displacement of the object would be

measured by the angle EoE”, which the
diameter EE” of the earth’s path or orbit
would subtend at the object o.

It.has been stated that, in general, the
apparent displacement of a distant visible
olject produced by any change in the
station from which it is viewed is called
PARALLIAX. That which is produced by
the change of position due to the diurnal
motion of the earth being ¢alled piUR-
NAL PARALLAX, the corresponding dis-

placement due to the annual motion of the earth is called the

ANNUAL PARALLAX.

The greatest amount, therefore, of the annual parallax for
any proposed object is the angle which the semidiameter of the
eartl’s orbit subtends at such object, as the greatest amount of
the diurnal parallax is the angle which the semidiameter of the
earth itself subtends at the object.

Now, as the most satisfactory evidence of the annual motion
of the earth would be the discovery of this displacement, and
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successive changes of apparent position of all objects on the
firmament consequent on such motion, the absence of any such
phenomenon must be admitted to constitute, primé facie, a for-
midable argument against the earth’s motion.

2443, Its effects upon the bodies of the solar system apparent.
— The effects of annual para]lax are observable, and indeed are
. of considerable amotint, in the case of all the bodies composmv
the solar system. The apparent annual motion of the sun is
altogether dug to parallax. + The apparent motions of the planets
and other bodies composing the solar system are the cffects of
paralla¥, combined thh -tlie” real - motions of these various
bodies.

2444, But erroneously e:rplamed by the ancients— Ptolemaic
system. —< Until the annual ‘motion of the earth was admitted,
these effects of anmual parsﬂlax on theepparent motions of the
solar systemh werg ascribed to a very comphc‘xted system of real
motions of these bodies;; of which the ear th was assumed to be
the stationary centre, the sun revolving round it, while at the same
time, the planets severally revolved round the sun as a moveable
centré. “This hypothesxs, proposed originally by Apollonjus of
Per, ga,’a Grecinn astronomer, soine centuries before the birth of
Christ, rcc.ewcd the painé of the Proremaic Svstem, having
been developed and empl.uned by ProLeny, an Egyptian astro-
nomer who flourisfied in tbe second century, and whose work,
entitled « Synm\. obt-un(;d great celebrity, and for many cen-
turies 'cohtm.ued tobe received _as the standard of astronomieal
science.” | .

Althought I’ythagor'ls had throiwn out the idea that the annual
motion of ‘the.Suni Was merely’ apparent, ‘and that it arose from
a real motion of the earth, the natural repugnancy of the, human
mind to admit a suppesition so contrary to reccived notions
prevented this lxappy anticipation of future and remote dis-
covery from .receiving the attention it merited; and Aristotle,
less sagaciow than Pythagoras, lent the great weight of his
authority to the contrary hypothesis, which was accordingly
adopted universally by the learned world, and continued to
prevail, until it was overturned in the middle of the sixteenth

century by the celebrated Copernicus, who revived the Pythago-
rean hypothesis of the stability of the sun and the motlon of
the earth.

2445. Copernican system.—The hypothesxs proposed by hifn
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in a work entitled “De Revolutionibus Orbium leestiufn,’
published in 1543, at the moment of his death, is that since
known as the CopERrNICAN SysTEN, and, being now established
upon evidence sufficiently demonstrative to divest it of its hy-
pothetical character, is admitted as the exposition of the actual
movements by which that part of the univérse called the solar
system is affected.

2446. Effects of annual parallax of the stars.—The greatest
difficulty against which the Copermc'm systenf has had to
struggle, even among the most enlmhtened of its opponents, has
been the absence of all apparent eﬂ'eqts of - parallax among the
fixed stars, those objects which are ‘Scattered. in such‘countless

- humbers over every part of the f,irmamen‘t.. From whit has
been explained, it will bg perceived that; supposmo‘ these bodies
to be, as they evidently must be, placed gt yast d:stnnces out-
side the limits of the solar-system apd in_every, imaginable
direction around it, the effects of annaal para]lax wou]d be«to
give to each of them an apparent mmual motion ina circle or
cllipse, accordlpg to their direction in relation to the posmqn of
the earth in its orbit, the ellipse ,Yarymg in jts, eccenmcny with
this position, and the diameter, of the elfcle O, MAJOF axis of the
ellipse being determined by the ang\e wlu,cfh the dmmeter EE’
(fig- T14.) of the eartl’s orbif sybtends’ at’ theé smr, Bemg less
the greater the distance of the star, ahd vide vérsa. The appa-
rent position of the star in this clrele. or lell\xpxse wquid be evi-.
deutly always in the plane passidg through the: star and the line
joining the sun and earth.

2447, Close resemblance of these tor aberration. -—Now, it
will be apparent, that such phenomena bear & very close resem-
blance to those of aberration already described (2440.). In
both the stars appear-to move angually in small circles when
situate 90° from the ecliptic; in both they appear to move in
small ellipses between that position and the ecliptic; in both
the ecgentricities of the ellipses increase in approaching the
ecliptic; and in both the ellipses flatten into their transverse
axis when the object is actually in the ecliptic.

2448, Yet abersation cannot arise from parallax. — Not-
,withstandinﬂ this close correspondence, the phenomena of aber~
ragjon are utterly incompatible with the effects of annual
pira Alax’ The apparent displacement produced by aberraiion

« is always in the direction of the earth’s motion, that is to say,

m. 1
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in the direction of the tangent to the earth’s orbit at the point
where the earth happens to be placed. The apparent displace-
ment due to parallax would, on the contrary, be in the direction
of the line joining the earth and sun. The apparent axis of the
ellipse or diameter of the circle of aberration is exadtly the same,
that is 20742, for all the stars; while the gpparent axis of the
ellipse or diameter of the circle due to apnual parallax would be
different for stars at different distances, and would vary, in fact,
in the inverse ratio of the distance of the star, and could not -
therefore be the same for all stars whatever, except on the sup-
position that all stars are at the same distagnce from the solar
system, & supposition that canndt be entertained.

2449. General absence of parallex explained by great dis-
tance.—Since, then, with two or three exceptions, which will
be noticed hereafter, no traces of the effects of annual parsllax
have been discovered among the innumerable fixed stars by
which the solar system is surrounded, and since, nevertheless,
the annual motion of the earth in its orbit rests upon a body of
evidence and is supported by arguments .which must be re-
garded as conclusive, «the absénce of parallax can only be
ascribed to the fact that the stars generally are placed at dis-
tances from the solar system compared with which the orbit
of the earth shrinks into a point, and therefore that the motion
of an observer round this orbit, vast as it may seem ecompared
with all our familiar standards of magnitude, produces no
more apparent displacement of a fixed star than the motion of
an animalcule round a grain of mustard seed would produce
upon the apparent direction of the moon or sun.

We shall return to the subject of the annual parallax of the
stars in a subsequent chapter.

2450. The diurnal and annual phenomena explained by the
two motions of the earth.—Considering, then, the annual re-
volution of the earth, as well as its diurnal rotation, established,
it remains to show how these two motions will explain the
various phenomena manifested in the succession of seasons,

‘While the earth revolves annually round the sun, it has a
motion of rotation at the same time upon a certain diameter as
an axis, which is inclined from the perpendicular to its orbit at
an angle of 23°28”. During the annual motion of the earth
this diameter keeps continually parallel to the same direction,
and the earth completes its revolution upon it in twenty-three
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hours and fifty-six minutes. In consequence of the combination
of this motion of rotation of the earth- upon its axis with its
annual motion round the sun, we are supplied with the alterna-
tions of day and night, and the succession of seasons.

When the globe of the earth is in such a position that its
north pole leans toward- the sum, the greater portion of its
northern hemisphere ig enlightened, and the greater portion of
the southern hemisphere is dark This position is represented
in fig. 715., where X ig' the north pole, and s the south pole.

*

Fig. 715. Fig. 716.

The days are therefore longer than the nights in the northern
hemisphere. The reverse is the case with the southern hemi-
sphere, for there the greater segments ‘of the parallels are dark,
and the lesser segments enlightened; the days are therefore
shorter than the nights. Upon the equator, however, at &, the
circle of the earth is equally divided, and the days and nights
are equal. 'When the south pole leans toward the sun, which
it does exactly at the opposite point of the enrth’s annual orbit,
circumstances are reversed : then the days are longer than the
pights in the southern hemisphere, and the mrlets are longer
than the days in the northern hemisphere. At the intermediate
points of the earth’s annual path, when the axis assunses a posi-
tion perpendicular to the direction of the sun, fig. 716, then
the circle of light and darkness passes through the poles; all
parallels in every part of the earth are equally divided, and
there is consequently equal day and night all over the globe.

In the annexed perspective diagram, fig. 717, these four
positions of the earth are exhibited in such & manner as to be
elearly intelligible.

On the day of the 21st of June, the north pole is turned in
the direction of the sun; on the 21st of December, the south
pole is turned in that direction. On the days of the equinoxes,
the axis of the earth is at right angles to the direction of the
sun, and it is equal day and night everywhere on the earth.

12
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The annual variation of the position of the sun with reference
to the equator, or the changos of its declination, are explained

Maxch.215®
—

Fig. 117,

by these motions. The summer solstice—the time when the
sun's distance from the equator is the greatest — takes place
when the north pole leans toward the 5un; and the winter
golstice — or the time when the sun’s distance south of the
equator is greatest — takes place when the south pole leans
toward the sun.

In virtue of these motions, it follows that the sun is twice a
year vertical at all places between the tropics; and at the
tropica themselves it is vertical once a year. In all higher
latitudes the point at which the sun passes the meridian daily
alternately approaches to and recedes from the zenith. From
the 21st of December until the 21st of June, the point continu-
ally approaches the zenith. It comes nearest to the zenith on
the 21st of June ; and from that day until the 21st of December,
it continually recedes from the zenith, and attains its lowest
position on the latter day. The difference, therefore, between
the meridional altitudes of the sun on the days of the summer
and winter solstices at all places will be twice twenty-three
degrees and twenty-eight minutes, or forty-six degrees and fifty-
six minutes. In alt places beyond the tropics in the northern
hemisphere, thercfore, the sun rises at noon on the 21st of
June, forty-six degrees and fifty-six minutes higher than it
rises on the 21st of December. “These are the limits of meri~
dional altitude which determine the influence of the sun in
different places.
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2451, Mean solar or civil time. — It has bOQn explained that
the rotation of the earth upon itsaxis is rigorousy uniform, and
is the only absolutely uniform motion among thg many and
complicated motions observable on the heavens. This quality
would render it a highly convenient measure of time, ad it is
accordingly adopted for that purpose in all observatories,\ The
hands of a sidereal clock move in perfect accordancg with
apparent motion of the firmament.

But for civil purposes, uniformity of motion is not the only
condition which must be fulfilled by a measure of time. It is
equally indispensable that the intervals into which it divides
duration should be marked by conspicuous and universally ob-
servable phenomena. Now it happens that the intervals into
which the diurnal revolution of the heavens divides duration,
are marked by phenomena which astronomers alone can witness
and ascertain, but of which wankind in general ave, and must
remain, altogether unconscious.

2452, szl day — noon and midnight. — For the purposes
of common life, mankind by general consent has therefore
adopted the interval between the successive returns of the centre
of the sun’s disk to the meridian, as the unit or standard mea-
sure of time. This interval, ealled a c1viL DAY, is divided into
24 equal parts called Hours, which are again subdivided into
minutes and seconds as already explained in relation to sidereal
time. The hours of the civil day, however, are not counted
from 0 to 24 as in sidereal time, but are divided into two equal
parts of 12 hours, one commencing when the centre of the sun
is on the meridian, the moment of which is called NooN or aip-
.DAY, and the other 12 hours later when the centre of the sun
must pass the meridian below the horizon, the moment of which
is MIDNIGHT.

For civil purpose, this latter moment has bLeen adopted ag
the commencement of one day, and the end of the other.

2453. Difference between mean solar and sidereal time. —
A solar day is evidently longer than a sidereal day. If the sun
did not change its position on the firmament, its centre would re-
turn to the meridian after the same interval that elapses between
the successive transits of a fixed star. DBut since the sun, ag
has been explained, moves at the rate of about 1° per day from
west to east, and since this motion takes place upon the ecliptic,
which is inclined to the equator at an angle of 23° 28/, the centre

18
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of the sun incredses its right ascension from day to day, and
this increase waries according to its position on the ecliptic.
When the /cifcle of declination on which the centre of the sun
is placed st noon on one day returns to the meridian the next
day, th2 centre of the sun will have left it, and will be found
upon-another circle of declination to the east of it ; and it will
ng, consequenily come to the meridian until a few minutes later,
Xhen this other circle of declination, by the diurnal motion of
“ the heavens, shall come to coincide with the meridian.

Hence the solar day is longer than the sidereal day.

2454, Difference between apparent noon and mean noon. —
But since, from the cause just stated and another which will be
presently explained, the daily increase of the sun’s right as-
cension is variable, the difference between a sidereal day and
the intérval between the successive transits of the sun is like-
wise variable, and thus it would follow that the solar days would
be more or less unequal in length.

2455. Mean solar time — Equation of time.— Hence has
arisen an expedient adopted for civil purposes to efface this
inequality. An imaginary sun is conceived to accompany the
true sun, making the complete revolution of the heavens with
a rigorously uniform increase of right ascension from hour to
hour, while the increase of right ascension of the true sun thus
varies. The time measured by the motion of this imaginary
sun is called MEAN SOLAR TIME, and the time measured by the
motion of the true sun is called APPARENT SOLAR TIME.

The difference between the apparent and mean solar time is
called the “ EQUATION OF TIME.”

The varidtion of the increase of the sun’s right ascension
being confined within narrow limits, the true and imaginary
suns can never be far asunder, and consequently the difference
between mean and apparent time is never considerable.

The time indicated by a sun-dial is apparent time, that
indicated by an exactly regulated clock or watch is mean
time. .

The correction to be applied to apparent time, to reduce it
to mean time, is often engraved on sun-dials, where it is stated
how much “the sun is too fast or too slow.”

2456. Distance of the sun. — Although the problem to de-
termine with the greatest practicable precision the distance of
the sun from the earth is attended with great difficulties, many
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phenomena of easy observation supply the means of ascertaining
that this distance must bear a very great proportion to the
earth’s diameter, or must be such that, by comparison with it, a
line 8000 miles in length is almost a point. If, for example,
the apparent distance of the centre of the sun from any fixed
star be observed simultaneously from two places npon the earth,
no matter how far they are apart, no difference avill be dis-
covered between them, unless means of observation susceptible
of extraordinary precision be resorted to. The expedients by
which, the apparent displacement of the sun’s centre by a change
of position of the observer from one extremity of a diameter
of the earth to the other, or, what is the same, the apparent
magnijtude of the diameter of the earth as it would be seen from
the sun, has been ascertained, will be explained hereafter.
Meanwhile, however, it may be stated that this visual angle
amounts to no more than 1772, or about the hundredth
part of the apparent dinmeter of the sun as seen from the
earth,

Supplied with this datum, and the actual magnitude of the
diameter of the earth, we can calculate the distance of the sun
by the rule explained in 2298. If r express the distance of the
sun, and @ the diameter of the earth, we shall have

. 2:062,650
172

It appears, therefore, that the distance of the sun is equal to
11,992 diameters of the earth, and since the diameter of the
earth measures about 7900 miles (2389), the distance of the sun
maust be

xa=11,992 x a.

11,992 x 7900==94,736,800 miles,

or very nearly NINETY-FIVE MILLIONS OF MILES,

Since the mean distance of the earth from the sun has been
adopted as the unit or standard, with reference to which astro-
nomical distances generally are expressed, it is of the highest im-
portance to ascertain its value with the greatest precision which
our means of observation and measurement admit. By elaborate
calculations, based upon the observations made, in 1769, on the
transit of Venus, it has accordingly been shown by Professor
Encké that when the earth is at its mean distance from the sun,

14
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the semidiameter of the terrestrial equator subtends at the sun
an angle of 8-5776. This is therefore’ the mean equatorial ho-
rizontal parallax of the sun ; and if r express the semidiameter
of the equator, and D the mean distance of the earth from the
sun, we shall therefore have

_ 206265
= 85776

and since the semidiameter of the equator measures 3962-8
miles (2389), it follows that
D = 95,293,452.

Since all the numerical results of observation and measurement
are liable to some amount of error, it is important, when pre-
cision is required, to know the limit of this error, in order to
appreciate the extent to which such results are to be relied
upon. In all cases this is possible, & major and minor limit
of the computed or observed quantity being assignable, which
cannot be exceeded. In the present case the value of D cannot
vary from the truth by more than its three-hundredth part;
that is to say, the actual mean distance of the earth from the
sun, or the semiaxis major of the orbit, cannot be greater than

95,293,452 + 117,645 = 935,411,097 miles,
or less than

95,293,452—117,645 = 95,175,807 miles.

2457, Linear value of 1” at the sur’s distance.—By what has
been explained in 2298, it appears that the linear value of 1”7 at
the sun’s distance is

206,265

24538. Daily and hourly apparent motion of the sun, and real
motion of the earth. — Since the sun moves over 3G0° of the
heavens in 365} days, its daily apparent motion must be 59'+14,
or 3548”, which being about twice the sun’s apparent diameter, it
is easy to remember that the disk of the sun appears to move in
the firmament daily over a space nearly equal to twice its own
apparent diameter. Its hourly apparent motion is

X r = 24047 X 7,

=466 miles.

. ' 3548
=14 !,
i 78
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Since 1” at the sun’s distance is equal to 466 miles, and since
the real orbitual motion is equal to that which the sun would
have if it moved round the earth in a year, it follows that the
daily orbitual motion of the earth is

3548 X 466 =1,653,368 miles,
and its motions per hour, minute, and second, are

68,890 miles per hour,
1,148 miles per minute,
191 miles per second.

2459. Orbit of the earth elliptical. — In what precedes, we
have considered the path of the earth around the sun, called by
astronomers its ORBIT, to be a circle, in the centre of which the
centre of the sun is placed. This is nearly true, but not ex-
actly so, as will appear from the following observed phe-
nomena,

Let a telescope supplied with the micrometric wires described
in 2317, be directed to the sun, and the wires so adjusted that
they shall exactly touch the upper and lower limbs, as in fig.
718. Let the observer then watch from day to day the appear-

O O

Fig. 718, Fig. 719. Fig. 720.

ance of the sun and the position of the wires; he will find that,
after a certain time, the wires will no longer touch the sun, but
will perhaps fall a little within it, as represented in fig. 719.
And after a further lapse of time, he will find, on the other
hand, that they fall a little without it, as in fig. 720.

Now, as the wires throughout such a series of observations
are maintained always in the same position, it follows that
the disk of the sun must appear smaller at one time, and larger
at another—that, in fact, the apparent magnitude of the sun
must be variable. It is true that this variation is confined
within very small limits, but still it is distinetly perceptible,
‘What, then, it may be asked, must be its cause? Is it pos.
sible to imagine that the sun really undergoes a change in its
size? ‘This idea would, under any circumstances, be absurd;

15



178 ASTRONOMY,

but when we have ascertained, as we may do, that the change
of apparent magnitude of the sun is regular and periodical —
that for one half of the year it continually diminishes until it
attains a minimumn, and then for the next half year it increases
until it attains o maximum — such a supposition as that of a
real periodical change in the globe of the sun becomes altoge-
ther incredible.

If then, an actual change in the magnitude of the sun be im-
possible, there is but one other conceivable cause for the change
in its apparent magnitude — which is, a corresponding change
in the earth’s distance from it. If the earth at one time be
more remote than at another, the sun will appear proportionally
smaller. This is an easy and obvious explanation of the changes
of appearance that are observed, and it has been demonstrated
accordingly to be the true one.

On examining the change of the apparent diameter of the
sun, it is found that it is least on the 1st of July, and greatest

‘on the 31st of December; that from December to July, it
.regularly decrenses; and from July to December, it regularly
increases.

Since the distance of the earth from the sun must increase
in the same ratio as the apparent diameter of the sun decreases,
and vice versa (1118), the variation of the distance of the earth
from the sun in every position which it assumes in its orbit
can be exactly ascertained. A plan of the form of the orbit
nmay therefore be laid down, having the point occupied by the
centre of the sun marked in it. Such a plan proves on geo-
metric examination to be an ellipse, the place of the sun being
one of the foci.

2460, Method of describing an ellipse — its foci, axis, and
eccentricity. — If the ends of a thread be attached to two points
less distant from each other than its entire length, and a pencil
be looped in the thread, and moved round the points, so as to
keep the thread tight, it will trace an ellipse, of which the two
points are the FocL

The line drawn joining the foci, continued in both directions
to the ellipse, is called its TRANSVERSE, or MAJOR AXIS.

Another line, passing through the middle point of this at right
angles to it, is called its MINOR AXIS.

The middle point of the major axis is called the CENTRE of
the ellipse.
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The fractional or decimal number which expresses the dis-
tance of the focus from the centre, the semiaxis major being
taken as the unit, is called the eccentricity of the ellipse.

In fig. 721., ¢ is the centre, s
and s” the foci, A B the trans-
verse axis.

# The less the ratio of §8"to A B,

8 or, what is the same, the less the

eccentricity is, the more nearly

the form of the ellipse approaches

to that of a circle, and when the

foci actually coalesce, the ellipse
Fig. 721 becomes an exact circle.

2461. Eccentricity of the eartl’s orbit. —The eccentricity of
the elliptic. orbit of the earth is so small, that if an ellipse, re-
presenting truly that orbit, were drawn upon paper, it would
be distinguishable from a circle only by submitting it to exact
measurement. The eccentricity of the orbit has been ascer-
tained to be only 0°01679. The semiaxis major, or mean dis-
tance, being 1-0000, the greatest and least distances of the earth
from the sun will be — :

s = 10000 + 001679 = 101679
As = 1-0000 — 001679 = 0°98321.

The difference between these extreme distances is, therefore,
_only 0-03338. So that the difference between the greatest and
least distances does not amount to so much as four hundredths
of the mean distance. .

2462. Perihelion and aphelion of the earth.— The positions
A and B, where the earth is nearest to, and most distant from,
the sun, are called PERIHELION and APHELION.

The positions of these points are ascertained by observing
the places of the sun when its apparent diameter is greatest
and least.

It is evident from what has been stated that the earth is in
aphelion on 1st July, and in perihelion on 1st January.

Contrary to what might be expected, therefore, the earth is
more distant from the sun in summer than in winter.

2463. Vatiations of temperature through the year.—The
succession of spring, summer, autumn, and winter, and the

L *16



180 . ASTRONOMY,

variations of temperature of the seasons—so far as these vari-
ations depend on the position of the sun — will now require to
be explained. :

The influence of -the sun in heating' a portion of the earth’s
surface, will depend partly on its altitude above the horizon.
The greater that altitude is, the more perpendicalarly the rays
will fall, and the greater will be their calorific effect.

To explain this, let us suppose ABCD, fig. 722, to re-

B ¥ D A Dpresent a beam of the solar
light ; let cp represent a por-
tion of the earth’s surface,
upon which the beam would
fall perpendicularly ; and let
CE represent that portion on

, Fig. 722, which it would fall obliquely}
the same number of rays will strike the surfaces ¢» and cE;
but the surface CE being obvnously greater than ¢ b, the rays
will necessarily fall more densely on the latter: and as the
heating power must be in proportion to the density of the rays,
it follows that ¢ » will be heated more than ¢ E in just the same
proportion as CE is greater than ¢ p. But if we would compare
two surfaces on neither of which the sun’s rays fall perpen-
dicularly, let us take ce and ¢c¥. They fall on ¢ E with more
obliquity than on ¢F; but cE is evidently greater than ¢ F,
and therefore the rays, being diffused over a larger surface, are
less dense, and therefore less effective in heating.

The calorific effect of the sun’s rays on a surface more
oblique to their direction than another will then be propor-
tionably less.

If the sun be in the zenith, its rays will strike the surface
perpendicularly, and the heating effect will therefore be greater
than when the sun is-in any other position.

The greater the altitude to which the sun rises, the less
obliquely will be the direction in which its rays will strike the
surface at noon, and the more effective will be their heating
power. So far, then, as the heating. power depends on the
altitude of the sun, it will be increased with every increase of
its meridian altitude.

Hence it is that the heat of summer increases as we approach
the equator. The lcwer the latitude is, the greater will be the
height to which the sun will rise. The meridian altitude of
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the sun at the summer solstice being everywhere outside the
tiopics forty-six degrees and fifty-six minutes more than at the’
winter solstice, the heating effect will be proportionately greater.

But this is not the only cause which produces the greatly
superior heat of summer as compared with winter, especially in
the higher latitudes. The heating effect of the sun depends not
.alone on its altitude at midday ; it also depends on the length of
time which it is above the horizon and below it. While the

. sun is above the horizon, it is continunally imparting heat to the
air and to- the surface of the earth ; and while it is below the
horizon, the heat is continually being dissipated. The longer,
therefore,—other things being the same,—the sun is above the
horjzon, and the shorter time it is below it, the greater will be
the amount of heat imparted to the earth every twenty-four
hours. Let us suppose that between sunrise and sunset, the
sun, by its calorific effect, imparts a certain amount of heat to
the atmosphere and the surface of the earth, and that from
sunset to sunrise a certain amount of this heat is lost: the
result of the action of the sun will be found by deducting the
latter from the former.

Thus, then, it appears that the influence of the sun upon the
seasons depends as much upon the length of the days and nights
as upon its altitude; but it so happens that one of these cir-
cumstances depends upon the other. The greater the sun’s
meridional altitude is, the longer will be the days, and the
shorter the nights; and the less it is, the longer will be the
nights, and the shorter the days. Thus both circumstances
always conspire in producing the increased temperature of
summer, and the diminished temperature of winter.

2464. Why the longest day is not also the hottest.— The dog-
days.—A difficulty is sometimes felt when the operation of these
causes is comsidered, in understanding how it happens that,
notwithstanding what has been stated, the 21st of June — when
the sun rises the highest, when the days are longest and the
nights shortest — is not the hottest day, but that, on the con-
trary, the dog-days, as they are called, which comprise the
hottest weather of the year, occur in August; and in the same
manner, the 21st of December—when the height to which
the sun rises is least, the days shortest, and the m«rhts longest
—is not usunlly the coldest day, but that, on the other hand,
the most inclement weather occurs at a later period.
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To explain this, so far as it depends on the position of the
“sun and the length of the days and bights, we are to consider
the following circumstances : —

As midsummer approaches, the gradual increase of the tem-
perature of the weather has been explained thus: The days
being considerably longer than the nights, the quantity of heat
imparted by the sun during the day is greater than the quan-
tity lost during the night; and the entire result during the
twenty-four hours gives an_increase of heat. As this aug-
mentation "takes place after each successive day and night,
the general temperature continues to increase. On the 21st
of June, when the day is longest, and the night is shortest,
and the sun rises highest, this augmentation reaches its maxi-
mum ; but the temperature of the weather does not therefore
cease to increase. After the 21st of June, there continues to
be still a daily augmentation of heat, for the sun still continues
to impart more heat during the day than is lost during the
night. The temperature of the weather will therefore only
cease to increase when, by the diminished length of the day, the
increased length of the night, and the diminished meridional
altitude of the sun, the heat imparted during tlife day is just
balanced by the heat lost during the night. There will be,
then, no further increase of témperature, and the heat of the
weather will have attained its maximum.

But it might occur to a superficial observer, that this reason-
ing would lead to the conclusion that the weather would con-
tinue to increase in its temperature, until the length’of the
days would become equal to the length of the nights; and such
would be the case, if the loss of heat per hour during the night
were equa.l to that gain of heat per hour during the day. But
such is not the case; the loss is more rapld than the gain,
and the consequence is, that the hottest day usually comes
within the month of July, but always long before the day of
the autumnal equinox.

. The same reasoning will explain why the coldest weather
does not usually occur on the 21st of December, when the day
is shortest and the night longest, and when the sun attains the
lowest meridional altitude. The decrease of the temperature
of the weather depends upon the loss of beat during the night
being greater than the gain during the day; and uatil, by the
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increased length of the day and the diminished length of the
night, these etfects are balanced, the coldest weather will not
be attained.

These observations must be understood as applying only so
far as the temperature of the weather is affected by the sun,
and by the length of the days and nights. There are a variety
of other local and geographical causes which interfere with
these effects, and vary them at different times and places.

On referring to the annual motion of the earth round the
sun, it appears that the position of the sun within the elliptic
orbit of the earth is such that the earth is nearest to the sun
about the lst of January, and most distant fiom it about the
1st of July. As the calorific power of the sun’s rays increases
as the distance from the earth diminishes, in even a higher
proportion than the change of distances, it might be expected
that the effect of the sun in heating the earth on the Ist of
January would be considerably greater than on the 1st of July.
If this were admitted, it would follow that the annual motion
of the earth in its elliptic orbit would have a tendency to
diminish the cold of the winter in the northern hemisphere, »
and mitigate the heat of summer, so as to a certain extent to
equalise the seasons; and, on the contrary, in the southern
hemisphere, where the 1st of January is in the middle of sum-
mer and the 1st of July the middle of winter, its effects
would be to aggravate the cold in winter and the heat in sum-
mer.  The investigations, however, which have been made in
the physics of heat, have shown that that principle is governed
by laws which counteract such effects. Like the operation of
all other physical agencies, the sun’s calorific power requires a
definite time to produce a given effect, and the heat received
by the earth at any part of its orbit will depend conjointly on
its distance from the sun and the length of time it takes to
traverse that portion of its orbit. Im fact, it has been ascer-
tained that the heating power depends as much on the rate at
which the sun changes its longitude as upon the earth’s distance
from it. Now it happens that, in consequence of the laws of
the planetary motions, discovered by Kepler, and explained by
Newton, when the earth is most remote from the sun, its ve-
locity is least, and consequently the hourly changes of longitude
of the sun‘will be proportionally less, Thus it appears that
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what the heating power loses by augmented distance, it gains
by diminished velocity ; and again, when the earth is nearest to
the sun, what it gains by diminished distance, it loses by in-
creased speed. There is thus a complete compensation produced
in the heating effect of the sun, by the diminished velocity of
the earth which accompanies its increased distance.  ~

This period of the year, during which the heat of the weather
is usually most intense, was called the CANICULAR DaAYS, or
poG DAYS., These days were generally reckoned as forty,
commencing about the 3rd of July, and received their name
from the fact, that in ancient times the bright star Sirius, in
the constellation of Canis major, or the great dog, at that time
rose a little before the sun, and it was to the sinister influence
of this star that were ascribed the bad effects of the inclement
heat, and especially the prevalence of madness among the
capine race. Owing to a cause which will be éxplained here-
after (the precession of the equinoxes), this star no longer rises
with the sun during the hot season.

CHAP. IX.

THE MOON.

2465. The moon an object of popular interest.—Although it be
in mere magnitude, and physically considered, one of the most
ingignificant bodies of the solar system, yet for various reasons
the 2100N has always been regarded by mankind with feelings
of profound interest, and has been invested by the popular
mind with various influences, affecting not only the physical
condition of the globe, but also the phenomena of the organised
world. It has been as much an object of popular superstition
as of scientific observation. These circumstances doubtless are
in some degree owing to its striking appearance in the firma-
ment, to the various changes of form to which it is subject,
and above all to its proximity to the earth, and the close
alliance existing between it and our planet.

2466, Its distance. — The distance of the moon is computed,
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by the method explained in 2328, by first ascertaining its

horizontal parallax.

s Let Eand E', fig. 723, be the opposite

*ends of a diameter of the earth, and let M
be the place of the moon’s centre. ILet s
be any conspicuous star seen near the moon
in the heavens, in the plane of the points
E, E, and a,  The apparent distance of
this star from the moon’s centre is ss to
an observer at E, and it is s¢ to an ob-
server at €'. The difference of these dis-
tances §'s is the arc of the heavens which
measures the angle sas’ or, what is the
same, the angle EME’, under which the
diameter EE’ of the earth would be seen
from the moon.

Now the ares ssand ss’ can be and
have been measured, and their mean differ-
ence ss” has been ascertained to be 114’12
= 6852", subject to a slight variation
from a cause which will presently be ex-
plained.

It appears, from what has been ex-
plained in 2327, that half the angle EmMy’
is the moon’s horizontal parallax, which is
therefore 57/ 6" = 3426".

Fig. 72s. The moon’s distance therefore, com-
puted by the formula explained in 2328, is
206265
=78 = 602 X 7.
B= aags X" 4

Tt follows, therefore, that the moon’s distance is about thirty
times the eartl’s diameter; and since the value of the latter
1§ 7900 miles, the moon's distance is

7900 x 30 = 237,000 miles,
or, as appears by more exact computation, 237,630 miles.
2467. Linear value of 1” on it. — Having thus ascertained
the moon’s distance, we are enabled, by the method explained
in 2319, to aspertain the actual length measured transversely to
the line of vision on the moon which corresponds to the visual
angle of 17, This length is
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237630 _ .. .
206265 = 1:15 mile.

By this formula any space upon the mgon, measured by its
visual angle, can be reduced to its actual linear value, provided
its direction be at right angles to the visual ray, which it will
be if it be at the centre of the lunar disk. IFf it be between the
centre and the edges it will be foreshortened by the obliquity
of the moon’s surface to the line of vision, and, consequently,
the linear value thus computed will be the real linear value
diminished by projection, which, however, can be easily allowed
for so that the true linear value can be obtained for every part
of the lunar disk.

2468. Its apparent and real diameter. — The apparent dia-
meter of the moon ig subject to a slight variation, owing to a
corresponding variation due to the small ellipticity of its orbit.
Its mean value is found to be 31’ 7 or 1867”.

By what has just been established (2392), therefore, its real
diameter must be

1867 x 1:15 = 2147 miles.

More exact methods give 2153 miles.

Since the superficial magnitude of spheres is as the squares,
and their volume or solid bulk as the cubes, of their diameters,
it follows that the superficial extent of the moon is about the
fourteenth part of the surface, and its volume about the farty-
ninth part of the bulk, of our globe.

© 2469. Apparent and real motion. —The moon, like the sun,
appears to move upon the celestial sphere in a direction con-
trary to that of the diurnal motion. Its apparent path is a great
circle of the sphere, inclined to the ecliptic at an angle of about
578’ 48", It'completes its revolution of the heavens in 274
7h. 4 4m.

This apparent motion is explained by a real motion of the
moon’ round the earth at the mean distance above mentioned,
and in the time in which the apparent revolution is completed.

2470. Hourly motion, apparent and real.— Since the time
taken by the moon to make a complete revolution, or 360° of
the heavens, is 27%: 7h- 44m- or 655173, it follows, that her
mean apparent motion per day is 13° 10’ 35”, and per hour is
82’ 42", which is a little more than her mean apparent diameter.
The rate of the moon’s apparent motion on the firmament may
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therefore be remembered by the fact, that she moves over the
length of her own apparent diameter in an hour.

Since the linear value of 1” at the moon’s distance is 1:15
mile, the linear value of 1’ is 69 miles, and, consequently, the
real motion of the moon per hour in her orbit, is

6°9 X 329 == 227 miles.

Her orbitual motion is therefore at the rate of 3-8 miles per
minute.

2471. Orbit elliptical. — Although in its general form and
character, the path of the moon round the earth is, like the
orbits of the planets and satellites, circular, yet when submitted
to accurate observation, we find that it is strictly an ellipse or
oval, the centre of the earth occupying one of its foei. This
fact can be ascertained by immediate observation upon the ap-
parent magnitude of the moon. It will be easily comprehended
that any change which the apparent magnitude, as seen from
the earth, undergoes, must arise from corresponding changes in
the moon’s distance from us, Thus, if at one time the disk of
the moon appears larger than at another time, as it cannot be
supposed that the actual size of the moon itself could be changed,
we can only ascribe the increase of the apparent magnitude to
the diminution of its distance. Now we find by observation
that such apparent changes are actually observed in its monthly
course around the earth. The moon is subject to a small
though perceptible variation of apparent size. We find that it
diminishes until it reaches a minimum, and then gradually in-
creases until it reaches a8 maximum.

When the apparent magnitude is least, it is at its greatest

J distance, and when greatest, at its least distance. The positions
jn. which these distances lie are directly opposite. Between
hese two positions the apparent size of the moon undergoes a
regular and gradual change, increasing continually from its mi-
Nimum to its maximum, and consequently between these posis
tions its distance must gradually diminish from its maximum
to its minimum. If we lay duwn on a chart or plan a delineation
of the course or path thus determined, we shall find that it will
represent an oval, which differs however very little from a
circle; the place of the earth being nearer to one end of the
oval than the other.
2472, Moon’s apsides — apogee and perigee — progression of
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the apsides. — The point of the moon’s path in the heavens at
which its magnitude appears the greatest, and when, therefore,
it i3 nearest the earth, is called its perigee ; and the point where
its apparent size is least, and where, therefore, its distance from
the earth is greatest, is called its apogee. These two points are
called the moon’s apsides. ’

If the positions of these points in the heavens be observed
accurately for a length of time, it will be found that they are
subject to a regular change ; that is to say, the place where the
moon appears smallest will every month shift its position ; and
a corresponding change will take place in the point where it
appears largest. The movement of these points in the heavens
is found to be in the same direction as the general movement of
the planets; that is, from west to cast, or progressive. This
phenomenon is called the PROGRESSION OF THE MOON’S AP-
SIDES.

The rate of this progression of the moon’s apsides is 40° 68’
in a tropical or common year, being equivalent to 6" 41” per
day. They consequently make a complete revolution in 883
Years, ,

2473, Moon’s nodes — ascending and descending node—their
retrogresston. — If the position of the moon’s centre in the
heavens be observed from day to day, it will be found that its
apparent path is a great circle, making an angle of about 5°
with the ecliptic. This path consequently crosses the ecliptic
at two points in opposite quarters of the heavens. These points
are called the moon’s nodes. Their positions are ascertained
by observing from time to time the distance of the moon’s centre
from the ecliptic, which is the moou’s latitude ; by watching its
gradual diminution, and finding the point at which it becomes
nothing ; the moon's ‘centre is then in the ecliptic, and its posi-
tion is the node. The node at which the moon passes from
the south to the north of the ecliptic is called the ascending node,
gnd that at which it passes from the north to the south is
called the descending note.

These points, like the apsides, are subject to a small change
of position, but in a retrogade direction. They make a com-
plete revolution of the ecliptic in a direction contrary to the
motion of the sun in 186 years, being at the rate of 3’ 10”6
per day.

2474. Rotation on its axis—While the moon moves round the
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earth thus in its monthly course, we find, by observations of ity
appearance, made even without the aid of telescopes, that the
same hemisphere is always turned towards us. We recognise
this fact by observing that the same marks are always seen in
the same positions upon it. Now in erder that a globe which
revolves in a circle around a centre should turn continually the
same hemisphere toward that centre, it is necessary that it
should make one revolution upon its axis in the time it takes so
to revolve. For let us suppose that the globe, in any one posi-
tion, has the centre round which it revolves north of it, the
hemisphere turned toward the centre is turned toward the north.
After it makes a quarter of a revolution, the centre is to the east
of it, and the hemisphere which was previously turned to the
north must now be turned to the east. After it has made another
quarter of a revolution the centre will be south of it, and it must
be now turned to the south. In the same manner, after another
quarter of a revolution, it must be turned to the west. As the
same hemisphere is successively turned to all the points of the
compass in one revolution, it is evident that the globe itself
must make a single revolution on its axis in that time.

It appears, then, that the rotation of the moon upon its axis,
being equal to that of its revolution in its orbit, is 274- 7he 44m-
or 6551 44m  The intervals of light and darkness to the inha-
bitants of the moon, if there were any, would then be altogether
different from those provided in the planets; there would be
fbout 327h- 52m of continued light alternately with 3271 52m-
of continued darkness; the analogy, then, which, as will hereafter
appear, prevails among the planets with regard to days and
nights, and which forms a main argument in favour of the con-
clusion that they are inhabited globes like the earth, does not
hold good in the case of the moon,

2473. Inclination of axis of rotation.—Although as a general
proposition it be true that the same hemisphere of the moon is
-always turned toward the earth, yet there are small variations at
the edge called librations, which it is necessary to notice. The
axis of the moon is not exactly perpendicular to its orbit, but is
inclined at the small angle of 1° 30’ 10"-8. By reason of this in
clination, the northern and southern poles of the moon lean alter-
nately in'a slight degree to and from the earth.

2476. Libration in latitude.— When the north pole leans
_Jowards the earth, we see a little more of that region, and a little
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less when it leans the contrary way. This variation in the
northern and southern regions of the moon visible to us, is
called the LIBRATION IN LATITUDE. .

2477. Libration in longitude. —In order that in a strict
sense the same hemisphere should be continually turned to-
ward the earth, the time of rotation upon its axis must not only
be equal the time of rotation in its orbit, which in fact it is, but
its angular velocity on its axis in every part of its course, must
be exactly equal to its angular velocity in its orbit. Now it hap-
pens that while its angular velocity on its axis is rigorously
uniform throaghout the month, its angular velocity in its orbit
is subject to a slight variation; the consequence of this is that
a little more of its eastern or western edge is seen at one time
than at another. This is called the LIBRATION IN LONGITUDE.

2478. Diurnal lLibration.—By the diurnal motion of the
earth, we are carried with it round its axis; the statious from
which we view the moon in the morning and evening, or rather
when it rises and when it sets, are then ditferent according to
the latitude of the earth in which we are placed. By thus
viewing it from different places, we see jit under slightly dif-'
ferent aspects. This is another cause of u variation, which we see;
in its eastern and western edges ; this is called the DIURNAL:
LIBRATION.

2479. Phases of the moon.—While the moon revolves round
the earth, its illuminated hemisphere is always presented to the’
san; it therefore takes various positions in reference to the
earth. In fig. 724. the effects of this are exhibited. Let s
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represent the direction of the sun, and E the earth ; when the
moon is at N, between the sun and the earth, its illuminated
hemisphere being turned toward the sum, its dark hemisphere
will be presented toward the earth; it will therefore be invi-
sible, In this position the moon is said to be in CONJUNCTION.

When it moves to the position ¢, the enlightened hemisphere
being still presented to the sun, a small portion of it only
is turned to the earth, and it appears as a thm crescent, as
represented at e.

When the moon takes.the position of Q, at right angles to the
sun, it is said to be in QUADRATURE ; one half of the enlightened
hemisphere only is then' presented to the earth, and the moon
appears halved, .as represented at g.

When it arrives at the position @, the greater part of the
enlightened portion is turned to the earth, and it is gibbous,
appenring as represented at g.

- When the moon comes in oPPosITION to the sun, as seen at F,
the enlightened hemisphere is turned full toward the earth, and

the moon will appear full as at /; unless it be obscured by the
.earth’s shadow, which rarely happens. In the same manner it
is shown that at 6’ it is again gibbous; at Q" it is halved, and at
¢’ it is a crescent.

‘When the moon is full, being in opposition to the sun, it will
necessarily be in the meridian at midnight, and will rise as the
sun sets, and set as the sun rises; and thus, whenever the en-
‘lightened hemisphere is turned toward us, and when, therefore,
-it is the most capable of benefiting us, it is up in the firmament

all night ; whereas, when it is in conjunction, as at N, and the
dark hemisphere is turned toward us, it would then be of no use
to us, and is accordingly up during the day. ‘The position at
is called the  first quarter,” and at Q' the “last quarter.” "The
position at ¢ is called the first octant; ¢ the second octant; ¢’
the third octant; and ¢ the fourth octant. At the first and
fourth octants it is a crescent, and at the second and third
octants it is gibbous.

'2480.—Synodic period or common month.—The spparent
motion of the moon in the heavens is much more rapid than that
of the sun; for while the sun makes a complete circuit of the
ecliptic in 365-25 days, and therefore moves over it at about 61/
per day, the moon moves at the rate of 13° 10’ 35" (2470) per day.
As the sun and moon appear to move in the same direction in the

.
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firmament, both proceeding from west to east, the moon will, after
conjunction, depart from the sun toward the east at the rate of
about 12° 9’ per day. If then, the moon be in conjunction with
the sun on any given day, it will be 12° ¢ east of it at the same
time on the following day ; 24° 18’ east of it after two days, and so
on. If, then, the sun set with the moon on any evening, it will,
at the moment of sunset on the following evening, be 12° 9’ east of
it, and at sunset will appear as a thin crescent, at a considerable
altitude; on the succeeding day it will be 24° 18’ east of the sun,
and will be at a still greater altitude at sunset, and will be a
broader crescent, After seven days, the moon will be removed
nearly 90° from the sun; it will be at or near the meridian at
sunset. It will remain in the heavens for about six hours after
sunset, and will bg seen in the west as the half-moon. Each
successive evening increasing its distance from the sun, and also
increasing its breadth, it will be visible in the meridian at a
later hour, and will consequently be longer apparent in the
firmament during the night—it will then be gibbous. After
about fifteen days, it will be 180° removed from the sun, and
will be full, and consequently will rise when the sun sets, and
set when the sun rises — being visible the entire night. After
the lapse of about twenty-two days, the distance of the shoon
from the sun being about 270° it will not reach the meridian
until nearly the hour of sunrise; it will then be visible during
the last six hours of the night only. The moon will then be
waning, and toward the close of the month will only be seen in ‘
the morning before sunrise, and will appear as a crescent.

If the earth and sun were both stationary while the moon
revolves round the former, the period of the phases would be
the same as the period of the moon. But from what has been
explained, it will be evident that while the moon makes its
apparent revolution of the heavens in about 27-3 days, the sun
advances through somewhat more than 27° of the heavens, in
the same direction. Before the moon can reassume the same
phase, it must have the same position relative to the sun, and
must, therefore, overtake it. But since it moves at the rate
of about 1°in two hours, it will take more than two days to
move over 27°. Hence the synodic period, or lunar month, or
the interval between two successive conjunctions, is about two
days longer than the sidereal period of our satellite,
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The exact length of the synodic period §s 294 12bc 14™
2387, or 29:53059 mean solar days.

2481. Alass and density. — The methods by which the mass
or weight of the moon has been ascertained will be explained
hereafter ; meanwhile it may be stated here that the result of
the most recent solutions of this problem, by various me-
thods and on different data, proves that the mass or quantity
of matter composing the globe of the moon, is a little more than
the 90th part of the mass of the earth; or, more exactly, if the
mass of the earth consist of & million of equal parts, the mass
of the moon will be equal to 11,399 of these parts.

Since the volume or bulk of the moon is about the 50th part
of that of the earth, while its mass or weight is little more than
the 90th part of that of the earth, it follows that its mean
density must be little more than half the density of the earth,
and therefore (2393.) about 2-83 times that of water.

2482. No air upon the moon.—In order to determine
whether or not the globe of the moon is surrounded with any
gaseous envelope like the atmosphere of the earth, it is neces-
sary first to comsider what appearances such an appendage
would present, seen at the moon’s distance, and whether any
such appearances are discoverable.

According to ordinary and popular notions, it is difficult to
separate the idea of an atmosphere from the existence of clouds ;
yet to produce clouds something more is necessary than air.
The presence of water is indispensable, and if it be assumed
that no water exist, then certainly the absence of clouds is no
proof of the absence of an atmosphere. Be this as it may,
however, it is certain that there are no clouds upon the moon,
for if there were, we should immediately discover them, by the
variable lights and shadows they would produce. If there is,
then, an atmosphere upon the moon, it is one entirely unaccom-
panied by clouds.

Oune of the effects produced by a distant view of an atmo-
sphere surrounding a globe, one hemisphere of which is illu-
minated by the sun, is, that the boundary, or line of sepa-
ration betweep the hemisphere enlightened by the sun and
the dark hemisphere, is not sudden and sharply defined, but
is gradual —the light fading away by slow degrees into the
darkness,

m. . K



194 ASTRONOMY.

It is to-this effect upon the globe of the earth that twilight
is owing, and as we shall see hereafter, such a gradual fading
away of the sun’s light is discoverable on some of the planets,
upon which an atmosphere is observed.

Now, if such an effect of an atmosphere were produced upon
the moon, it wonld be perceived by the naked eye, and still
more distinetly with the telescope. When the moon appears as
a crescent, its concave edge is the boundary which separates
the enlightened from the dark hemisphere. When it is in the
quarters, the diameter of the semicircle is also that boundary.
In neither of these cases, however, do we ever discover the
slightest indication of any such appearance as that which has
just been described. There is no gradual fading away of the
light into the darkness; on the contrary, the boundary, though
serrated and irregular, is nevertheless perfectly well defined and
sudden. '

All these circumstances conspire to prove that there does not
exist upon the moon an atmosphere capable of reﬂectmg light
in any sensible degree.

2488. Absence of air indicated by absence of refraction. —
But it may be contended that an atmosphere may still exist,
though too attenuated to produce a sensible twilight. Astro-
nomers, however, have resorted to another test of a much more
decisive and delicate kind, the nature of which will be under-
stood by explaining a simple principle of optics.

Let mm’, fig. 725., represent the disk of the moon. Let aa’
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represent the atmosphere which surrounds it. Let sme and
s m' e represent two lines touching the moon at m and =/, and
proceeding towards the earth. Let ss be two stars seen in the
direction of these lines. If the moon had no atmosphere, these
stars would appear to touch the edge of the moon at m and m’,
because the rays of light from them would pass directly
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towards the earth; but if the moon have an atmosphere,
then that atmosphere will possess the property which is com-
mon to all transparent media of refracting light, and, in
virtue of such property, stars in such positions as §'s, be-
hind the edge of the moon, would be visible at the earth, for
the ray s'm, s"m’, in passing through the atmosphere, would be
bent at an angle in the direction 7 ¢, and in like manner the
ray s'm’ would be bent at the angle m' ¢’— so that the stars s’ s’
would be visible at e’¢’, notwithstanding the interposition of
the edges of the moon.

"This reasoning leads to the conclusion that as the moon moves
over the face of the firmament, stars will be continually visible
at its edge which are really behind it if it have an atmosphere,
and the extent to which this effect will take place will be in
proportion to the density of the atmosphere.

The magnitude and motion of the moon and the relative
positions of the stars are so accurately known that nothing is
more easy, certain, and precise, than the observations which
may be made with the view of ascertaining whether any stars
are ever seen which are sensibly behind the edge of the moon.
Such observations have been made, and no such effect has ever
been detected. This species of observation is susceptible of
such extreme accuracy, that it is certain that if an atmosphere
existed upon the moon a thousand times less dense than our
own, its presence must be detected.

Bessel bas calculated that if the difference between the ap-
parent diameter of the moon, and the arc of the firmament
moved over by the moon’s centre during the occultation of a
star, centrically occulted, were admitted to amount to so much
as 2”, and allowing for the possible effect of mountains, by
which the edge of the disk is serrated, taking these at the ex-
treme height of 24,000 feet, the density of the lunar atmos-
.phere, whose refraction would produce such an effect, would
not exceed the 9G8th part of the density of the earth’s atmos-
phere, supposing the two fluids to be similurly constituted. Nor
would this conclusion be materially modified by any supposition
of an atmosphere composed of gases different from the consti-
tuents of the earth’s atmosphere,

The earth’s atmosphere supports a column of 30 inches of

mercury: an atmosphere 1000 times less dense would support
K 2
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a column of three-tenths of an inch only. We may therefore
consider it as an established fact, that no atmosphere exists on
the moon having a density even as great as that which remains
under the receiver of the most perfect air-pump, aftér that
instrument has withdrawn from it the air to the utmost extent
of its power.

_ If further proofs of the nonexistence of a lunar atmosphere
were required, Sir J. Herschel indicates several which are found
in the phenomena of eclipses. In a solar eclipse the existence
of an atmosphere having any sensible refraction, would enable
us to trace the limb of the moon beyond the cusps externally to
the sun’s disk, by a narrow but brilliant line of light extending
to some distance along its edge. No such phenomenon has,
however, been seen.

If there were any appreciable quantity of vapour suspended
over the moon’s surface, very faint stars ought to disappear
behind it before the moment of their occultation by the inter-
pusition of the moon’s edge. Such, however, is not the case.
When occulted at the enlightened edge of the lufar disk, the
light of the moon overpowers them and renders them invisible,
and even at the dark edge the glare in the sky, caused by the
proximity of the enlightened part of the disk, renders the occul-
tation of extremely minute stars incapable of observation. But
these obstacles are removed in the case of total solar eclipses,
on which occasions stars, so faint as to be only seen by the aid
of a telescope, come up close to the limb without any sensible
diminution of their brightness, and undergo an extipction as
instantaneous as the largest and brightest by the interposition
of the moon’s limb.

2484. Moonlight not sensibly calorific. — It has long been an
object of inquiry whether the light of the moon has any beat,
but the most delicate experiments and observations have failed
to detect this property in it. The light of the moon was col-
lected into the focus of a concave mirror of- such magnitude as
would have been sufficient, if exposed to the sun’s light, to eva-
porate gold or platinum. The bulb of a differential thermo-
meter, sensitive enough to show a change of temperature
amounting to the 500th part of a degree, was placed in its
focus 80 as to receive upon it the concentrated rays. Yet no
sensible effect was produced. We must, therefore, conclude 4
that the light of the moon does not possess the calorific property 1
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in any sensible degree. But if the rays of the moon be not
warm, the vulgar impression thut they are cold is equally erro-
neous. We have seen that they produce no effect either way
on the thermometer.

2485. No liguids on the moon.— The same physical tests
which show the nonexistence of an atmosphere of air upon-the
moon are equally conclusive against an atmosphere of vapour.
It might, therefore, be inferred that no liquids can exist on the
moon’s surface, since they would be subject to evaporation.
Sir John Herschel, however, ingeniously suggests that the non-
existence of vapour is not conclusive against evaporation. One
hemisphere of the.moon being exposed continuously for 328
hours to the glare of sunshine of an intensity greater than a
tropical noon, because of the absence of an atmosphere and clouds
to mitigate it, while the other is for an equal interval exposed
to a cold far more rigorous than that which prevails on the
summits of the loftiest mountains or in the polar region, the
consequence would be the immediate evaporation of all liquids
which might happen to exist on the one hemisphere, and the
instantaneous condensation and congelation of the vapour on
the other. The vapour would, in short, be no sooner formed
on the enlightened hemisphere than it would rush to the
vacuum over the dark hemisphere, where it would be instantly
condensed and congealed, an effect which Herschel aptly illus-
trates by the familiar experiment of the cryopmorous. The
consequence, as he observes, of this state of things would be abso-
lute aridity below the vertical sun, constant aceretion of hoar frost
in the opposite region, and perhaps a narrow zone of running
water at the borders of the enlightened hemisphere. He conjec-
tures that this rapid alternation of evaporation and condensation
may to some extent preserve an equilibrium of temperature, and
mitigate the severity of both the diurnal and nocturnal condi-
tions of the surface. He admits nevertheless that such a sup-
position could only be compatible with the tests of the absence
of a transparent atmosphere even of vapour within extremely
narrow limits; and it remains to be seen whether the general
physical condition of the lunar surface as disclosed by the tele-
scope be not more compatible with the supposition of the total
absence of all liquid whatever.

It appears to have escaped the attention of those who assume
£ 3
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the possibility of the existence of water in the liquid state on
the moon, that, in the absence of an atmospheré, the temperature
must necessarily be, not only far below the point of congelation
of water, but even that of most other known liquids. Even
within the tropics, and under the line.with a vertical sun, the
height of the snow line does not exceed 16,000 feet (2187), and
nevertheless at that elevation, and still higher, there prevails
an atmosphere capable of supporting a considerable column of
mercury. At somewhat greater elevations, but still in an at-
mosphere of very sensible density, mercury is congealed.
Analogy, therefore, justifies the inference that the totsl, or
nearly total, absence of air upon the moon is altogether in-
compatible with the existence of water, or probably any
other body in the liquid state, and necessarily infers a tem-
perature altogether incompatible with the existence of orga-
nised beings in any respect analogous to those which inhabit
the earth.,

But another conclusive evidence of the nonexistence of
liquids on the moon is found in the form of its surface, which
exhibits none of those well understood appearances which re-
sult from the long-continued action of water. The mountain
formations with which the entire visible surface is covered are,
as will presently appear, universally so abrupt, precipitous, and
unchangeable, as to be utterly incompatible with the presence
of liquids.

2486. Absence of air deprives solar light and heat of their
utility. — The absence of air also prevents the diffusion of the
solar light. It has been already shown (923) that the.general
diffusion of the sun’s light upon the earth is mainly due to the
reflection and refraction of the atmosphere, and to the light re-
flected by the clouds ; and that without such means of diffusion
the solar lizht would only illuminate those places into which its
rays would directly penetrate. Every place not in full sunshine,
or exposed to some illuminated surface, would be involved in
the most pitchy darkness. The sky at noon-day would be in-
tensely black, for the beautiful azure of our firmament in the
day-time is due to the reflected colour of the air.

Thus it appears that the absence of air must deprive the
sun’s illuminating and heating agency of nearly all its utility.
If no diffusion of light and no retention and accumulation of
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heat, such as an atmosphere supplies, prevail, it is impossible
to conceive the existence and maintenance of an organised world
having any analogy to the earth.

2487. As seen from the moon, appearance of the earth and
the firmament. — If the moon were inhabited, observers placed
upon it would witness celestial phenomena of a singular de-
scription,-differing in many respects from those presented to the
inhabitants of our globe. The heavens would be perpetually
serene and cloudless. The stars and planets would shine with
extraordinary splendour during the long night of 328 hours.
The inclination of her axis being only 5°, there would be no
sensible changes of season. The year would consist of one
unbroken monotony of equinox. The inhabitants of one hemi-
sphere would never see the earth; while the inhabitants of the
other would have it constantly in their firmament by day and
by night, and always in the same position. To those who in-
habit the central part of the hemisphere presented to us, the
earth would appear stationary in the zenith, and would never
leave it, never rising nor setting, nor in any degree changing
its position in relation to the zenith or horizon. To these who
inhabit places intermediate between the central part of that
hemisphere and those places which are at the edge of the
moon’s disk, the earth would appear at a fixed and invariable
distance from the zenith, and also at a fixed and invariable
azimuth, the distance from the zenith being everywhere equal
to the distance of the observer from the middle point of the
hemisphere presented to the earth. To an observer at
any of the places which are at the edge of the lunar disk,
the earth would appear perpetually in a fixed direction on the
horizon.

The earth shone upon by the sun would appear as the moon
does to us; but with a disk having an apparent diameter greater
than that of the moon in the ratio of 79 to 21, and an apparent
superficial magnitude about fourteen times greater, and it would
consequently have a proportionately illuminating power.

Earth light at the moon would, in fine, be about fourteen times
more inténse than moonlight at the earth. The earth would
go through the same phases and complete the series of them in
the same period as that which regulates the succession of the

lunar phases, but the corresponding phases would be separated
x4
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by the interval of half a month. When the moon is full to the
earth, the earth is new to the moon, and vice versé: when the
moon is a crescent, the earth is gibbous, and ¢ice versa.

The features of light and shade would not, as on the moon,
be all permanent and invariable. So, far as they would arise
from the clouds floating in the terrestrial atmosphere, they
would be variable. Nevertheless, their arrangement would
have a certain relation to the equator, owing to the effect of
the prevailing atmospheric currents parallel to the line.* This
cause would produce streaks of light and shade, the general
direction of which would be at right angles to the earth’s axis,
and the appearance of which would be in all respects similar to
the BELTS which, as will appear hereafter, are observed upon
some of the planets, and which are aseribed to a like physical
cause.

Through the openings of the clouds the permanent geographi-
cal features of the surface of the earth would be apparent, and
would probably exhibit a variety of tints according to the pre-
vailing characters of the soil, as is observed to be the case with
the planet Mars even at an immensely greater distance. The
rotation of the earth upon its axis would be distinctly observed
and its time ascertained. The continents and seas would be
seen to disappear in succession at one side and to reappear at the
other, and to pass across the disk of the earth as carried round
by the diurnal rotation.

2488, Why the full disk of the moon is fuintly visible at
new moon.— Soon after conjunction, when the moon appears as
a thin crescent, but is so removed from the sun as to be seen at a
sufficient altitude after sunset, the entire Junar disk appears faintly
illuminated within the horns of the crescent. This phenomenon
is explained by the effect of the earth shining upon the moon
and illuminating it by reflected light as the moon illuminates
the earth, but with a degree of intensity greater in the ratio of
about 14 to 1, According to what has just been explained, the
earth appears to the moon nearly full at the time when the moon
appears to the earth as a thin crescent, and it therefore receives
then the strongest possible illumination. As the lunar crescent
increases in breadth, the phase of the earth as seen from the
moon becomes less and less full, and the intensity of the illu-

* See Chapter on the tides and trade winds,
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mination is proportionately diminished. Hence we find, that as
the lunar crescent passes gradually to the guarter, the comple-
ment of the lunar disk becomes gradually more faintly visible,
and soon disappears altogether,

2489. Physical condztzon of the moon's sur) face. —If we
examine the moon carefully, even without the aid of a telescope,
we shall discover upon it distinct and definite lineaments of
light and shadow. These features never change ; there they
remain, always in the same position upon the visible orb of the
mdon. Thus. the features that occupy its centre now have
occupied the same position throughout all human record. We
have already stated that the first and most obvious inference
which this fact suggests, is that the same hemisphere of the
moon is always presented toward the earth, and consequently,
the other hemisphere is never seen. This singular characteristic
which attaches to the motion of the moon round the earth, seems
to be a general characteristic of all other moons in the system,
Sir William Herschel, by the aid of his powerful telescopes,
observed indications which render it probable that the moons of
Jupiter revolve in the same manner, each presentmg continually
the same hemisphere to the planet. The cause of this peculiar
motion bas been attempted to be explained by the hypothesis
that the hemisphere of the satellite which is turned toward the
planet, is very elongated and protuberant, and it is the excess
of its weight which makes it tend to direct itself always toward
the primary, in obedience to the universal principle of attrac-
tion. Be this as it may, the effect is, that our selenographical
knowledge is necessarily limited to that hemisphere which is
turned toward us.

But what is the condition and character of the surface of the
moon? What are the lineaments of light and shade which we
see upon it? There is no object outside the earth with which
the telescope has-afforded us such minute and satisfactory in-
formation.

If, when the moon is a crescent, we examine with a telescope,
even of moderate power, the concave boundary, which is that
part of the surfuce where the enlightened hemisphere ends and
the dark hemisphere begins, we shall find that this boundary is
hot an even and regular curve, which it undoubtedly would be
if the surface were smooth and regular, or nearly so. If, for

x5
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example, the lunar surface resembled in its general character-
istics that of our globe, supposing that the entire surface is
land, having the general characteristics of the continents of the
earth, the inner boundary of the lunar crescent would still be
a regular curve broken or interrupted only at particular points.
‘Where great mountain ranges, like those of the Alps, the Andes,
or the Himalaya, might chance to cross it, these lofty peaks
would project vastly elongated shadows along the adjacent plain ;
for it will be remembered that, being situated, at the moment
in question, at the boundary of the enlightened and darkentd
hemispheres, the shadows would be those of evening or morn-
ing ; which are prodigiously longer than the objects themselves.
The effect of these would be to cause gaps or irregulavities in
the general outline of the inner boundary of the crescent. With
these rare exceptions, the inner boundary of the crescent pro-
duced by a globe like the earth would be an even and regular
curve. ‘ '

Such, however, is not the case with the inner boundary of
the lunar crescent, even when viewed by the naked eye, and
still less so when magnified by a telescope.

It is found, on the contrary, rugged and serrated, and bril-
liantly illuminated points are seen in the dark parts at some
distance from it, while dark shadows of considerable length
appear to break into the illuminated surface. The inequalities
thus apparent indicate singular characteristics of the surface.
The bright points seen within the dark hemisphere are the
peaks of lofty mountains tinged with the sun’s light. They are
in the condition with which all travellers in Alpine countries
are familiar ; after the sun has set, and darkness has set in over
the valleys at the foot of the chain, the sun still continues to
illuminate the peaks above.

The sketch of the lunar crescent given in fg. 726. will illus-
trate these observations.

The visible hemisphere of our satellite has, within the last
quarter of a century, been subjected to the most rigorous exami-
nation which unwearied industry, aided by the vast improve-
ment which has been effected in the instruments of telescopic
observation, rendered possible; and it is no exaggeration now
to state that we possess a chart of that hemisphere which in
accuracy of detail far exceeds any similar representation of the
earth’s surface.
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() Causes of the tints of white and gray on the moon’s disk.— The various
tints of white and gray which mark the lineaments observed upon the disk
of the full moon arise partly from the different reflecting powers of the
matter composing different parts of the lunar surface, and partly from the
different angles at which the rays of the solar light are’ incident upon them.
If the surface of the lunar hemisphere were uniformly level, or nearly so,
these angles of incidence would be determined by the position of each point
with relation to the centre of the illaminated hemisphere ; and, in that case,
the tints would be more regular and would vary in relation principally to
the centre of the disk ; but, owing to the great inequalities of level, and
the vast and complicated mountainous masses which project from every part
of the surface, and the great depths of the cavities and plains which are suk-
rounded by the circular mountain ranges, the angles of incidence of the
solar rays ave subject to extreme and irregular variation, which produce
those lincaments and forms tinted with various shades of gray and white
with which every eye is familiar,

"(¢) Shadows visible only in the phases — they supply measures of heights and
depths. — When the moon is full no shadows upon it can be scen, because,
in that position, the visual ray coinciding with the luminous ray, each object
is directly interposed between the observer and its shadow! As the phases
progress, however, the shadows gradually come into view, because the visual
ray js inclined at a gradually increasing angle to the solar ray, and, in the
quarters, this angle having increased to 90°, and the boundai¥ of the en-
lightened hemisphere being then in the centre of the hemisphere presented
to the observer, the position is most favourable for the ubservation of the
shadows by which chiefly, not only the forms and dispositions of the moun-
tainous masses and the intervening and enclosed valleys and ravines are
ascertained, but their heights and depths are measured. This Jatter problem
is solved by the well-understood principles of geometrical projection when
the dircctions of the visual and solar rays, the position of the object, and
of the surface on which the shadows are projected, are severally given,

the north pole at the lowest point of the disk, and the eastern limit is on
the right and the western on the left of the observer, all of which positions
are the reverse of those which the same points have when viewed without a
telescope, or with one which does not invert. The longitudes are measured
east and west of the meridian which bisects the visible disk. The original
chart is engraved in four separate sheets, cach representing a guadrant of
the visible hemisphere. The names of the various selenographical regions
and more prominent mountains ave indicated on the chart, and have been
taken generally from those of eminent scientific men, The meridians drawn
on the chart divide the surface into zones, each of which measures five de-
grees of longitude, and the parallels to the equator divide it into zones,
having cach the width of five degrees of latitude. The moon’s diameter
being less than that of the carth in the ratio of 100 to 182, a degree of lunar
latitade i8 less than 60 gcographical miles in the same proportion, and is,
therefore, equal to 33 geographical miles. This supplics a scale by which
the magnitudes on the chart, Plate L, may be approximately estimated,
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(d) Uniform patches, called oceans, seas, §e., proved to be irregular land
surfuce. — Uniform patches of greater or less extent, each having an uniform
gray tint more or less dark, having been supposed, by early observers, to be
large collections of water, were designated by the names, Oceanus, MARE,
Pavrus; Lacus, Sinus, &c,  These names are still retained, but the increased
power of the telescope has proved that such regions are diversified, like the
rest of the lunar surface, by inequalitics and undulations of permanent forms,
and are therefore not, as was imagined, water or other liquid. They differ from
other regionsonlyin the magnitude of the mountain masses which prevail
upon thein. About two-thirds of the visible hemisphere of the moon con-
sists of this character of surface. Examples of these are presented by the
Mare Nubiam, Oceanus Procellarum, Mare Humorum, &c., on the chart.

(¢) Whiter spots, mountains. — The more intensely white parts are moun-
tains of various magnitude and form, whose height, relatively to the moon’s
magnitude, greatly excceds that of the most stupendous terrestrial emi-
nences; and there are many, characterised by an abruptness and steepness
which sometimes assume the position of a vast vertical wall, altogether
without example upon the carth, These are generally disposed in broad
masses, lying in close contiguity, and intersected with vast and deep valleys,
gullies, and abysses, nonc of which, however, have any of the characters
which betray the agency of water.

(f) Classes of circular mountain ranges.—Circular ranges of mduntains
which, were®it not for their vast magunitude, might be inferred from their
form to have been volcanic craters, are by far the most prevalent arrange-
ment, ‘These have been denominated, according to their magnitudes, Bur-
wark Prains, Rine MooNtaxs, CRATERS, and HoLEs,

(9) Bulwark plains.—These are circular aveas, varying from 40 to 120
miles in diameter, enclosed by a ring of mountain ridges, mostly continuous,
but in some cases intersected at one or more points by vast ravines, The
enclosed avea is generally a plain on which mountains of less height are
often scattered, The surrounding circular ridge also throws out spurs, both
externally and internally, but the latter are generally shorter than the for-
mer. In some cases, however, internal spurs, which are diametrically op-
posed, unite in the middle so as to cut in two the enclosed plain. In some
rare cases the enclosed plain is uniuterrupted by mountains, and it is almost
invariably depressed below the general level of the surrounding land. A few
instances are presented of the enclosed plain being convex.

The mountainous circle enclosing these vast areas is seldom a single
ridge, It consists more generally of several concentric ridges, one of which,
however, always dominates over the rest and exhibits an uncqual summit,
broken by stupendous peaks, which here and there shoot up from it to vast
heights, Occasionally it is also interrupted by smaller mountains of the
circular form.

Examples of bulwark plains are presented -in the cases of Clavius, Walther,
Regiomontanus, Purbach, Alphonse, and Ptolemsus,

The diameter of Clavius is 124 miles*, and the enclosed area is 12,000

* The geographical mile, or the sixtieth part of a degree of the carth’s
meridian, :
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square miles. One of the peaks of the surrounding ridge shoots up to the
height of 16,000 feet.

The diameter of Ptolemeus is 100 miles, and it encloses an area of 6,400
square miles, This area is intersccted by numerous small ridges, not above
a mile in breadth and 100 feet in height. Ptolemwus is surrounded by
very high mountains, and is remarkable for the precipitous character of its
inner sides,

The other bulwark plains above named have nearly the same character,

but less dimensions.
- (k) Ring mountains. —These circular formations are on a smaller scale
than the bulwark plains, varying from 10 to 50 miles in diameter, and they
are generally more regular and more exactly circular in their form. They
are sometimes found wpon the ridge which encloses a bulwark plain, thus
interrupting the continuity of its boundary, and sometimes they are seen
within the enclosed area. Sometimes they stand in the midst of the maria,
Their inner declivity is always steep, and the enclosed area, which is always
concave, often includes a central mountain, presenting thus the general
character of a voleanic crater, but on a scale of magnitude without example
in terrestrial volcanoes, The surface enclosed is nlwny's lower than the
region surrounding the cnclosing ridge, and the central mountain often rises
to such a height that, if it were levelled, it would fill the depression,

(?) Tycho, a ring mountain. — The most remarkable example of this class
is Tycho (sec chart, lat. 42° long. 12°). This object is distinguishable
without a telescope on the lunar disk when full ; but, owing to the multitude
of other features which become apparent around it in the phascs, it can then
be only distinguished by a perfect knowledge of its position, and with a good
telescope. The enclosed area, which is very ncarly circular, is 47 miles in
diameter, and the inside of the enclosing ridge has the steepness of a wall,
Its height above the level of the enclosed plain is 16,000 fect, and above
that of the external regions 12,000 feet. There is a central mount, height
4,700 feet, besides a few lesser hills within the enclosure.

(%) Craters and holes.— These are the smallest formations of the circular
class, Craters enclose & visible area, containing generally a central mound
or peak, exhibiting in a striking manner the volcanic character. Holes
inelude no visible area, but may possibly be craters on a scale too small to
be distinguished by the telescope.

Formations of this class arc innumerable on every part of the visiblo sur-
face of the moon, but are no where more prevalent than in the region around
Tycho, which may be seen on a very enlarged scale in Plate IL, which
represents that ring mountain, and the adjacent region extending over six-
teen degrees of latitude, and from sixteen to twenty degrees of longitude.

(1) Other mountain formations.— Besides the preceding, which are the
most romarkable, the most characteristic, and the most prevalent, there are
varjous other forms of mountain, classified by Beer and Miidler, but which
our limits compel us to omit.

(m) Singular and -plained optical ph of radiating streaks. ~—
Among the most remarkable phenomcna prcscntcd to lunar observers, is the
systems of streaks of light and shade, which radiage from the borders of some
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of the largest of the ring mountains, spreading to distances of several hun-
dred miles around them. Seven of the mountains of this class, viz., Tycho,
Copernicus, Kepler, Pyrgius, Anaxagoras, Aristarchus, and Olbers are seve-
rally the centres round which this cxtraovdinary radiation is manifested.
Similar phenomena, less conspicuously developed, however, are visible around
Meyer, Euler, Proclus, Aristillus, Timocharis, and some others.

These phenomens, as displayed when the moon is full around Tycho, are
represented in Plate IIL on the same scale as Plate II.

These radiating streaks commence at a distance of about 20 miles outside
the circular ridge of Tycho. From that limit they diverge and overspread
fully a fourth part of the visible hemisphere. On the S. they extend to the
edge of the disk; on the E. to Hainzel and Capuanus; on the S.E. to the
Mare Nubium ; on the N. to Alphonse ; on the N.W, to the Mare Nectaris,
and to the W, 50 as to cover nearly the entire south-western quadrant.

They are only visible when the sun’s rays fall upon the region of Tycho
at an incidence greater than 25°, and the more perpendicularly the rays fall
upon it, the more fully developed the phenomena will be. They are, theré-
fore, only seen in their splendour, as represented in Plate JIL, when the
moon is full. As the moon moves from opposition to the last quarter, the
streaks therefore gradually disappear, and the shadows of the mountain
formations are at the same time gradually brought into view, so that the
aspect of the moon undergoes 2 complete transformation. This change may
be very well exhibited by holding the Plate IIL before a window to which
the back of the observer is turned. He will then sce the phenomena as they
are presented on the full moon. Let him then turn slowly upon his heel
until his face is presented to the window, holding the paper between his eyes
and the light. The Plate I1. will then be seen by means of the transparency
of the paper, and it will gradually become more and more distinctly apparent
as he turns more directly towards the light.*

Although the mountain formations generally disappear under the splen-
dour of these radiating streaks, some few, as will be perceived on Plate II1.,
continue to be visible through them.

None of the numerous sclenographic observers have proposed any satis-
factory explanation of these phenomena, which are exhibited nearly in the
same manner around the other ring mountains above named. Schriter
supposed them to be mountains, an hypothesis overturned by the observa-
tions gince made with more powerful instruments. Herschel, the elder,
suggested the idea of streams of lava; Cassini imagined they might be
clouds; and others even suggested the possibility of their being roads!
Miidler imagines that these ring mountains may have been among the firss
selenological formations; and, consequently, the points to which all the

* This ingenious expedient is suggested by Midler. It must be remem-
bered, however, that, while Plate IL represents the region as it appears in a
telescope which inverts, Plate IIL represents it as if it were reflected in a
mirror, or a8 it would be seen with a telescope having a prismatic eye-
piece,
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gases evolved in the formation of our satellitc would have been attracted.
These emanations produced effects, such as vitrification or oxydation, which
modificd the reflective powers of the surface. 'We must, however, dismiss
these conjecturcs, however ingenious and attractive, referring those who
desire to pursue the subject to the original work.

(n) Environs of Tycho.— This region is crowded with hundreds of peaks,
crests, and craters (see Plate IL); not the least vestige of a plain can any-
where be discovered. Towards the E. and S.E, craters predominate, while
to the W, chains parallel to the ring are morc numerous, On the 8. the
mountains are thickly scattered in confused masses. At a distance of 15 to
25 miles craters and small ring mountains are seen, few being circular, but
all approaching to that form. All are surrounded by steep ramparts.

(0) Wilhelm I.—This is a considerable ring mountain S.E. of Tycho.
The altitude of its castern parapet is 10,000 feet, that of its western being
only 6,000. Its crest is studded with penks; and craters of various magni-
tudes, heights, and depths, surrounding it in great numbers, and giving &
varied appearance to the adjacent region,

(p) Longomontanus.— A large circular range, having n dinmeter of 80
miles, enclosing a plain of great depth. The castern and western ridges
rise to the height of 12,000 to 13,000 fect above the level of the enclosed
plain, Its shadow sometimes falls upon and cenceals the numereus craters
and promontories which lie near it. The whole sarrounding region is savage
and rugged in the highest degree, and must, according to Miidler, have
resulted from a long succession of convulsions, The principal, and ap-
parently original, crater has given way in course of time to a series of new
and less violent cruptions. All these smaller formations are visible on
the full moon, but not the principal range, which then disappears, though its
place may still be ascertained by its known position in relation to Tycho.

(9) Maginus.— This range N.W. of Tycho (sce Plate I.) has the appear-
ance of a vast and wild ruin. The wide plain enclosed by it lics in deep
shade even when the sun has risen to the meridian, Its general height is
18,000 fecet, A broad elevated base connects the numberless peaks, terraces,
and groups of hills constituting this range, and small craters are numerous
among these wild and confused masses. The central peak A is a low but
well-defined hill, close to which is a crater-like depression, and other less
considerable hills, :

(r) Analogy to terrestrial volcanocs more apparent than real— enlarged view
of Gassendi. — The volcanic character observed in the selenographic forma~
tions loses much of its analogy to’ like formations on the carth’s surface
when higher magnifying powers enable us to examine the details of what
appear to be craters, and to compare their dimensions with even the most
extensive terrestrial craters. Numerous examples may be produced to illus-
trate this. We have scen that Tycho, which, viewed under a moderate
magnifying power, appears to possess in so eminent 8 degree the volcanic
character, is, in fact, a circular chain enclosing an area upwards of fiity
miles in diameter. Gassendi, another system of like form, and of still more
stupendous dimensions, is delincated in fig. 1. Plate IV., as scen with high
magnifying powers, This remarkable object consists of two enormous cir-
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cular chains of mountains, the lesser, which lies to the north, measuring
16} miles in diameter, and the greater, lying to the’ south, enclosing
an area 60 miles in diameter. The aren enclosed by the former is
therefore 214, and by the latter 2,827 square miles. The height of the
lesser chain is about 10,000 feet, while that of the greater varies from 3,500
to 5,000 feet. The vast area thus enclosed by the greater chain includcs, at
or near its centre, & principal central mountain, having cight peaks and an
height of 2,000 fect, while scattered over the surrounding enclosure up-
wards of a hundred mountains of less considerable elevation have been
counted.

It is easy to see how little analogy to a texrestrial volcanic crater is pre
sented by these characters.

The preceding selections, combined with the charts, Plates I.,
1L, II1.,and IV., will serve to show the general physical character
of the lunar surface, and the elaborate accuracy with which it
has been submitted to telescopic examination. In the work
of Beer and Midler a table of the heights of above 1000 moun-
tains is given, several of which attain to an elevation of 23,000
feet, equal to that of the highest summits of terrestrial moun-
tains, while the diameter of the moon is little more than half
that of the earth.

2491, Observations of Herschel.— Sir John Herschel says,
that among the lunar mountains may be observed in its highest
perfection the true volcanic character, as seen in the crater of
Vesuvius and elsewhere ; but with the remarkable peculiarity
that the bottoms of many of the craters are very deeply de-
pressed below the general surface of the moon, the internal depth
being in many cases two or three times the external height,
In some cases, he thinks, decisive marks of volcanic stratifica-
tion, arising from a succession of deposits of ejected matter, and
evident indications of currents of lava streaming outwards in
all directions, may be clearly traced with powerful telescopes,

2492, Observations of the Earl of Rosse.— By means of the
great reflecting telescope of Lord Rosse, the flat bottom of the
crater called Albategnius is distinctly seen to be strewed with
blocks, not visible with less powerful instruments; while the
exterior of another (Aristillus) is intersected with deep gullies
radiating from its centre.

2493. Supposed influence of the moon on the weather.—
Among the many influences which the moon is supposed, by the
world in general, to exercise upon our globe, one of those, which
has been most universally believed, in all ages and in all



210 ASTRONOMY.

countries, is that which it is presumed to exert upon the changes
of the weather. Although the particular details of this influence
are sometimes pretended to be described, the only general prin-
ciple, or rule, which prevails with the world in general is, that
a change of weather may be looked for at the epochs of new
and full moon : that is to say, if the weather be previously fair
it will become foul, and if foul will become fair. Similar changes
are also, sometimes, though not so confidently, looked for at the
epochs of the quarters.

A question of this kind may be regarded either as a question
of science, or a question of fact.

If it be regarded as a question of science, we are called upon
to explain how and by what property of matter, or what law
of nature or attraction, the moon, at a distance of a quarter of
a million of miles, combining its effects with the sun, at four
hundred times that distance, can produce those alleged changes.
To this it may be readily answered that no known law or prin-
ciple has hitherto explained any such phenomena. The moon
and sun must, doubtless, affect the ocean of air which surrounds
the globe, as they affect the ocean of water — producing effects
analogous to tides; but when the quantity of such an effect is
estimated, it is proved to be such as could by no“means account
for the meteorological changes here adverted to.

But in conducting investigations of this kind we proceed
altogether in the wrong direction, and begin at tbe wrong end,
when we commence with the investigation of the physical cause
of the supposed phenomena. Our first business is carefully
and accurately to observe the phenomena of the changes of the
weather, and then to put them in juxtaposition with the con-
temporaneous changes of the lunar phases. If there be any
discoverable correspondence, it then becomes a question of
physics to assign its cause.

Such a course of observation has been made in various ob-
servatories with all the rigour and exactitude necessary in such
an inquiry, and has been continued over periods of time so
extended, as to efface all conceivable effects of accidental irre-
gularities.

‘We can imagine, placed in two parallel columns, in juxta-
position, the series of epochs of the new and full moons, and
the quarters, and the corresponding conditions of the weather
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at these times, for fifty or one hundred years back, so that we
may be enabled to examine, as a mere matter of fact, the
conditions of the weather for one thousand or twelve hundred
full and new moons and quarters.

From such a mode of observation and inquiry, it has resulted
conclusively that the popular notions concerning the influence of
the lunar phases on the weather have no foundation in theory,
and no correspondence with observed facts. That the moon,
by her gravitation, exerts an attraction on our atmosphere cannot
be doubted ; but the effects which that attraction would produce
upon the weather .are not in accordance with observed pheno-
mena ; and, therefore, these effects are either too small in amount
to be appreciable in the actual state of meteorological instru-
ments, or they are obliterated by other more powerful causes,
from which hitherto they have not been eliminated. It appears,
however, by some series of observations, not yet confirmed or
continued through a sufficient period of time, that a slight cor-
respondence may be discovered between the periods of rain and
the phases of the moon, indicating a very feeble influence, de-
pending on the relative position of that luminary to the sun,
but having no discoverable relation to the lunar attraction. This
is not without interest as a subject of scientific inquiry, and is
entitled to the attention of meteorologists; but its influence is
so feeble that it is altogether destitute of popular interest as a
weather prognostic. It may, therefore, be stated that, as far as
observation combined with theory has afforded any means of
knowledge, there are no grounds for the prognostications of
weather erroneously supposed to be derived from the influence
of the sun and moon.

Those who are impressed with the feeling that an opinion so
universally entertained even in countries remote from each other,
as that which presumes an influence of the moon over the
changes of the weather, will do well to remember that against
that opinion we have not here opposed mere theory. Nay, wehave
abandoned for the occasion the support that science might afford,
and the light it might shed on the negative of this question,
and have dealt with it as a mere question of fact. It matters
little, so far as this question is concerned, in what manner the
moon and sun may produce an effect on the weather, nor even
whether they be active causes in producing such effect at all.
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The point, and the only point of importance, is, whether, regarded
as a mere matter of fact,any correspondence between the changes
of the moon and those of the weather exists? And a short ex-
amination of the recorded facts proves-that 1T DOES NOT.

2494. Other supposed lunar influences.— But meteorolo-
gical phenomena are not the only effects imputed to our satellite;
that body, like comets, is made responsible for a vast variety of
interferences with organised nature. The circulation of the
juices of vegetables, the qualities of grain, the fate of the vintage,
are all laid to its account ; and timber must be felled, the harvest
cut down and gathered in, and the juice of the grape expressed,
at times and under circumstances regulated by the aspects of
the moon, if excellence be hoped for in these products of
the soil.

According to popular belief, our satellite also presides over
human maladies; and the phenomena of the sick chamber are
governed by the lunar phases; nay, the very marrow of our
bones, and the weight of our bodies, suffer increase or diminu-
tion by its influence. Nor is its imputed power confined to
physical or organic effects; it notoriously governs mental de-
rangement.

If these opinions respecting lunar influences were limited to
particular countries, they would be less entitled to serious con-
sideration ; but it is a curious fact that many of them prevail
and have prevailed in quarters of the earth so distant and
unconnected, that it is difficult to imagine the same error to have
proceeded from the same source,

Our limits, and the objects to which this volume is directed,
render it impossible here to notice more than a few of the prin-
cipal pbysical and physiological influences imputed to the moon ;
nor even with respect to these can we do more than indicate the
kind of examination to which they have been submitted, and the
couclusions which bave been deduced from it.

2493, The red moon.—Gardeners give the name of Red
Moon to that moon which is full between the middle of April
and the close of May. According to them the light of the moon
at that season exercises an injurious influence upon the young
shoots of plants. They say that when the sky is clear the leaves
and buds exposed to the lunar light redden and are killed as if
by frost, at & time when the thermometer exposed to the atmo-
sphere stands at many degrees above the freezing point. They
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say also that if a clouded sky intercepts the moon’s light it pre-
vents these injurious consequences to the plants, although the
circumstances of temperature are the same in both cases.
Nothing is more easy than the explanation of these effects. The
leaves and flowers of plants are strong and powerful radiators
of heat; when the sky is clear they therefore lose temperature
and may be frozen ; if, on the other hand, the sky be clouded,
their temperature is maintained for the reasons above stated.

The moon, therefore, has no connection whatever with this
effcet, and it is certain that plants would suffer under the same
circumstances whether the moon is above or below the horizon.
It equally is quite true that if the moon be above the horizon,
the plants cannot suffer unless it be visible; because a clear sky
is indispensable as much to the produection of the injury to the
plants as to the visibility of the moon; and, on the other hand,
the same clouds which veil the moon and intercept her light
give back to the plants that warmth which prevents the injury
here adverted to. The popular opinion is therefore right as to
the effect, but wrong as to the cause; and its error will be at
once discovered by showing that on a clear night, when the
moon is new, and, therefore, not visible, the plants may never-
theless suffer.

2496. Supposed influence on timber-— An opinion is gene-
rally entertained that timber should be felled only during the
decline of the moon; for if it be cut down during its increase,
it will not be of a good and durable quality. This impression
prevails in various countries. Ts is acted upon in England,
and is made the ground of legislation in France. The forest
laws of the latter country interdict the cutting of timber during
the increase of the moon. The same opinion prevails in Brazil.
Signor Francisco Pinto, an eminent agriculturist in the province
of Espirito Santo, affirmed, as the result of his experience,
that the wood which was not felled at the full of the moon was
immediately attacked by worms and very soon rotted. In
the extensive forests of Germany, the same opinion is enter-
tained and acted upon. M. Dubamel Monceav, a celebrated
French agriculturist, has made direct and positive experiments
for the purpose of testing this question; and has clearly and
conclusively shown that the qualities of timber felled in differe: t
parts of the lunar month are the same.

2497, Supposed lunar influence on vegetables.— It is an
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aphorism received by all gardeners and agriculturists in Europe,
that vegetables, plants, and trees, which are expected to flourish
and grow with vigour, should be planted, grafted, and pruned,
during the increase of the moon. 'This opinion is altogether
erroneous. The increase or decrease of the moon has no appre-
ciable influence on the phenomena of vegetation; and the
experiments and observations of several French agriculturists,
and especially of M. Duhamel du Monceau (already alluded to)
have clearly established this.

2498. Supposed lunar influence on wine-making. — It is a
maxim of wine-growers, that wine which has been made in two
moons is never of a good quality, and cannot be clear.

To this we need only answer, that the moon’s rays do not
affect the temperature of the air to the extent of one thousandth
part of a degree of the thermometer, and that the difference of
temperatures of any two neighbouring places in which the pro-
cess of making the wine of the same soil and vintage might be
conducted, may be a thousand times greater”at any given
moment of time, and yet no one ever imagines that such a cir-
cumstance can affect the quality of the wine.

2499. Supposed lunar influence on the complexion.—1It is
a prevalent popular notion in some parts of Europe, that the
moon’s light is attended with the effect of darkening the com-
plexion.

That light has an effect upon the colour of material substances
is a fact well known in physics and in the arts. The process
of bleaching by exposure to the sun is an obvious example
of this class of facts. Vegetables and flowers which grow in a
situation excluded from the light of the sun are different in
colour from those which have been exposed to its influence.
The most striking instance, however, of the effect of certain
rays of solar light in blackening a light coloured substance, is
afforded by chloride of silver, which is a white substance, but
which immediately becomes black when acted upon by the rays
near the red extremity of the spectrum. This substance, how-
ever, highly susceptible as it is of having its colour affected by
light, is, nevertheless, found not to be changed in any sensible
degree when exposed {o the light of the moon, even when that
light is condensed by the most powerful burning lenses. It
would seem, therefore, that as far as any analogy can be derived
from the qualities of this substance, the popular impression of
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the influence of the moon’s rays in blackening the skin receives
no support.

2500, Supposed lunar influence on putrefaction. — Pliny
and Plutarch have transmitted it as a maxim, that the light of
the moon facilitates the putrefaction of animal substances, and
covers them with moisture. The same opinion prevails in the
West Indies, and in South America. An impression is preva-
lent, also, that certain kinds of fruit exposed to moonlight lose
their flavour and become soft and flabby ; and that if & wounded
mule be exposed to the light of the moon during the night, the
wound will be irritated, and frequently become incurable.

Such effects, if real, may be explained upon the same prin-
ciples as those by which we have already explained the effects
imputed to the red moon. Animal substances exposed to a clear
sky at night, are liable to receive a deposition of dew, which
humidity has a tendency to accelerate putrefaction. But this
effect will be produced if the sky be clear, whether the moon be
-above the horizon or not. The moon, therefore, in this case, is
a witness and not an agent; and we must acquit her of the
misdeeds imputed to her. .

Supposed lunar influence on shell-fish. — 1t is a very
anciedt remark, that oysters and other shell-fish become larger
during the increase than during the decline of the moon. This
maxim is mentioned by the poet Lucilius, by Aulus Gellius, and
others; and the members of the academy del Cimento appear
to have tacitly admitted it, since they endeavour to give an
explanation of it. The fact, however, has been carefully
examined by Rohault, who has compared shell-fish taken at all
periods of the lunar month, and found that they exhibit no
difference of quality.

2501. Supposed lunar influence on the marrow of animals,—
An opinion is prevalent among butchers that the marrow found
in the bones of animals varies in quantity according to the phase
of the moon in which they are slaughtered. This question has
also been examined by Rohault, who made a series of observa-
tions which were continued for twenty years with a view to
test it ; and the result was that it was proved completely desti-
tute of foundation.

2502. Supposed lunar influence on the weight of the human
body. — Sanctorius, whose name is celebrated in physics for the
invention of the thermometer, held it as a principle that a
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healthy man gained two pounds weight at the beginning of
every lunar month, which he lost toward its completion. This
opinion appears to be founded on experiments made upon him-
self; and affords another instance of a fortuitous coincidence
hastily generalised. The error would have been corrected if
he had continued his observations a sufficient length of time,

2503. Supposed lunar influence on births.— 1t is a preva-
lent opinion that births occur more frequently in the decline of
the moon than in her increase. This opinion has been tested
by comparing the number of births with the periods of the
lunar phases ; but the attention directed to statistics, as well in
this country as abroad, will soon lead to the decision of this
question.*

2504. Supposed lunar influence on incubation.—Tt is a
maxim handed down by Pliny, that eggs should be put to cover
when the moon is new. In France it is & maxim generally
adopted, that the fowls are better and more successfully reared
when they break the shell at the full of the moon. The expe-
riments and observations of M. Girou de Buzarcingues have
given countenance to this opinion. DBut such observations re-
quire to be multiplied before the maxim can be considered as
established. M. Girou inclines to the opinion that during the
dark nights about new moon the hens sit so undisturbed that
they either kill their young or check their development by too
much heat ; while in moonlight nights, being more restless,
this effect is not produced.

2505, Supposed lunar influence on mental derangement and
other human maladies. — The influence on the phenomena of
human maladies imputed to the moon is very ancient. Hippo-
crates had so strong a faith iu the influence of celestial objects
upon animated beings, that he expressly recommends no physi-
cian to be trusted who is ignorant of astronomy. Galen, fol-
lowing Hippocrates, maintained the same opinion, especially of
the influence of the moon. Hence in diseases the lunar periods
were said to correspond with the succession of the sufferings of
the patients. The critical days or erises (as they were afterward
called), were the seventh, fourteenth, and twenty-first of the
disease, corresponding to the intervals between the moon’s prin-

* Other sexual phenomens, such as the period of gestation, vulgarly sup-
posed to have some refation to the lunar month, have no relation whatever
to that period.
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cipal phases. While the doctrine of alchymists prevailed, the
human body was considered as a microcosm ; the heart repre-
senting the sun, the brain the moon. The planets had each its
proper influence : Jupiter presided over the lungs, Mars over
the liver, Saturn over the spleen, Venus over the kidneys, and
Mercury over the organs of generation. Of these grotesque
notions_there is now no relic, except the term lunacy, which
still designates unsoundness of mind. But even this term may
in some degree be said to be banished from the terminology of
medicine, and it has taken refuge in that receptacle of all anti-
uated absurdities of phraseology — the law. Lunatic, we be-
lieve, is still the term for the subject who is incapable of ma-
naging his own affairs. ’
Although the ancient faith in the connection between the
phases of the moon and the phenomena of insanity appears in a
great degree to be abandoned, yet it is not altogether without
its votaries ; nor have we been able to ascertain that any series
of observations conducted on scientific principles, has ever been
made on the phenomena of insanity, with a view to disprove
this connection. We have even met with intelligent and well-
educated physicians who still maintain that the paroxysms of

" insane patients are more violent when the moon is full than at
" other times.

2506. Fxamples produced by Faber and Ramazzini. — Ma-
thiolus Faber gives an instance of a maniac who, at the very
moment of an eclipse of the moon, became furious, seized upon
a sword, and fell upon every one around him. Ramazzini re-
lates that, in the epidemic fever which spread over Italy in the
year 1693, patients died in an unusual number on the 21st of
January, at the moment of & lunar eclipse.

Without disputing this fact (to ascertain which, however, it
would be necessary to have statistical returns of the daily
deaths), it may be objected that the patients who thus died in
such numbers at the moment . of the eclipse, might have had
‘heir imaginations highly excited, and their fears wrought upon
by the approach of that event, if popular opinion invested it
vith danger. That such an impression was not unlikely to
wevail is evident from the frcts which have been recorded.

At no very distant period from that time, in August, 1654,
t is related that patients in considerable nuwbers were, by
wder of the physicians, shut up in chambers well closed,

I, L
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warmed, and perfumed, with a view to escape the injurious in-

fluence of the solar eclipse, which happened at that time ; and

such was the consternation of persons of all classes, that the |
numbers who flocked to confession were so great that the eccle-

siasties found it impossible to administer thatrite. An amusing

anecdote is related of a village curate near Paris, who, with a

view to ease the minds of his flock, and to gain the necessary

time to get through his business, seriously assured them that

the eclipse was postponed for a fortnight.

2507. Examples of Vallisnieri and Bacon.— Two of the
most remarkable examples recorded, of the supposed influenge
of the moon on the human body, are those of Vallisnieri and |
Bacon. Vallisnieri declares that, being at Padua, recovermg‘
from a tedious illness, he suﬂ‘eled on the 12th of May, 1706,1
during the eclipse of the sun, unusual weakness and shivering. |
Lunar eclipses never happened without making Bacon faint; aud
he did not recover his senses till the moon recovered her light.

That these two striking examples shiould be admitted in plOOf
of tha existence of lunar 1nﬂuence, it would be necessary, says
BM. Arago, to establish the fact, that feeblenecss and pusilla-
nimity of character are never connected with high qualities of
mind.

2508. Supposed influence on cutaneous affections.— Me-
nuret considered that cutaneous maladies had a manifest con-
nection with the lunar phases. He says that he bimself observed,
in the year 1760, a patient afflicted with a scald head (teigne)]
who, during the decline of the moon, suffered from a gradual
increase of the malady, which continued until the epoch of the
new moon, when it had covered the face and breast, and pro-
duced insufferable itching. As the moon increased, these
symptoms disappeared by degrees; the face became free from
the eruption; but the same effects were reproduced after the
full of the moon. These periods of the disease continued for
three months. ’

Menuret also stated that he witnessed a similar correspond-
ence between the lunar phases and the distemper of the itch;
but the circumstances were the reverse of those in the former
case; the malady attaining its maximum at the full of the
moon, and its minimum at the new moon.

Without disputing the accuracy of these statements, or;
throwing any suspicion on the good faith of the physician wh»
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has made them, we may observe that such facts prove nothing
except the fortuitous coincidence. If the relation of cause and
effect had existed between the lunar phases and the phenomena
of these distempers the same cause would have continued to
produce the same effect in like circumstances; and we should
not be left to depend for the proof of lunar influence on the
statements of isolated cases, occurring under the observation of
a physician who was himself a believer.

2509. Remarkable case adduced by Hoffman. — Maurice
Hoffman relates a case which came under his own practice, of
-a young woman, the daughter of an epileptic patient. The ab-
domen of this girl became inflated every month as the moon
increased, and regularly resumed its natural form with the de-
cline of the moon.

Now if this statement of Hoffman were accompanied by all
the necessary details, and if, also, we were assured that this
strange effect continued to be produced for any considerable
length of time, the relation of cause and effect between the
phases of the moon and the malady of the girl could not legiti-
mately be denied; but receiving the statement in so vague a
form, and not being assured that the effect continued to be pro-
duced beyond a few months, the legitimate conclusion at which
we must arrive is, that this is another example of fortuitous
coincidence, and may be classed with the fulfilment of dreams,
prodigies, &c., &ec.

2510. Cases of nervous diseases.— As may naturally be ex-
pected, nervous diseases are those which have presented the
most frequent indications of a relation with the lunar phases.
The celebrated Mead was a strong believer, not only in the
lunar influence, but in the influence of all the heavenly bodies
on all the human. He cites the case of a child who always went
into convulsions at the moment of full moon. Pyson, another
believer, cites another case of a paralytic patient whose disease
was brought on by the new moon. Menuret records the case
of an epileptic patient whose fits returned with the full moon.
The transactions of learned societies abound with examples of
-giddiness, malignant fever, somnambulism, &c., having in their
paroxysms more or less corresponded with the lunar phases.
Gall states, as a matter having fallen under his own observa-
tion, that patients suffering under weakness of intellect had two
periods in the month of peculiar excitement; and, in a work

L2
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published in London so recently as 1829, we are assured that
these epochs are between the new and full moon.

2511. Observations of Dr.Olbers on insane patients.— Against
all these instances of the supposed effect of lunar influence, we
have little direct proof to offer. To establish a negative is not
easy. Yet it were to be wished that in some of oux great asy-
lums for insane patients, a register should be preserved of the
exact times of the access of all the remarkable paroxysms; a
subsequent comparison of this with the age of the moon at the
time of their occurrence would furnish the ground for legitimate
and safe conclusions. We are not aware of any scientific phy-
sicinn who has expressly directed his attention. to this question,
except Dr. Olbers of Bremen, celebrated for his discovery of
the planets Pallas and Vesta. He states that, in the course of a
long medical practice, he was never able to discover the slight-
est trace of any connection between the phenomena of disease
and the phases of the moon.

2512. Influence not to be hastily rejected. — In the spirit of
true philosophy, M. Arago, nevertheless, recommends caution
in deciding against this influence. The nervous system, says
he, is in many instances an instrument infinitely more delicate
than the most subtle apparatus of modern physics. Who does
not know that the olfactory nerves inform us of the presence of
odoriferous matter in air, the traces of which the most refined
physical analysis would fail to detect? The mechanism of the
eye is highly affected by that lunar light which, even condensed
with all the power of the largest burning lenses, fails to affect
by its heat the most susceptible thermometers, or by its che-
mical influence, the chloride of silver; yet a small portion of
this light introduced through a pin-hole will be sufficient to
produce an instantaneous contraction of the pupil ; nevertheless
the integuments of this membrane, so sensible to light, appear
to be completely inert when otherwise affected. The pupil re-
mains unmoved, whether we scrape it with the point of a needle,
moisten it with liquid acids, or impart to its surface electric
sparks. The retina itself, which sympathises with the pupil, is
insensible to the influence of the most active mechanical agents.
Phenomena so mysterious should teach us with what reserve we
should reason on analogies drawn from experiments made upon
inanimate substances, to the far different and more difficult case
of organised matter endowed with life.
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CIIAP. X,
THE FIDES AND TRADE WINDs.

2313. Correspondence between the recurrence of the tides
and the divrnal appearance of the moon.— The phenomena of
the tides of the ocean are too remarkable not to have attracted
notice at an early period in the progress of knowledge. The
intervals between the epochs of high and low water everywhere
corresponding with the intervals between the passage of the
moon over the meridian above and below the horizon, suggested
naturally the physical connection between these two effects, and
indicated the probability of the cause of the tides being found in
the motion of the moon.

2514. Erroneous notions of the lunar influence.—There are
few subjects in physical science about which more erroneous
notions prevail among those who are but a little informed.
A common idea is, that the attraction of the moon draws the
waters of the earth toward that side of the globe on which it
happens to be placed, and that consequently they are heaped
up on that side, so that the oceans and seas acquire there a
greater depth than elsewhere; and that high water will thus
take place under, or nearly under, the moon. But this does
not correspond with the fact. High water is not produced merely
under the moon, but is equally produced upon those parts most
removed from the moon. Suppose a meridian of the earth so
selected, that if it were continued beyond the earth, its plane
would pass through the moon ; we find that, subject to certain
modifications, a great tidal wave, or what is called kigh water,
will be formed on both sides of this meridian; that is to say,
on the side next the moon, and on the side remote from the
moon. As the moon moves, these two great tidal-waves follow
her. They are of course separated from each other by half the
circumference of the globe. As the globe revolves with its
diurnal motion upon its axis, every part of its surface passes
successively under these tidal waves; and at all such parts, as

they pass under them, there is the phenomenon of high water,
L 3
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Hence it is that in all places there are two tides daily, having
an interval of about twelve hours between them. Now, if the
common notion of the cause of the tides were well founded,
there would be only one tide daily—viz., that which would take
place when the moon is at or near the meridian.

2515. The moon’s attraction alone will not explain the tides.
—'That the moon’s attraction upon the earth simply considered
would not explain the tides is easily shown. Let us suppose
that the whole mass of matter on the earth, including the waters
which partially cover it, were attracted equally by the moon ;
they would then be equally drawn toward that body, and no
reason would exist why they should be heaped up under the
moon ; for if they were drawn with the same force as that with
which the solid globe of the earth under them is drawn, there
would be no reason for supposing that thé waters would have a
greater tendency to collect toward the moon than the solid
bottom of the ocean on which they rest. In short, the whole
mass of the earth, solid and flnid, being drawn with the same
force, would equally tend toward the moon ; and its parts, whe-
ther solid or fluid, would preserve among themselves the same
relative position as if they were not attracted at all.

25816. Tides caused by the difference of the altractions on
different parts of the earth.— When we observe, however,
in a mass composed of various particles of matter, that the
relative arrangement of these particles is disturbed, some being
driven in certain directions more than others, the inference is,
that the component parts of such a mass must be placed under
the operation of different forces; those which tend more than
others in & certain direction being driven with a proportionally
greater force, Such is the case with the earth, placed under
the attraction of the moon. And this is, in fact, what must
happen under the operation of an attractive force like that of
gravitation, which diminishes in its intensity as the square of
the distance increases.

Let A, B, G, D, E, ¥, G, H, fig.727., represent the globe of
the earth, and, to simplify the explanation, let us first suppose
the entire surface of the glohe to be covered with water. Let
M, the moon, be placed at the distance mm from the nearest
point of the surface of the earth. Now it will be appavent that
the various points of the earth’s surface are at different dis-
tances from the moon M. A and G are more remote than 1;
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BF still more remote; ¢ and E more distant again, and p more
remote than all. The attraction which the moon exercises at

Fig. 727.

¥ is, therefore, greater than that which it exercises at Aand g,
and still greater than that which it produces at B and ¥; and
the attraction which it exercises at D is least of all. Now this
attraction equally affects matter in evely state and condition.
It affects the particles of fluid as well as solid matter ; but there
is this difference, that where it acts upon solid matter, the com-
ponent parts of which are at different distances from it, and
therefore subject fo different attractions, it will not disturb the
relative arrangement, since such disturbances or disarrange-
ments are prevented by the cohesion which characterises a solid
body ; but this is not the case with fluids, the particles of which
are mobile. )

The attraction which the moon exercises upon the shell of
water, which is collected immediately under it near the point z,
ig greater than that which it exercises upon the solid mass of
the globe; consequently there will be a greater tendency of this
attraction to draw the fluid which rests upon the surface at m
toward the moon, than to draw the solid mass of the earth which
is more distant.

As the fluid, by its nature, is free to obey this excess of at-
traction, it will necessarily heap itself up in a pile or wave over
H, forming a convex protuberance, as represented between r
and . Thus high water will take place at B, immediately
under the moon. The water which thus collects at & will ne-
cessarily flow from the regions B and ¥, where therefore there
will be a diminished quantity in the same proportion.

But let us now consider what happens to that part of the
earth . Here the waters, being more remote from the moon

than the solid mass of the earth under them, will be less at-
L4



224 ASTRONOMY.

tracted, and consequently will have a less tendency to gravitate
toward the moon. 'The solid mass of the earth, pH, will, as it
were, recede from the waters at 2, in virtue of the excess of
attraction, leaving these waters behind it, which will thus be
heaped up at 7, so as to form a convex protuberance between /
and %, similar exactly to that which we have already described
betweenr and & As the difference between the attraction of
the moon on the waters at z and the solid earth under the waters
is nearly the same as the difference between its attraction on
the latter and upon the waters at #, it follows that the height
of the fluid protuberances at z and 7z are equal. In other
words, the height of the tides on opposite sides of the earth,
the one being under the moon and the other most remote from
it, are equal.

It appears, therefore, that the cause of the tides, so far asthe
action of the moon is concerned, is not, as is vulgarly supposed,
the mere attraction of the moon ; since, if that attraction were
equul on all the component parts of the earth, there would as-
suredly be no tides. We are to look for the cause, not in the
attraction of the moon, but in the inequality of its attraction
on different parts of the earth, The greater this inequality is,
the greater will be the tides. Hence, as the moon is subject to
a slight variation of distance from the earth, it will follow, that
when it is at its least distance, or at the point called perigee,
the tides will be greatest; and when it is at the greatest dis-
tance, or at the point called apogee, the tides will be least;
not because the entire attraction of the moon in the former
case is greater than in the latter, but because the diameter of
the globe bearing a greater proportion to the lesser distance
than the greater, there will be a greater inequality of attraction.

2517, Effects of sun’s attraction.—1It will occur to those
who bestow on these observations a little reflection, that all
which we have stated in reference to the effects produced by
the attraction of the moon upon the earth, will also be applica-
ble to the attraction of the sun. This is undoubtedly true; but
in the case of the sun the effects are modified -in some very
important respects. The sun is at 400 times a greater distance
than the moon, and the actual amount of its attraction on the
earth would, on that account, be 160,000 times less than that
of the moon ; but the mass of the sun exceeds that of the moon
in a much greater ratio than that of 160,000 to 1. It there-
fore possesses a much greater attracting power in virtue of its
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mass, compared with the moon, than it loses by its greater dis-
tance. It exercises, therefore, upon the earth an attraction
enormously greater than the moon exercises. Now, if the simple
amount of its attraction were, as is commonly supposed, the
cause of the tides, the sun ought to produce a vastly greater
tide than the moon. The reverse is, however, the case, and the
cause is easily explained. Let it be remembered that the tides
are due solely to the inequality of the attraction on different
sides of the earth, and the greater that inequality is, the greater
will be the tides, and the less that inequality is, the less will be
the tides.

In the case of the sun, the total distance is 12,000 diameters
of the earth, and consequently the difference between its dis-
tances from the one side and the other of the earth will be only
the 12,000th part of the whole distance, while in the case of
the moon, the total distance being only 30 diameters of the
earth, the difference of the distances from one side and the other
is the 30th part of the whole distance. The inequality of the
attraction, upon which alone, and not on its whole amount, the
production of the tidal wave depends, is therefore much greater
in the case of the moon. According to Newton’s calculation,
the-tidal wave due to the moon is greater in height than that
due to the sun in the ratio of 58 to 23, or 2} to 1 very nearly.

2518. Cause of spring and neap tides. — There is, therefore,
a solar as well as a lunar tide wave, the former being much less
elevated than the latter, and each following the luminary from
which it takes its name. When the sun and moon, there-
fore, are either on the same side of the earth, or on the opposite
sides of the earth—in other words, when it is new or full mocon—
their effects in producing tides are combined, and the spring
tide is produced, the height of which is equal to the solar and
lunar tides taken together.

On the other hand, when the sun and moon are separated
from each other by a distance of one fourth of the heavens, that
is, when the moon is in the quarters, the effect of the solar tide
has a tendency to diminish that of the lunar tide.

The tides produced by the combination of the lunar and solar
tide waves at the time of new and full moon are called sPriNG
TIDES 5 and those produced by the lunar wave diminished by the
effect of the solar wave at the quarters are called NEAP TIDES,

2519. Why the tides are not produced directly under the

rd
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moon. — If physical effects followed immediately, without any
appreciable interval of time, the operation of their causes, then
the tidal wave produced by the moon would be on the meridian
of the earth directly under and opposite to that luminary; and
the same would be true of the solar tides. But the waters of
the globe have, in common with all other matter, the property
of inertia, and it takes a certain interval of time to impress upon
them a certain change of position. Hence it follows that the
tidal wave produced by the moon is not formed immediately
under that body, but follows it at a certain distance. In conse-
quence of this, the tide raised by the moon does not take place
for two or three hours after the moon passes the meridian ; and
as the action of the sun is still more feeble, there is a still
greater interval between the transit of the sun and occurrence
of the solar tide.

2520. Priming and lagging of the tides.— But besides
these circumstances, the tide is affected by other causes. It i
not to the separate effect of either of these bodies, but to the
combined effect of both, that the effects are due; and at every
period of the month, the time of actual high water is either ac
celerated or retarded by the sun. In the fifst and third quar-
ters of the moon, the solar tide is westward of the lunar one;
and, consequently, the actual high water, which is the result ol
the combination of the two waves, will be to the westward of
the place it would have if the moon acted alone, and the time
of high water will therefore be accelerated. In the second and
fourth quarters the general effect of the sun is, for a simila
reason, to produce a retardation in the time of high water. Thi¢
effect, produced by the sun and moon combined, is what is com-
monly called the priming and lagging of the tides. The highes!
spring tides occur when the moon passes the meridian about az
hour after the sun; for then the maximum effect of the twc
bodies coincides.

2521. Researches of Whewell and Lubbock. — The subject of
the tides has of late years received much attention from several
scientific investigators in Europe. The discussions held at the
annual meetings of the British Association for the Advancement
of Science, on this subject, bave led to the development of much
useful information. The labours of Professor Whewell have
been especially valuable on these questions. Sir John Lubbock
has also published a valuable treatise upon it. To trace the

.results of these investigations in all the details which would
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render them clear and intelligible, would greatly transcend the
necessary limits of this volume. We shall, however, briefly
advert to a few of the most remarkable points connected with
these questions.

2522. Vulgar and corrected establishment.— The apparent
time of high water at any port in the afternoon of the day of
new-or full moon, is what is usually called the establishment of
the port. Professor Whewell calls this the vulgar establishment,
and he calls the corrected establishment the mean of all the in-
tervals of the tides and transit of half a month. This corrected
establishment is consequently the luni-tidal interval correspond-
ing to the day on which the moon passes the meridian at noon
or midnight.

2523. Diurnal inequality. — The two tides immediately fol-
lowing one another, or the tides of the day and night, vary, both
in height and time of high water at any particular place, with
the distance of the sun and inoon from the equator. As the
vertex of the tide wave always tends to place itself vertically
under the luminary which produces it, it is evident that of two
consecutive tides that which happens when the moon is nearest
the zenith or nadir will be greater than the other; and, conse-
quently, when the moon’s declination is of the same denomina-
tion as the Iatitude of the place, the tide which corresponds to
the upper transit will be greater than the oppesite one, and vice
versi, the difference being greatest when the sun and moon
are in opposition, and in opposite tropics. This is called the
DIURNAL INEQUALITY, because its cycle is one day ; but it varies
greatly at different places, and its laws, which appear to be
governed by local circumstances, are very imperfectly known.

2524. Local effects of the land upon the tides.— We have
now described the principal phenomena that would take place
were the earth a sphere, and covered entirely with a fluid of
uniform depth. But the actual phenomena of the tides are
infinitely more complicated. From the interruption of the land,
and the irregular form and depth of the ocean, combined with
many other disturbing circumstances, among which are the
inertia of the waters, the friction on the bottom and sides, the
narrowness and length of the channels, the action of the wind,
currents, difference of atmospheric pressure, &c., &c., great
variation takes place in the mean times and heights of high
water at places differently situated.

L6
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2525. Velocity of tidal wave.— In the open ocean the crest
of tide travels with enormous velocity. If the whole surface
were uniformly covered with water, the summit of the tide
wave, being mainly governed by the moon, would everywhere
follow the moon’s transit at the same interval of time, and con-
sequently travel round the earth in a little more than twenty-
four hours. But the circumference of the earth at the’equator
being about 25,000 miles, the velocity of propagation would
therefore be about 1,000 miles per hour. The actual velocity
is, perhaps, nowhere equal to this, and is very different at
different places. In latitude 60° south, where there is no
interruption from land (excepting the narrow promontory of
Patagonia), the tide wave will complete a revolution in a lunar
day, and consequently travel at the rate of 670 miles an hour.
On examining Mr. Whewell’s map of cotidal lines, it will be seen
that the great tide wave from the Southern Ocean travels from
the Cape of Good Hope to the Azores in about twelve hours,
and from the Azores to the southernmost part of Ireland in
about three hours more. In the Atlantic, the hourly velocity
in some cases appears to be 10° latitude, or mear 700 miles,
which is almost equal to the velocity of sound through the air.
From the south point of Ireland to the north poinf of Scotland,
the time is eight hours, and the velocity about 160 miles an
hour along the shore. On the eastern coast of Britain, and in
shallower water, the velocity is less. From Buchanness to
Sunderland it is about 60 miles an hour; from Scarborough to
Cromer, 35 miles; from the North Foreland to London, 30
miles; from London to Richmond, 13 miles an hour in that
part of the river. (Whewell, Phil. Trans. 1833 and 1336.)
It is scarcely necessary to remind the reader that the above
velocities refer to the transmission of the undulation, and are
entlrely different from the velocity of the current to which the
tide gives rise in shallow water.

2526. Range of the tides. — The difference of level between
high and low water is affected by various causes, but chiefly by
the configuration of the land, and is very different at different
places. In deep inbends of the shore, open in the direction of
the tide wave and gradually contracting like a funnel, the con-
vergence of water causes a very great increase of the range.
Hence the very high tides in the Bristol Channel, the Bay of St.
Malo, and the Bay of Fundy, where the tide is said to rise some-
times to the height of one hundred feet. Promontories, under
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certain circumstances, exert an opposite influence, and diminish
the magnitude of the tide. The observed ranges are alao very
anomalous. At certain places on the south-east coast of Ire-
land, the range is not more than three feet, while at a little dis-
tance on each side it becomes twelve or thirteen feet; and it is
remarkable that these low tides occur directly opposite the
Bristol Channel, where (at Chepstow) the difference between
high and low water amounts to sixty feet. In the middle of
the Pacific it amounts to only two or three feet. At the London
Docks, the average range is about 22 feet; at Liverpool, 155
feet; at Portsmouth, 123 feet ; at Plymouth, also 125 feet; at
Bristol, 33 feet.

2527, Tides affected by the atmosphere. — Besides the nu-
merous causes of irregularity depending on the lvcal circum-
stances, the tides are also affected by the state of the atmosphere.
At Brest, the height of high water varies inversely as the height
of the barometer, and rises more than eight inches for a fall of
about half an inch of the barometer. At Liverpool, a fall of one-
tenth of an inch in the barometer corresponds to a rise in the
river Mersey of about an inch ; and at the London Docks, a fall
of one-tenth of an inch corresponds to a rise in the Thames of
about seven-tenths of an inch. With a low barometer, there-
fore, the tide may be expected to be high, and vice versé. The
tide is also liable to be disturbed by winds. SirJohn Lubbock
states that, in the violent hurricane of January 8. 1839, there
was no tide at Gainsborough, which is twenty-five miles up the
{Irent — a circumstance unknown before. At Saltmarsh, only
five miles up the Quse from the Humber, the tide went on ebb-
ing, and never flowed until the river was dry in some places;
while at Ostend, toward which the wind was blowing, contrary
effects were observed. During strong north-westerly gales the
tide marks high water earlier in the Thames than otherwise,
and does not give so much water, while the ebb tide runs out
late, and marks lower ; but upon the gales abating and weather
moderating, the tides put in and rise much higher, while they
also run longer before high water is marked, and with more
velocity of current: nor do they run out so long or so low.

2528. The trade winds.—The great atmospheric currents thus
denominated, from the ndvantages which navigation has derived
from them, as well as other currents arising from the same
causes, are produced by the unequal exposure of the atmeos-
pheric ocean, which coats the terrestial globe, to the action of
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solar heat ; the expansion and contraction that air, in common
with all gaseous bodies, suffers from increase and diminution of
temperature ; the tendency which lighter fluids have to rise
through heavier ; and, in fine, the rotation of the earth upon its
axis.

The regions in which the TRADES prevail are two great tropi-
cal belts extending through a certain limited number of degrees
north and south of the line, but not prevailing on the line itself,
the atmospherical character of which is an almost constant calm.
The permanent currents blow in the northern tropical belt from
the north-east, and in the southern from the south-east.

On the other hand, in the higher latitudes of both hemi-
spheres the prevalent atmospheric currents are directed from
west to ecast, redressing, as it were, the disturbance produced by
the trades.

To understand the cause of these phenomena, it is necessary
to remember that the sun, never departing more than 233° from
the celestial equator, is vertical daily to different points around
the tropical regions, the rotation of the earth bringing these
points successively under his disk. The sun, at noon, for places
within the tropies, is never so much as 231° from the zenith.
The intertropical zone from these causes becomes much more
intensely heated upon its surface than the parts of either hemi-
sphere at higher latitudes. This heat, reflected and radiated
upon the incumbent atmosphere, causes it to expand and become
specifically lighter, and it ascends as smoke and heated air do
in a chimney. The space it deserts is filled by colder and
therefore heavier air, which rushes in from the higher parts of
either hemisphere ; while the air thus displaced, raised by its
buoyancy above its due level, and unsustained by any lateral
pressure, flows down towards either pole, and, being cooled
in its course and rendered heavier, it descends to the surface of
the globe at those upper latitudes from which the air had been
sucked in towards the line by its previouns ascent.

A constant circulation and an interchange of atmosphere
between the intertropical and extratropical regions of the
earth would thus take place, the air ascending from the inter-
tropical surface and then flowing towards the extratropical
regions, where it descends to the surface to be again sucked
towarda the line.

But in this view of the effects, the rotation of the earth on its
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axis is not considered. In that rotation the atmosphere par-
ticipates. The air which rises from the intertropical surfaces
carries with it the velocity of that surface, which is at the rate
of about 1,000 miles an hour from west to east. This velocity it
retains to a considerable extent after it has passed to the higher
latitudes and descended to the surface, whick moving with much
less velocity from west to east, there is an effective current pro-
duced in that direction equivalent to the excess of the eastward
motion of the air over the eastward motion of the surface of the
earth. Hence arises the prevalent westward winds, especially
at sea, where causes of local disturbance are not frequent, which
are so familiar, and one of the effects of which has been, that,
while the average length of the trip of good sailing vessels from
New York to Liverpool has been only twenty days, that of the
trip from Liverpool to New York has been thirty-five days.

By the friction'of the earth and other causes, the air, however,
next the surface, at length acquires a common velocity with it,
and when it is, as above described, sucked towards the line to
fill the vacuum produced by the air drawn upwards by the solar
heat, it carries with it the motion from west to east which it
had, in common with the surface, at the higher latitudes. But
the surface 'at the line has a much greater velocity than this
from west to east. The surface, therefore, and all objects upon
it, are carried against the air with the relative velocity of the
surface and the air, that is to say, with the effect of the difference
of their velocities. Since the surface, and the objects upon it,
are carried eastward at a much less rate than the air which
has just descended from the higher latitudes, they will strike
against the air with a force proportional to the difference of
their velocities, and this force will have a direction contrary to
that of the motion of the surface, that is to say, from east to west.

But it must be considered that this eastward force, due to the
motion of the earth’s surface, is combined with the force with
which the air moves from the extratropical regions towards the
line, Thus, in the northern hemisphere, the force eastward is
combiped with the motion of the air from north to south, and
the resultant of these forces is that north-east current which
actually prevails; while, for like reasons, south of the line, the
motion of the air from south to north, being combined with the
force eastward, produces the south-eastern current which pre-
vails south of the line.
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Were any considerable mass of air, as Sir J. Herschet
observes, to be suddenly transferred from beyond the tropics: to
the equator, the difference of the rotatory velocities proper to
the two situations would be so great, as to produce, not merely
a wind, but a tempest of the most destructive violence; and the
same observation would be equally applicable to masses of air
transported in the contrary direction. But this is not the case;
the advance of the air is gradual, and all the while the earth is
continually acting on the air, and by the friction of its surface
accelerating or retarding its velocity. Supposing its progress
to cease at any point, this cause would almost immediately com-
municate to it the deficient or deprive it of the excessive motion
of rotation, after which it would revolve quietly with the earth
and be at relative rest. 'We have only to call to mind the com-
parative thinness of the coating of air with which the globe is
invested (2323) and its immense mass, exceeding, as it does,
the weight of the atmosphere at least 100,000,000 times, to ap-
preciate the absolute command of any extent of territory of the
earth over the atmosphere immediately incumbent upon it.

It appears, therefore, that these currents, as they approach
the equator on the one side and the other, must gradually lose
their force; their exciting cause being the difference of the
magnitude of the parallels of latitude ; and this difference being
evanescent near the line, and very inconsiderable within many
degrees of it, the equalising force of the earth above described
is allowed to take full effect : but, besides this, the currents
directed from the two poles encounter each other at the line,
and destroy each other’s force. Hence arises the prevalence of
those calms which characterise the line.

CHAP. XI.
THE SUN,

2329, Apparent and real magnitude.— Owing to the ellip-
ticity of the earth’s orbit, the distance of the sun is subject to a
periodical variation, which causes, as has been already explained,
a corresponding variation in its apparent magnitude, Its
greatest apparent diameter, when in perihelion, is 32/ 35”6, or
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1955”6, and its least apparent magnitude, when in aphelion, is
31” 30", or 1890”. Its mean appavent diameter is therefore
1923,

It has been already (2457) shown that the linear value of 1”
at the sun’s distance is 466 miles. It follows, therefore, that
the actual length of the diameter of the globe of the sun is

1923 x 466 = 896,118 miles.

The real magnitude of the sun may also be easily inferred in
round numbers from that of the moon. The apparent diameter
of the moon being equal in round numbers to that of the sun,
and the distance of the sun being 400 times greater than that
of the moon, it follows that the real diameter of the sun must be"
400 times greater than that of the moon. It must, therefore, be

2153 x 400 = 861,200 miles.

By methods of calculation susceptible of closer approximation
than these, it has been found that the magnitude is 882,000
miles, or 1117 times the diameter of the earth.

2530. Magnritude of the sun illustrated. — Magnitudes such
as that of the sun so far transcend all standards with which the
mind is familiar, that some stretch of imagination, and some
effort of the understanding, are necessary to form a conception,
lowever imperfect, of them. The expedient which best serves
to obtain some adequate idea of them is, to compare them with
some standard, stupendous by comparison with all ordinary
nlagnitudes, yet minute when compared with them.

The earth itself is a globe 8000 miles in diameter. If the
sun be represented by a globe nine feet four inches in diameter,
the earth would be represented by a globe an inch in diameter.
If the orbit of the moon, which measures 474,000 miles in
diameter, were filled by a sun, such a sun might be placed
within the actual sun, leaving between their surfaces a distance
of 200,000 miles. Such a sun, seen from the earth, would bave
an apparent diameter little more than half the diameter of the
actual sun.

2581. Surface and volume.,— Since the surfaces of globes
are as the squares, and their volumes as the cubes, of their
diameters, it follows that the surface of the sun must be 12,500
times, and its volume 1,400,000 times, greater than those of the
earth.
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Thus, to form a globe like the sun it would be mecessary to
roll nearly fourteen hundred thousand globes like the earth
into one.

It is found, by considering the bulks of the different planets,
that if all the planets and satellites in the solar system were
moulded into a single globe, that globe would still not exceed
" the five-hundredth part the globe of the sun: in other words,
the bulk of the sun is five hundred times greater than the aggre-
gate bulk of all the rest of the bodies of the system. '

2532. Its mass and density.— By methods of calculation and
observation, which will be explained hereafier, the ratio of the
mass of matter composing the globe of the sun, to the mass of
matter composing the earth, has been ascertained to be 354,936
to 1.

By comparing this proportion of the quantities of ponderable
matter in the sun and earth with their relative volumes, it will
be evident that the mean density of the matter composing the
sun must be about four times less than the mean density of the
matter composing the earth; for although the volume of the
sun exceeds that of the earth in the ratio of 1,400,000 to 1, its
weight or mass exceeds that of the earth in the lesser ratio of
355,000 to 1, the latter ratio being four times'less than the
former. Bulk for bulk, therefore, the sun is four times lighter
than the earth.

Since the mean density of the earth is 567 times that of
water (2393), it follows that the mean density of the sun is1 42
times, or about one half, greater than that of water.

From the comparative lightness of the matter composing it,
Herschel infers the probability that an intense heat prevails in
its interior, by which its elasticity is reinforced, and, rendered
capable of resisting the almost inconceivable pressure due to
its intrinsic gravitation, without collapsing into smaller di-
mensions.

2533. Form and rotation — axis of rotation.—- Although to
minds unaccustomed to the rigour of scientific research, it might
appear sufficiently evident, without further demonstration, that
the sun is globular in its form, yet the more exact methods
pursued in the investigation of physics demand that we should
find more conclusive proof of the sphericity of the solar orb than
the mere fact that the disk of the sun is always circular. It is
barely possible, however improbable, that a flat circular disk of
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matter, the face of which should always be presented to the
carth, might be the form of the sun; and indeed there are a
great variety of other forms which, by a particular arrangement
of their motions, might present to the eye a circular appear-
ance as well as a globe or sphere. To prove, then, that a body
is globular, something more is necessary than the mere fact that
it always appears circular.

When a telescope is directed to the sun, we discover upon it
certain marks or spots, of which we shall speak more fuily pre-
sently. We observe that these marks, while they preserve the
same relative position with respect to each other, move regularly
from one side of the sun to the other. They disappear, and
continue to be invisible for a certain time, come into view again
on the other-side, and so once more pass over the sun’s disk.
This is an effect which would evidently be produced by marks
on the surface of a globe, the globe itself revolving on an axis,
and carrying these marks upon it. That this is the case, is
abundantly proved by the fact that the periods ef rotation for
all these marks are found to be exactly the same, viz., about
twenty-five days and a quarter, or more exactly 254 Th- 48m-
Such is, then, the time of rotation of the sun upon its axis,
and that it is a globe remains no longer doubtful, since a globe
is the only body which, while it revolves with a motion of ro-
tation, would always present the circular appearance to the eye,
The axis on which the sun revolves is very nearly perpendi-
cular to the plane of the carth’s orbit, and the motion of retation
is in the same direction as the motion of the planets round the
sun, that is to say, from west to east.

2534. Spots.—One of the earliest fruits of the invention of
the telescope was the discovery of the spots upon the sun; and
the examination of these has gradually led to some knowledge
of the physical constitution of the centre of attraction and the
common fountain of light and heat of our system.

When we submit a solar spot to telescopic examination, we
discover its appearance to be that of an intensely black irregu-~
larly shaped patch, edged with a penumbral fringe. When
watched for a considerable time, it is found to undergo a gradual
change in its form and magnitude; at first increasing gradually
in size, until it attain some definite limit of magnitude, when it
ceases to increase, and soon begins, on the contrary, to diminish;
and its diminution goes on gradually, until at length, the bright
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sides closing in upon the dark patch, it dwindles first to a mere
point, and finally disappears altogether. The period which
elapses between the formation of the spot, its gradual enlarge-
ment, subsequent diminution, and final disappearance, is very
various. Some spots appear and disappear very rapidly, while
others have lasted for weeks and even for months.

The magnitude of the spots, and the velocities with which
the matter composing their edges and fringes moves, as they
increase and decrease, are on a scale proportionate to the
dimensions of the orb of the sun itself. When it is considered
that a space upon the sun’s disk, the apparent breadth of which
is only a minute, actually measures (2457)

466 X 60 = 27,960 miles,

and that spots have been frequently observed, the apparent
length and breadth of which have exceeded 2/, the stupendous
magnitude of the regions they occupy may be easily conceived.

The velocity with which the luminous matter at the edges of
the spots occasionally moves, during the gradual increase or
diminution of the spot, has been in some cases found to be
enormous. A spot, the apparent breadth of which was 90",
was observed by Mayer to close in about 40 days. Now, the
actual linear dimensions of such a spot must have been

466 X 90 = 41,940 miles,

and consequently, the average daily motion of the matter com-
posing its edges must have been 1050 miles, & velocity equi-
valent to 44 miles an hour.

2535. Cause of the spots—physical state of the sun’s sur-
Jace.— Two, and only two, suppositions have been proposed to
explain the spots. One supposes them to be scoriw, or dark
scales of incombustible matter, floating on the general surface
of the sun. The other supposes them to be excavations in the
luminous matter which coats the sun, the dark part of the spot
being a part of the solid non-luminous nucleus of the sun. In
this latter hypothesis it is assumed that the sun is a solid non-
luminous globe, covered with a coating of a certain thickness
of luminous matter.

That the spots are excavations, and not mere black patches
on the surface, is proved by the following observations: If we
gelect a spot which is at the centre of the sun’s disk, having
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some definite form, such as that of a circle, and watch its
changes of appearance, when, by the rotation of the sun, it is
carried toward the edge, we find, first, that the circle becomes
an oval. This, however, is what would be expected, even if
the spot were a circular patch, inasmuch as a circle seen
obliquely is foreshortened into an oval. But we find that as
the spot moves toward the side of the sun’s limb, the black
patch gradually disappears, the penumbral fringe on the inside
of the spot becomes invisible, while the penumbral fringe on the
outside of the spot increases in apparent breadth, so that when
the spot approaches the edge of the sun, the only part that is
visible is the external penumbral fringe. Now, this is exactly
what would occur if the spot were an excavation. The pen-
umbral fringe is produced by the shelving of the sides of the
excavation, sloping down to its dark bottom. As the spot is
carried toward the edge of the sun, the height of the inner
side is interposed between the eye and the bottom of the exca-
vation, so as to conceal the latter from view. The surface of
the inner shelving side also taking the direction of the line of
vision or very nearly, diminishes in apparent breadth, and
teases to be visible, while the surface of the shelving side next
the edge of the sun becoming nearly perpendicular to the line
of vision, appears of its full breadth.

In short, all the variations of appearance which the spots
undergo, as they are carried round by the rotation of the sum,
changing their distances and positions with regard to the sun’s
centre, are exactly such as would be produced by an excavation,
and not at all such as a dark patch on the solar surface would
undergo.

2536. Sun invested by two atmospheres, one luminous and
the other nor-luminous.— It may be considered then as proved,
that the spots on the sun are excavations ; and that the apparent
blackness is produced by the fact that the part constituting the
dark portion of the spot is either a surface totally destitute of
light, or by comparison so much less luminous than the general
surface of the sun as to appear black. This fact, combined
with the appearance of the penumbral edges of the spots, has
led to the supposition, edvanced by Sir W. Herschel, which ap-
pears scarcely to admit of doubt, that the solid, opaque nucleus,
or globe of the sun, is invested with at leust two atmospheres,
that which is next the sun being, like our own, non-luminous, and
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and the superior one being that alone in which light and heat are
evolved ; at all events, whether these strata be in the gaseous
state or not, the existence of two such, one placed above the other,
the superior one being luminous, seems to be exempt from doubt.

2537. Spots may not be black.— We are not warranted in
assuming that the black portion of the spots are surfaces really
deprived of light, for the most intense artificial lights which
can be produced, such, for example, as that of a piece’of quick-
lime exposed to the action of the compound blow-pipe, when
seen projected on the sun’s disk, appear as dark as the spots
themselves; an effect which must be ascribed to the infinitely
superior splendour of the sun’s light. All that can be legiti-
mately inferred respecting the spots, then, is, not that they are
destitute of light, but that they are incomparably less brilliant
than the general surface of the sun.

2538. Spots variable.— The prevalence of spots on the sun's
disk is both variable and irregular. Sometimes the disk will
be completely divested of them, and will continue so for weeks
or months ; sometimes they will be spread over certain parts
of it in profusion. Sometimes the spots will be small, but
numerous ; sometimes individual spots will appear of vast
extent ; sometimes they will be manifested m groups, the
penumbrz or fringes being in contact.

The duration of each spot is also subject to great and
irregular variation. A spot has appeared and vanished in less
than twenty-four hours, while some have maintained their
appearance and position for nine or ten weeks, or during nearly
three complete revolutions of the sun upon its axis.

A large spot has sometimes been observed suddenly to
crumble into a great number of small ones.

2539. Prevail generally in two parallel zones.— The only
circumstance of regularity which can be said to attend these
remarkable phenomena is their position upon the sun. They
are invariably confined to two moderately broad zones parallel
to the solar equator, separated from it by a space several
degrees in breadth. The equator itself, and this space which
thus separates the macular zones, are absolutely divested of
such phenomena.

Thus, for example, in the latter part of 1836 and the
beginning of 1837, when a large number of spots became
apparent, their position was such as is represented in fg. 728,
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where EQ represents the sun’s equator, and mm’' n n' the
northern; and p p’ ¢ ¢' the southern macular zones.
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Fig. 728.

2540. Observations and drawings of M. Capocci.—The as-
tronomers who have within the last quarter of a century made
the most important contributions, by their observations and
researches, to this subject, are M. Capocci, of Naples, Dr.
Pastorff, of Frankfort (on the Oder), and Sir John Herschel.

M. Capocei made a series of observations on the spots which
were developed on the sun’s disk in 1826, when he recognised
most of the characters above described. He observed that,
during the increase of the spot from its first appearance as a
dark point, the edges were sharply defined, without any in-
dication of the gradually fading away of the fringes into the
dark central spot, or into each other; a character which was
again observed by Sir J. Herschel, in 1837. He found, however,
that the same character was not maintained when the sides
began to contract and the spots to diminish: during that
process the edges were less strongly defined, being npparently
covered by a sort of luminous atmosphere, which often extended
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so completely across the dark nucleus as to throw a thin thread
of light across it, after which the spot soon filled up and dis-
appeared. Capocei concurs with Sir W. Herschel in regarding
the internal fringes surrounding the dark nucleus as the section
of the inferior stratum of the atmosphere which forms the
coating of the sun ; he nevertheless thinks that there are indi-
cations of solid as well as gaseous luminous matter.

Capocei also observed veins of more intensely luminous
matter on the fringes converging towards the nucleus of the
spot, which he compares to the structure of the iris surrounding
the pupil of the eye.

The drawings of the spots observed by M. Capocci, given in
Plate V., will illustrate these observations. It is to be re-
gretted, however, that he has not given any measures, either in
his memoirs or upon his drawings, by which the position or
magnitude of the spots can be determined.

2541, Observations and drawings of Dr. Pastorff, in 1826.—
Dr. Pastorff commenced his course of solar observations as early
as 1819, He observed the spots which appeared in 1826, of
which he published a series of drawings, from which we have
sclected those given in Plate VI. from observations made in Sep-
tember and October, contemporaneously with those of M. Ca-
pocci.  Pastorff gives the position of all, and the dimensions of
the principal spots. The numbers on the horizontal and vertical
lines express the apparent distances of the spots severally from
the limb of the sun in each direction. The actual dimensions
may be estimated by observing that 1’ measured at right angles
to the visual ray represents 466 miles,

2542. Observations and drawings of Pastorff, in 1828.—1In
May and June, 1828, a profusion of spots were developed,
which were observed and delineated by Pastorfl with the most
elaborate accuracy.

In Plate VIL fig. 1. represents the positions of the spots as
they appeared on the disk of the sun on the 24th of May, at
10 A.m. and figs. 2, 3, 4, and 5, represent their forms and
magnitudes, The letters A, B, ¢, p, in fig. 1. give the positions of
the spots marked by the same letters in figs. 2, 3,4, and 5.

The dimensions of the principal spot of the group A were
stupendous ; measured in & plane at right angles to the visual
line, the length was 466 x 100 = 46,600 miles, and the breadth
466 x 60 = 27,960 miles,
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The apparent breadth of the black bottom of the spot was 40”,
which corresponds to an actual breadth of 466 x 40 = 18,640
miles. So that the globe of the eftth might pass through such
o hole, leaving a distance of upwards of 5000 miles between its
surface and the edges of the chasm.

The superficial dimensions of ‘the several groups of spots
observed on the sun on the 24th of May, at 10 A.»r, including
the shelving sides, were calculated to be as follows:—

Square Geog. Miles.

Group A, principal spot - - - 928,000,000
Ditto, smaller spots - - - - 736,000,000
Group B - - - - - 296,000,000
Group C, - - - - - 232,000,000
Group D - - - - - 304,000,000

Total area - - - 2,496,000,000

Thus it appears that the principal spot of the group a

covered a space equal to little less than five times the entire
surface of the earth; and the total area occupied by all the
spots collectively amounted to more than twelve times that
surface.
. On the days succeeding the 24th of Dlay, all the spots were
observed to change their form and magnitude from day to day.
The great spot of the group 4, which even when so close to the
limb of the sun as 5/, or a sixth of the apparent diameter, still
Ineasured 80" by 40", was especially rapid in its variation. Its
shelving sides, as well as its dark bottom, were constantly varied,
and luminous clouds were seen floating over the latter.

After the disappearance of this large spot, and several of the
lesser ones of the other groups, a new spot of considerable
magnitude made its appearance on the 13th of June, at the
eastern edge of the disk, which gradually increased in magni-
tude for eight days. On the 21st of June, at half-past 9 in the
morning, the disk of the sun exhibited the spots whose position
is represented in fig. 6. Plate VII., and whose forms and mag-
nitudes are indicated in figs. 7, 8, 9, and 10.

The chief_spot of the group A was nearly circular, and mea-
sured 64" in apparent diameter, the diameter of its dark base be-

“ing about 30", which, without allowing for projection, represent
actual lengths of 466 x 64=29,824 miles, and 466 x 30=13,980
Iiles, the former being above 34 times, and the latter nearly 13

1, M
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times the earth’s diameter. . The process of formation of this spot,
surrounded by luminous clouds, was clearly seen. The shelving
sides were traversed by Iunminous ravines or rills, converging
towards the centre of the black nucleus, and exhibiting the ap-
pearance which Capocci compared to the structure of the iris.

On the same day (the 2Ist), another large spot, B, fig. 8
appeared, which measured 60" by 40",

Pastorff rejects the supposition that these spots were. the
mere reappearances of those which had been observed on the
24th of May, since they differed essentially in their form, and
still more in their entourage.

2543. Observations of Sir J. Herschel in 1837.—Sir J.
Herschel, at the Cape of Good Hope, in 1837, observed the
spots which at that time appeared upon the sun, and has given
various drawings of them in his Cape Observations. These
diagrams do not differ in any respect in their general character
from those of Capocci and Pastorff. Sir J. Herschel recognised
on this occasion the striated or radiated appearance in the
fringes already noticed by Capocci and Pastorff. He thinks
that this structure is intimately connected with the physical
agency by which the spots are produced.

2544, Boundary of fringes distinctly defined.~1It is observed
by Sir J. Herschel that one of the most universal and striking
characters of the solar spots is, that the penumbral fringe and
black spot are distinctly defined, and do not melt gradually one
into the other. The spots are intensely black, and the penum-
bral fringe of a perfectly uniform degree of shade. In some
cases there are two nuances of fringe, one lighter than the
other; but in that case no intermixture or gradual fading
away of one into the other is apparent.  The idea conveyed,”
observes Sir J. Herschel, “ is more that of the successive with-
drawal of veils,—the partial removal of definite films,—than
the melting away of a mist or the mutual dilution of gaseous
media.” This absence of all graduation, this sharply marked
suddenness of transition, is, as Sir J. Herschel also notices, en-
tirely opposed to the idea of the easy miscibility of the lumin-
ous, non-luminous, and semi-luminous constituents of the solar
envelope.

2545. Solar facules and lucules. —Independently of the dark
spots just described, the luminous part of the solar disk is not
uniformly bright. It presents a mottled appearance, which
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may be compared to that which would be presented by the un.
dulated and agitated surface of an ocean of liquid fire, or to a
stratum of luminous clouds of varying depth and having an
unequal surface, or the appearance produced by the slow subsi-
dence of some flocculent chemical precipitates in a transparent
fluid, when looked at perpendicularly from above. Inthe space
immediately around the edges of the spots extensive spaces are
observed, also covered with strongly defined curved or branching
streaks, more intensely luminous than the other parts of the
disk, among which spots often break out. These several varie-
ties in the intensity of the brightness of the disk have been
differently designated by the terms facules and lucules. These
appearances are generally more prevalent and strongly marked
near the edges of the disk.

2546. Incandescent coating of the sun gaseous.— Various
attempts have been made to ascertain by the direct test of obser-
vation, independently of conjecture or hypothesis, the physical
state of the luminous matter which coats the globe of the sun,
whether it be solid, liquid, or gaseous.

That it is not solid is admitted to be proved conclusively by
its extraordinary mobility, as indicated by the rapid motion of
the edges of the spots in closing; and it is contended that a fluid
capable of moving at the rate of 44 miles per hour cannot be
supposed to be liquid, an elastic fluid alone admitting of such a
motion.

2547. Test of this proposed by Arago.— Arago has, however,
suggested a physical test, by which it appears to be proved that
this luminous matter must be gaseous; in short, that the sun
must be invested with an ocean of flame, since flame is nothing
more than aériform fluid in a state of incandescence (1584).
il‘his test proposed is based upon the properties of polarised

ight, .

It has been proved that the light emitted from an incandes-
cent body in the liquid or solid state, issuing in directions very
oblique to the surface, even when the body emitting it is not
smooth or polished, presents evident marks of polarisation, so
that such a body, when viewed through a polariscopic telescope,
will present two images in complementary colours (1290). But,
on ghe other hand, no signs of polarisation are discoverable,
however oblique may be the direction in which the rays are
emitted, if the luminous matter be flame.

M 2
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2548. Its result,— The light proceeding from the disk of the
sun bas been accordingly submitted to this test. The rays pro-
ceeding from its borders evidently issue in a direction as oblique
as possible to the surface, and therefore, under the condition
most favourable to polarisation, if the luminous matter were
liquid. Nevertheless, the borders of the double image produced
by the polariscope show no signs whatever of complementary
colours, both being equally white even at the very edges.

This test is only applicable to the luminous matter at or near
the edge of the disk, because it is from this only that the rays
issue with the necessary obliquity. But since the sun revolves
on its axis (2533), every part of its surface comes in succession
to the edge of the disk; and thus it follows that the light ema-
nating from every part of it is in its natural or unpolarised
state, even when issuing at the greatest obliquity ; and, conse-
quently, that the luminous matter is every where gaseous.

2549, The sun probably invested with a double gaseous coat-
ing.— All the phenomena which have been here described, and
others which our limits compel us to omit, are considered as
giving a high degree of physical probability to the hypothesis
of Sir W. Herschel already noticed, in which the sun is con-
sidered to be a solid, opaque, non-luminous globe invested by two
concentric strata of gaseous matter, the first, or that which
rests immediately on the surface, being non-luminous, and the
other, which floats upon the former, being lumirous gas or
flame. The relation and arrangement of these two fluid strata
may be illustrated by our own atmosphere, supporting upon it
a stratum of clouds. If such clouds were flame, the condition
of our atmosphere would represent the two strata on the sun.

The spots in this hypothesis are explained by occasional open-
ings in the luminous stratum by which parts of the opdque
and non-luminous surface of the solid globe are disclosed. These
partial openings may be compared to the openings in the clouds
of our sky, by which the firmament is rendered partially visible.

The apparent diameter of the sun is not, therefore, the
diameter of the solid globe, but that of the globe bounded by
the surface of the superior or luminous atmosphere; and this
circumstance may throw some light upon the small computed
mean density of the sun, since considering the high degree of
rarefaction which must be supposed to characterise these
atmospheric strata, and especially the superior one, the density
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of the solid globe will necessarily be much more considerable
than the mean density of the -volume in wilich such rarvefied
master is inclhded.

2530. A third gaseous atmosphere probable. s— Many cir-
cumstances supply indications of the existence of a gnseous
abtospherve of great extent abeve the luminous wmatter svliich
forms the visible surfrce of the sun. It is observed that the
brightness of the solav disk ds sensibly diminished towards its.
borders. ‘This effect would be produced if it were surrounded
by an imperfectly transpavent atmosphere, whereas if no such
gaseous medium surrounded it, the reverse of such an effect
might be expected, since then the thickness of the luminous
coating measured in the direction of the visual ray would be
incrensed wery rapidly in proceeding from the centre towards
the edges. Fhis gradusl diminution of brightness in pro-
ceeding towards the borders of the solar disk has been noticed
by many astronomers; but it was most elearly manifested in
the series of observations made by Sir J. Herschel in 3837, so
conclusively, indeed, as to leave no doubt whatever of its
reality on the mind of that eminent observer. By projecting
the image of the sun’s disk on white paper by means of a 'good
achromatic telescope, this diminution of light fowards the
borders, was on thal oceasion wendered so appavent, that it
appeared to him surprising that it should ever have been
questioned.

2551, Its ewistence indicated by solar eclipses. — But the
most conclusive proofs of the existence of such an external
atmosphere are supplied by certain phenomena observed on
the oceasion of total eclipses of the sun, which will be fully
explained in another chapter of this volume.

2552. Sir J. Herschel's hypothesis to explain the solar spots.
= The immediate cause of the. spots being proved to be
oceasional ruptures of ¢ontinuity in the ocean of luminous fluid
which forms the visible surface of the solar globe, it remains to
discover what physical agency can be imagined to produce
dynamicel phienomena on 4 scale so yast as that which the
changes of appearance of the spots indicate,

The regions of the spots being two zones parallel to the
solar equator, manifests a connection between these phenomena
and the sun’s rotation. ‘Fhe like zegions on the earth are the
theatres of the trade-winds and anti-teades, and of hurricanes,

3
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tornadoes, waterspouts, and other violent atmospheric dis-
turbances. On the planets, the same regions are marked by
belts, appearances which are traced by analogy to the same
physical causes as those which produce the trades and other
atmospheric perturbations prevailing in the tropical and ultra-
tropical zones. Analogy, therefore, suggests the inquiry,
whether any physical agencies can exist upon the sun similar
to those which produce these phenomena on the earth and
planets.

So far as relates to the earth it is certain, and so far as
relates to the planets probable, that the immediate physical
cause of these phenomena is the inequality of the exposure of
the earth’s surface to solar radiation, and the consequent
inequality of temperature produced in different atmospheric
zones, either by the direct or reflected calorific rays of the sun,
combined with the earth’s rotation (2528). But since the sun
is itself the common fountain of heat, supplying to all, and
receiving from none, no similar agency can prevail upon it.
It remains, therefore, to consider whether the play of the phy-
sical principles which are in operation on the sun itself, irre-
spective of any other bodies of the system, can supply un
explanation of such a local difference of temperature as, com-
bined with the sun’s rotation, would produce any special
physical effects on the macular zones by which the phenomena
of the spots might be explicable. v

The heat generated by some undiscovered agency upon the
sun is dispersed through the surrounding space by radiation.
If, as may be assumed, the rate at which this heat is generated
be the same on all parts of the sun, and if, moreover, the
radiation be equally free and unobstructed from all parts of its
surface, it is evident that an uniform temperature must be
everywhere maintained. But if, from any local cause, the
radiation be more obstructed in some regions than in others,
heat will accumulate in the former, and tl}e local temperature
will be more elevated there than where the radiation is more
free.

But the only obstruction to free radiation from the sun
must arise from the atmosphere with which to an height so
enormous it is surrounded. If, however, this atmosphere have
everywhere the same height and the same density, it will pre-
gent the same obstruction to radiation, and the effective radia-
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tion whicli takes place through it, though more feeble than that
which would be produced in its absence, is still uniform.

But since the sun has a motion of rotation on its axisin
25 7h- 48m-, its atmosphere, like that of the earth, must par-
ticipate in that motion and the effects of centrifugal force upon
matter so mobile: the equatorial zone being carried round with
a velocity greater than 300 miles per second, while the polar
zones are moved at a rate indefinitely slower, all the effects to
which the spheroidal form of the earth is due will affect this
fluid with an energy proportionate to its tenuity and mobility,
the consequence of which will be that it will assume the form of
an oblate spheroid, whose axis will be that of the sun’s rota-
tion. It will flow from the poles to the equator, and its height
over the zones contiguous to the equator will be greater than
over those contiguous to the poles, in a degree proportionate to
the ellipticity of the atmospheric spheroid.

Now, if this reasoning be admitted, it will follow that the
obstruction to radiation produced by the solur atmosphere is
greatest over the equator, and gradually decreases in proceeding
towards cither pole. The accumulation of heat, and consequent
clevation of temperature, is, therefore, greatest at the equator,
and gradually decreases towards the poles, exactly as happens
on the earth from other and different physical causes.

The effects of this inequality of temperature, combined with
the rotation, upon the solar atmosphere, will of course be similar
in their general character, and different only in degree from the
phenomena produced by the like cause on the earth. Inferior
currents will, as upon the earth, prevail towards® the equator,
and superior counter-currents towards the poles (2528). The
spots of the sun would, therefore, be assimilated to those
tropical regions of the earth in which, for the moment, hurri-
canes and tornadoes prevai