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AUTHOR’S PREFACE.

To supply the means of acquiring a competent knowledge of the
methods and results of the physical sciences, without any unusual
acquaintance with mathematics, has been the purpose of the Author
in the composition of this series of treatises. The methods of de-
monstration and illustration have been adopted with this view. It
is, however, neither possible nor desirable invariably to exclude the
use of mathematical symbols.

Some of these, expressing mere arithmetical operations 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 quantities and the laws which govern them with
greater brevity and clearness than ordinary language, to exclude the
use of them altogether would be to deprive the reader of one of
the most powerful aids to the comprehension of the lawa of nature.

Nevertheless such symbols are used sparingly, and never without
ample explanation of their signification. The principles of the
sciences are in the main developed and demonstrated in ordinary and
popular language. The series has been compiled with the view of
affording that amount of information on the several subjects com-
prised in it which is demanded by the student in law and in medi-
cine, 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 knowledge of the
genenal truths of physics, and of those laws by which the order and
stability of the material world are maintained.

Itis well known that many students who enter the Universities

m. 1 (vii)



viii PREFACE.

pass through them without aoquiring even so much as a superficial
knowledge of geometry and algebra. To all such persons mathe-
matical treatises on physics and astronomy must be sealed books.
They may, however, by these volumes acquire with great facility a
considerable acquaintance with these sciences; and although such
knowledge be not in all cases based on rigorous mathematical de-
monstration, it is founded on reasoning sufficiently satisfactory and
conclusive. _ ]

Great pains have been taken to render the present series complete
in all respects, and as nearly co-extensive with the actual state of
the sciences as the objects to which it is directed admit. Each of
the classes of readers for whose more especial use it is designed
will doubtless find in it something which, for their purpose, is su-
perfluous ; but it must be considered that the parts which are thus
superfluous for one are precisely those which are most essential for
another. It is hoped that no student will find that anything im-
portant for 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 extent obsolete, while the
increasing 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 socie-
ties and other forms of publication equally inaccessible to the
student 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 now for the first time presented
to the student in an elementary form. In cases where the subject
required for its better elucidation graphic illustrations, and where
such representations could be obtained from original and authentic
sources, they have been unsparingly supplied.

As examples of this, we may refer among the planetary objects
to the beautiful delineations of the Moon and Mars by MM. Beer
and Madler, those of Jupiter by MM. Madler and Herschel, and
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those of Satarn by MM. Dawes and Schmidt; among cometary
vbjects to the magnificent drawings of Enckés comet by Strave,
and those of Halley’s comet by MM. Struve, Maclear, and Smith ;
and among stellar objects to the splendid selection of stellar clusters
and nebulze which are reproduced from the originals of the Earl of
Rosse and Sir John Herschel. In fine, among the illustrations
now produced for the first time in an elementary work, the remark-
able drawings of solar spots by Pastorff and Capocci ought not to
be passed without notice.

To have entered into the details of the business of the observa-
tory, beyond those explanations which are necessary and sufficient
to give the reader a general notion of the processes by which the
principal astronomical data are obtained, would not have been com-
patible with the popular character and limited dimensions of such
3 treatise as the present.

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

In the composition of this part of the series, it has been the
good fortune of the author to detect several errors of considerable
importance which have been hitherto almost universally disseminated
in elementary works and under the authority of the most eminent
names. Several examples of this will be noticed by the reader,
among which we may refer more particularly to the Uranography
of Satarn, a subject which has been hitherto completely misappre-
hended, phenomena being described as manifested on that planet
which are demonstrably impossible.* The correction of other errors
less striking, though of great scientific importance, will be found in
the chapter on Perturbations, and in other parts of the treatise.

This series of elementary treatises consists of three courses, which
wre mleable separately, and are as independent each of the others as
the nature of the subject allows.

® See a Memoir, by the Author, on the Uranography of Saturn, in Vol.
IXIL of the Memoirs of the Royal Astronomical Society, London, Sept.
1853,
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The first course consists of Mechanics—Hydrostatics—Hydraulics
—Pneumatics—Sound and Optics; the second of Heat—Common
Electricity—Magnetism and Voltaic Electricity; and the third of
Meteorology and Astronomy.

The Index which is given in the present volume, and which will
be found extremely copious and useful for the puposes of general
reference, is intended to serve in common for all the three courses.
The references in it are made to the numbers of the paragraphs,
and not to those of the pages, and it will be found convenient to
observe that the first paragraph of the second course is 1304, and
that of the third 2160. The paragraphs being numbered continu-
ously throughout the three courses, it has not been necessary in the
Index to make any reference to the courses or volumes.

It will be found that this Index, combined with the analytical
Table of Contents, will give to the entire series all the usefulneas
of a compendious Encyclopsedia of Natural Philosophy and As-
tronomy.
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CHAPTER L
TERRESTRIAL HEAT.

2160. Insufficiency of thermal observations.— To ascertain the
laws which regulate the distribution of heat and the periodical vicis-
situdes of tem perature 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 obser-
vations, made not only in every part of the earth, but for a long
series of years, not to say ages. Experimental research has not yet
supplied such data. Observations on temperature made at periods
even 8o recent as those within which physical science has been culti-
vated 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 obser-
vations on terrestrial heat were accumulated in sufficient quantity,
and directed with the skill and precision indispensable to render them
the source from which the hws3 of temperature could b;;volved.

oL
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The experiments and observations of Humboldt, and the profound
theoretical researches of Fourier and Laplace, supplied at once the
pucleus of our present knowledge in this department of physics,
and gave an impulse to enquiry, by which others have been carried
forward and guided; so that if we do not yet possess all the data
which sufficiently extended and long-continued observation and ex-
periment 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 enquirers will confirm
or modify.

2161. Local variations of temperature.— The superficial tempe-
rature of the earth varies with the latitude, gradually decreasing in
proceeding from the equator towards the poles.

It also varies with the elevation of the point of observation, de-
creasing in proceeding to heights above the level of the sea, and
varying according to certain conditions below that level, but in all
cases increasing gradually for all depths below a certain stratum, at
which the temperature is invariable.

At a given latitude and a given elevation the temperature varies
with the character of the surface, according as the place of obser-
vation is on sea or land; and if on land, according to the nature,
productions, or condition of the soil, and the accidents of the surface,
such as its inclination or aspect.

2162. Diurnal thermometric period.—At a given place the tem-
perature undergoes two principal periodic variations, diurnal and
annual.

The temperature falling to a minimum at a certain moment near
sunrise, augments until it attains a maximum, at a certain moment
after the sun has passed the meridian. The temperature then gra-
dually falls until it returns to the minimum in the morning.

This diurnal thermometric period varies with the latitude, the ele-
vation of the place, the character of the surface, and with a great
variety of local conditions, which not only affect the hours of the
maximum, minimum, and mean temperatures, but also the difference
between the maximum and minimum, or the extent of the variation.

2163. Annual thermometric period. — The anuual thermometric
period also varies with the latitude, and with all the other conditions
tnat affect the thermal phenomena.

In order to be enabled to evolve the general thermal laws from
phenomena so complicated and shifting, it is above all things neces-
sary to define and ascertain those mean conditions or states, round
which the thermometric oscillations take place.

2164. The mean diurnal temperature.—This is a temperature so
taken between the extremes, that all those temperatures which are
superior to it shall exceed it by exactly as much as those which are
inferior to it shall fall short of it.
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To render this more clear, let us suppose that the temperature is
observed every second in twenty-four hours. This would give
86,400 observed temperatures. Suppose, that of these 43,000 are
above, and 43,400 below the mean temperature. If|, then, the mean
temperature be subtracted from each of those above it, and if each
of those below it be subtracted from it, the sum of the remainders
inththe one case must be equal to the sum of the remainders in the
other.

This is equivalent to stating that the mean temperature, multiplied
by 86,400, will give the same result as would be obtained by adding
together all the 86,400 observed temperatures.

But the thermometric column is not subject to such rapid changes
85 to show any observable difference of elevation from second to
second, nor even from minute to minute. If its height be observed
every hour, the mean diurnal temperature will be obtained by adding
together the twelve horary temperatures, and dividing their sum by
12. But even this is not necessary, and the same result is more
easily obtained, either by taking the sum of the temperatures at
sunrise, at 2 P. M., and at sunset, and dividing the result by 3, or
more simply still by adding together the maximum and mininum
temperatures, and taking half their sum. Whichever of these
methods be adopted, the same result very nearly will be obtained.
[The second is the method adopted at the Observatory of Paris.]

2165. The mean temperature of the month. — This is found by
ﬂviding the sum of the mean diurnal temperature by the number

days,

2166. The mean temperature of the year. — This may be found
by dividing the sum of the mean monthly temperatures by 12.

2167. Month of mean temperatire.—It is found that in each cli-
mate there is a certain month of which the mean temperature is
identieal with the mean temperature of the year, or very nearly so.
This circumstance, when the month is known, supplies an easy
method of observing the mean temperature of the year.

In the climate of Paris, this month is October.

[The mean temperature of the year may also be found by taking -
the mean of the temperatures corresponding to a single hour of the
day, which, for the latitude of Paris, is 9 o’clock, A. M.]

2168. The mean temperature of the place. — The mean annual
temperature being observed in a given place for a series of years,

comparison of these means, one with another, will show whether
the mean annual temperature is subject to variation, and, if so,
whether the variation is periodie 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 cosmi-
cl phenomens, periodic, and that the oscillations are made within
definite limita and definite intervals. There exists, therefore, for
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every place, another mean temperature superior to the annual, and
which is called the mean temperature of the place. This is obtained
by adding together the mean annual temperatures of all the years
which constitute the thermometrio 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 tem-
perature of the place may be obtained by adding together any attain-
able 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 tempe-
ratures at Paris, that the mean was 51°-44, and that the difference
between the greatest and least of the mean annual temperatures was
only 5°-4. It may therefore be assumed that 51°-44 does not differ
by so much as two-tenths of a degree from the true mean tempera-
ture of that place.

Observation, however, has been hitherto so limited, both as to
extent and duration, that this thermal character bas been determined
for a very limited number of places. Indications, nevertheless,
have been obtained sufficiently clear and satisfactory to enable Hum-
boldt 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 tempe-
rature decreases generally, but not regularly nor uniformly. At
some points it even happens that the mean temperature augments,
instead of decreasing. These irregularities are caused partly by the
varying character of the surface, over which the meridian passes, and
partly by the atmospheric effects produced by adjacent regions, and
a multitude of other causes, local and accidental. As these causes
of irregularity in the rate of decrease of the mean temperature, pro-
ceeding from the equator to the poles, are different upon different
meridians, it is evident that the points of the meridians which sur-
round the globe, at which the mean temperatures are equal, do not
lic upon a parallel of latitude, as they would if the causes which
affect the distribution of heat were free from all such irregularitiea
and accidental influences.

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

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

2170. Isothermal zones.— The space included between two iso-
thermal lines of given temperatures is called an tsothermal zone.

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

2171. The first thermal or torrid zone. — This zone is a space
surrounding the globe, included between the equator and the isother-
mal line, whose temperature is 74°.

The mean temperature of the terrestrial equator is subject to very
little variation, and it may therefore be considered as very nearly an
isotbermal line. Its mean temperature varies between the narrow
Limits of 81}° and 824°. [This mean, however, is modified by the
great extent of the equatorial seas; under the line, the continents
occupy only a sixth of the earth’s circumference. Hence, in approach-
ing the tropics, and particularly the tropic of Cancer, we must not
be surprised at finding mean temperatures which sensibly exceed that
of the terrestrial equator; at Pondicherry, for example, in lat. 11°
55’ N., the mean is 85°:28, and at Kouka, in Africa, lat. 13° 10’,
the mean is 87°:26.]

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 equa-
tor, 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 terrestrial equator at about 100°, and 160°,
east longitude. -—%t attains its greatest distances north at Jamaica,
and at a point in Central Africa, having a latitude of 15°, and east
longitade 10° or 12°. The greatest mean temperature of the ther-
mal equator is 86°.

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

2173. The second thermal zome. — This zone, which is included
between the isothermal parallels characterized by the mean tempe-
ratures of 74° and 68° is much more sinuous, and includes very
various latitudes. At the points where it intersects the meridians
of Europe, it is convex towards the north, and attains its greatest
Iatitade in Algeria.

2174. The third thermal zone.—This zone, included between the
isothermal parallels which have the mean temperatures of 68° and
59°, passes over the coasts of France upon the Mediterranean, about
the latitude 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. The fourth thermal zone.— This zone is included between
the parallels of mean temperatures 59° and 50°. It is convex to the
north in Europe, including the chief part of France, and thence falls
to the south on both sides, inoluding Pekin on the east, and Phila-

g x
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delphia, 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 eastern and western
continents which have the same latitude.

2176. The fifth thermal zone.— The fifth zone, included between
the mean temperatures of 50° and 41°, is more sinuous, and includes
latitudes more various even than the preceding. [By comparing the
mean temperatures of Fayetteville and of Copenhagen, of Quebec
and of Stockholm, of Kendal and of Berlin, we may see more and
wore the difference which exists between the climate of the Paris
meridian, and the climates to the east and west of this meridian.]

[2176.% The sixth thermal zone.— The sixth zone is included
between the mean temperatures of 41° and 82°; and it is to be re-
gretted that we do not possess in this zone several series of obser-
vations in Siberia and the north of America. These observations
would be 80 much the more interesting as they would enable us to
trace, with some precision, the limits to which vegetation extends.
However, this zone appears to be comprised between the latitudes of
60° and 70°.]

2177. The polar regions. — The circle whose area is comprised
within the isothermal parallel whose mean temperature is 32°, is
still less known. Nevertheless, the results of the observations made
by arctic voyagers within the last twenty years, afford ground for in-
ferring that the mean temperature of the pole itself must be some-
where from 13° to 36° below the zero of Fahrenheit, or 45° to 68°
below the temperature of melting ice.

2178. Climate varies on the same vsothermal 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 Pekin 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 cli-
mates 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 minimum
monthly temperatures differ but little ; variable climates are those in
which the difference between these extremes is more cousiderable,
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. Exzamples of the classification of climates.—The following
examples will illustrate this classification of climates :—
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Highest mean Lowest mean
Places. m":"o,m Monthly Tompe|Moutbly Tempe| Differenoe
o (-] (-] (-]
Funchal ...... . 68-64 75-56 62-96 12-60
London........ 50-36 66-92 41-72 25-20
Paris........... 51-08 65-30 86-14 29-16
St. Malo....... 54-14 64-40 87-76 26-64
New York..... 53-78 80-78 25-34 55-44
Pekin........... 654-86 84-38 24-62 69-76

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

2181. Climatological 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 gencral distribution
of heat through the seasons, should be stated. For this purpose we
thould have an exact record, not only of the extreme temperatures
ad the mean annual and monthly temperatures, but also the mean
diornal. The importance of such data in any climatological inquiries
will be perceived, when it is considered that a few degrees difference
in the lowest temperature will decide the question of the possibility
of certain vegetable productions continuing to live, and the differcnce
of a few degrees in the highest temperature will render it possible
o aot for certain fruits to ripen.

2182. Table of Puris temperatures. — The following table, pub-
Tahed by M. Arago, shows the extremes of the temperature of the
sz in Paris for more than a century : —

Greatest Heat. Greatest Cold.
Y. Month. Temporatare|| Year. Month. Temperature
o o
1708 | August 8. 95-5 1709 | January 13. — 96
DR | July7. 96-1 1716 “ 18 — 17
| 14 950 || 1754 “ 8. + 66
' “ 14, 94-6 || 1766 “ 8. + 39
«“ 8, 101-1 1768 o 8. + 12
“ 16. 99-1 1776 29, — 24
August 18 959 1783 | December 80. | — 2:4
“ 8. 97-6 1788 “ 3l. | — 81
s 8. 981 1795 | January 25. —10-8
July 16. 97-2 1798 | December 26. { 4 0-8
1818 24 94-1 1823 | January 14. + 69
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2183. Extreme temperature in torrid zone.—The highest tempe-
rature 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 extreme and exceptional case,
the temperature, even in this zone, rarely exceeding 120°.

2184. Extreme temperature in polar regions. — The lowest tem-

ratures 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 4 120°, the extremes
differing by 180°.

2185. The variation of temperature depending on the elevation
of the observer above the level of the sea.—Innumerable phenomena
show that the temperature of the air falls as the elevation increases.
The presence of eternal snow on the elevated 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 moun-
tains, and by means of balloons and Kkites, to ascertain the law ac-
cording to which the temperature falls as the height increases.
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 24° below zero, being the
same temperature as at the surface. At the equator Humboldt made
an extensive series of observations, the general results of which are
as follows :—

Elevation in Feet. (Mean Tempentun.; Difference.
(-] (-]
0 81 0
8,250 71 10
6,600 65 6
9,760 58 7
18,000 44 18
16,250 84 9

It appears from these observations, which were made upon the
declivities of the vast mountain ranges which traverse the equatoriai‘
regions, that the decrease of temperature is neither uniform no
regular. The rate of decrease is least between the elevation of 300Q
and 6000 feet. This is explained by the fact, that this stratum of
the atmosphere at the Line is the babitual region of clouds. It ig
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there that the vapours ascending from the surface, being more or less
condensed, absorb a large portion of the solar heat, and it is not
therefore surprising that this stratum should be cooled in a less degree
than the strata consisting of air less charged with vapour.

The observations made in temperate climates nfive results equally
irregular, Gay-Lussac found, ascending in a balloon, that the ther-
mometric 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 equatorial regions an elevation of
about 360 feet, and in our latitudes from 300 to 330 feet, corresponds
to a fall of one degree of temperature on an average, subject, how-
ever, to considerable local variation.

2185*. Elevation of the limit of perpetual snow.—It might appear
that in those elevations at which the mean temperature 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
suow. Observation nevertheless shows such an inference to be erro-
neous. 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 32° for the superficial
atmosphere, but that on the contrary, within the tropics, it is marked
by a mean temperature of about 35°, while in the northern regions,
in latitudes of from 60° to 70°, the mean temperature is 21°.

2186. Conditions which affect it. — It appears that the snow-line
is determined not so much by the mean annual temperature of the
air a3 by the temperature of the hottest month. The higher this
temperature is, the more elevated will be the limit of perpetual snow.
But the temperature of the hottest month depends on a great variety
of local conditions, such as the cloudy state of the atmosphere, the
natare of the soil, the inclination and aspect of the surface, the pre-
vailing winds, &ec.

[Other things being equal, the snow-line will be so much the
more elevated as the mass of snow itself is of less extent. A peak
of small dimensions, for example, rising in a plain to the region of
snows, will always have at its summit much warmer summer months
than an enormous mass, which, after being cooled down during the
winter, may react for a longer time on the temperate air which
envelops it in summer, and may consequently determine a more or
less considerable depression of temperature.]

2187. Table of heights of snow-line observed.—Iu the following
table are collected and arranged, the results of the most important
and accurate observations on the snow-line.
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2188. Further results of Humboldt's and Pentland’s researches.
—To these general results may -be added the following observations
of M. Humboldt* :—

1. The soow-line on the Andes does not vary more 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.

“In 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
bigher 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 increases with
the latitude.

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

%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

¢ « Notice on the Snow-line,” Ann. de Ch. et Phys. tom. xiv. p. 1.
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t0 16,000 feet, a greater elevation than upon the Line. [The ex-
plavation of this phenomenon must be sought in the 1mmenso
extent of the plateaux, and in the configuration of the surface.]

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

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

2189. Thermal phenomena below the surfuce—At a given place
the surface of the ground undergoes a periodical variation of tem-
perature, attaining a certain maximum in summer, and & minimum
in winter, and gradually, but not regularly or uniformly, augmenting
from the minimum to the maximum, and decreasing from the maxi-
mum to the minimum.

The question then arises as to whether this periodio variation of
temperature is propagated downwards through the crust of the earth,
and if ;o, whether in its descent it undergoes any and what modifi-
cations

To explain the phenomena which have been ascertained by obser-
vation, let us express the mean temperature by M, and let the maxi-
mum and minimum temperatures be T and ¢.

If we penetrate to depths more or less considerable, we shall find
that the mean temperature M of the strata will be very nearly the
mme a8 at the surface. The extreme temperatures T aud ¢, will,
however, undergo a considerable change, T decreasing, and ¢ increas-
ing. Thus the extremes gradually approach each other as the depth
increases, the mean M remaining nearly unaltered.

2190. Stratum of invariable temperature. — A certain depth
vill therefore be attained at length, when the maximum temperature
1, by its continual decrease, and the minimum temperature ¢, by its
continual jncrease, will become respectively equal to the mnean tem-
peratare 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 precisely
equal to the mean temperature at the surface. In descending M
undergoes a slight increase, and at the depth where T and ¢ becomne
equal to M, and the variation disappears, the mean temperature is a
little higher than the mean temperature of the surface.

2191. Its depth varies with the latitude.— The depth at which the
superficial vicissitudes of temperature disappear varies with the lati-
tude, with the nature of the surface, and other circumstances. In
our climates it varies from 80 to 100 feet. It diminishes in pro-
weding towards the equator, and increases towards the pole. The
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excess of the permanent temperature at this depth above the mean
temperature at the surface, increases with the latitade.

2192. Iis depth and temperature at Paris.—The same thermo-
meter which has been kept for sixty years in the vaults of the Ob-
servatory-at Paris, at the depth of eighty-eight feet below the sur-
face, has shown, during that inferva%, the temperature of 11°-82
Cent., which is equal to 53}° Fahr., without varying more than half
a degree of Fahr.; and even this variation, small as it is, has been
explained by the effects of currents of air produced by the quarrying
operations in the neighbourhood of the Observatory.

his phenomenon was first observed by Cassini, in 1671.]

193. Its form.—We must therefore infer, that within the sur-
face of the earth there exists a stratum of which the temperature is
invariable, and so placed that all strata superior to it are more or less
affected by the thermal vicissitudes of the surface, and the more so
the nearer they are to the surface, and that this stratum of invariable
temperature has an irregular form, approaching nearer to the sur-
face at some places, and receding further from it at others; the na-
ture and character of the surface, 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 varia-
tions 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 surfuce and the stratum
of tnvariable temperature. — The thermometric observations on the
periodical changes which take place above the stratum of invariable
temperature are not so numerous as could be desired; [and even
these observations generally extend only to a depth of about 25
feet :] nevertheless, the following general conditions have been as-
certained, especially in the middle latitudes of the northern hemi-
sphere : —

1. The diurnal variations of temperature are not sensible to a
greater depth than 34 feet.

R2. The mean annual temperatures of the different strata differ
little from the mean annual temperature of the air.]

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

4. Atthe depth of 25 feet, 7 —¢ = 2°. At 50 feet T—¢ = 0°-2;
and at 60 to 80 feet, T— ¢ = 0°-02.

5. 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 minimum 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
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between the times of 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 versd.

2195. Thermal phenomena below the stratum of uniform tempe-
rature—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 stra-
tum, in descending, has a characteristic temperature, which never
changes. The rate at which this temperatore augments with the
_ depth below the invariable stratum is extremely different in different
localities. In some there is an increase of ome degree for ever
thirty feet, while in others the same increase corresponds to a dept
of 100 feet. It may be assumed, in general, that an increase of one
geegrze of temperature will take place for every fifty or sixty feet of

pth.

[The existence of a sensible heat in deep mines had long attracted
the attention of observers; but there was more eagerness to explain
the facts than to observe them accurately. It was explained vari-
ously; some, as Boyle, attributed it to the decomposition of pyrites,
or rather, to a kind of fermentation to which recourse was often had
to explain embarrassing facts; others regarded it as a confirmation
or a consequence of the famous hypothesis of the central fire—an
hypothesis which had been framed in the most ancient times, and
which had been in turn adopted or rejected by philosophers. Gen-
sanne appears to be the first observer who carried the thermometer
to gradually increasing depths, and who discovered the important
fact that the temperature augments with the depth. These experi-
ments go back to 1740, and were made in the lead-mines of Giro-
magny, at three leagues from Béfort.]

2196. Temperature of springs.—The permanency of the tempe-
ratures of the inferior strata is rendered manifest by the uniformity
of the temperature of springs, of which the water rises from an
considerable depths. At all seasons of the year the water of suc
springs maintains [very nearly] the same uniform temperature; [it
attaing its maximum about the month of September, and its mini-
mum in March; the difference between these two epochs reaching
from 2° to 4°.]

It may be assumed that the [mean] 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 Iatitudes the excess of timperature is greater [from 6° to

m
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8°]; a fact which is in accordance with what has been already
explained.

It has not been certainly 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 con-
ditions besides mere depth may operate with the same permanency
and regularity.

2197. Thermal conditions of seas and lakes.— The anomalous
quality manifested in the dilatation of water when its temperature
falls below 38°8 Fahr. (1895), 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 ecffects of the most
injurious description in the cconomy 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 stratum shall
have its temperature constantly reduced, the following 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 continu-
ally equalized and rendered uniform from the surface to the bottom.
This will continue so long as the superficial stratum is rendered
heavier, 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 38°-8.
After this the system of currents upwards and downwards will cease.
The several strata will assume a state of repose. When the super
ficial stratum is reduced to a temperature lower than 38°-8 (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 manner 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
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place between stratum and stratam. If water were a good con-
ductor of heat, the cooling effect of the surface would extend down-
wards to & considerable depth. But water being, on the contrary,
an extremely imperfect conductor, the effect of the superficial tem-
perature will extend ouly to a very limited depth ; and at and below
that limit, the uniform temperature of 88°-8, that of the greatest
deosity, will be maintained.

This state of repose will continue until the superficial stratum falls
lo 32°,* after which it will be congealed. When its surface is so-
lidified, if it be still exposed to a cold lower than 32°, the tempera-
tare of the surface of the ice will continue to fall, and this reduced
temperature will be propagated downward, diminishing, however, in
degree, £0 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
ocongelation would be continued indefinitely, and it would not be
impossible that the entire mass of water from the surface to the bot-
tom, 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 to a 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.

[2197*. Temperature and congelation of rivers—In rivers, the
distribution of heat follows other laws, on account of the motion of
translation of the liquid molecules. There results from this, in fact,
a continual mixture of the upper and lower strata, which tends to
establish a uniform temperature in the whole mass. Nevertheless,
as this motion is different at the surface and at the bottom, in the
middle of the river and near the shgres, we should expect many ac-
cidental phenomena determined by these circumstances. Among
these phenomena, those of congelation alone have been observed
with any care. It has been established, by decisive experiments,
that, in certain cases, congelation commences at the surface, and
that, in other cases, on the contrary, it commences at the bottom.

When rivers are covered with floating ice, we may say, in general,
that all these blocks, which dash against each other, and conse-
&neently assume rounded or angular forms, were originally formed at

surface : some were detached from the shores; but others were,
at first, only small particles, which gained size as they floated on the
waler.

Th'e formation of the first pieces is not doubtful, since we see the
shores covered with a layer of ice which is constantly beaten and

* For sea-water the freezing point is 283°.
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broken by the waves. It is then that congelation commences, bo-
cause gencrally the water is there less deep, and because it is in con-
tact with the shore, which is constantly cooled by the air and radia-
tion. The ice which is attached thereto, is cooled in its turn by this
double cause, and becomes then, as the shore itself, a cold body, ca-
pable of chilling what touches it. The lump or even imperceptible
fragments, into which this mass is broken, float by their specific
levity : they become cooler than the water, and the drops which fall
on their borders congeal instantly.

The formation of pieces of ice at the surface, and far from the
shores and all solid bodies, has been called in question by some
physicists : and it is difficult to prove it directly, for it may be said
that the pieccs which are found there were detached from the shores
by the waves. But it must be admitted that the free surface of the
water may be indcfinitely cooled below 82°, and that thus finally,
notwithstanding the agitation, it must give birth to needles of ice
which subsequently grow on cooling, by contact of the air and radi-
ation.

The formation of ice at the very bottom of the water was long
contested ; but able observers have obtained direct proof of it, and
it remains only to seek the cause. The agitated waters of rivers
may doubtless fall several degrees below 82° without freezing;
and when the depth is not great, the whole thickness of the liquid
stratum may participate in this depression of temperature. The
solid substances at the bottom at length participate in it themselves
by their prolonged contact with the water, and the agitation at the
bottom is less than at the surface. The inequalities of the bed
form a multitude of little hollows where the water is only feebly
agitated ; and in them we may conceive congelation to take place,
and even more rapidly than at the surface.]

2198. Thermal condition of a frozen sea.—The thermal condi-
tion, therefore, of a frozen sea, is a state of molecular repose, as ab-
solute 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. Proccss 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 gradunlly 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 interchan
by currents, and a consequent equalization of temperature, will take
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place, and this will continue until the superficial stratum attains the
temperature of 38°-8, 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, 8o long as it continues
above 38°'8, will be attended with an interchange of currents be-
tween the superficial and those inferior strata whose temperature is
above 38°-8, and a constant equalization of temperature.

2200. Depth of stratum of constant temperature tn oceans and
seas. — It appears, therefore, to result as a necessary consequence
from what has been expldined, and this inference is fully confirmed
by experiment and obeervations, 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 tempe-
rature 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
statum 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
stratam 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
1t coincides with the surface is somewhere between 55° and 60°.
Above this the temperature of the sea increases as the depth of the
sratum increases, until we sink to the stratum of invariable tempe-
nature, the depth of which at the highest latitudes (at which obser-
vations have been made) is estimated at about 4500 feet.

2201. Effect of superficial agitation of the sea extends to only a
mall depth. — It might be imagined that the temperature of the
surface would be propagated downwards, and that a thermal equal-
isation might therefore be produced by the intermixture of the supe-
rior 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
burricanes, extend to no great depth, and that while the surface of
the ocean is furrowed by waves of the greatest height and extent,
the inferior strata are in the most absolute repose.

2202. Destructive effects which would be produced if water had
%0t @ point of maximum density above its point of congelation. —
If water followed the general law, iu‘virtvne of which all bodies become
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more dense as their temperature is lowered, a continued frost might
congeal the ocean from its surface to the bottom ; and certainly would
do so in the polar regions; for in that case the system of vertieal
currents, passing upwards and downwards and producing an equaliza-
tion 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 inhabiting the waters being
destroyed. ~

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

2203. Variations of 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 zove, while the temperatare
on land suffers a diurnal variation amounting to 10°, the extreme
diurnal variation at sea does not exceed 34°. In the temperate zone
the diurnal variation at sea is limited generally to about 5§°, while
on continents it is very various and everywhere considerable. Im
different parts of Kurope it varies from 20° to 25°.

At sea as on land the time of lowest temperature is that of sun-
rise, but the time of greatest heat is about noon, while on land it is
at two or three hours after noon.

On comparing the temperature of the air at sea with the super-
ficial 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. [The temperature of the air and water was observed
every 4 hours by Captain Duperrey ; and in 1850 observations made
between 0° and 20° lat. N. and 8., during his voyage round the world,
the sea was found warmer than the air 1371 times, and the air
warmer than the sea only 479 times.]

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. It is,
on the contrary, in general at & very much lower temperature.

2204. Interchange of equatorial and polar waters.— Much un-
certainty 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, produce an interchange of waters,
which contributes in a great degree to modorate the extreme thermal
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effects of these regions, the current from the pole reducing the tem-
peratare of the equatorial waters, and that from the line raising the
temperatare 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 direction, by a multitude of
canses connected with the depth and form of the bottom, and the local
influence of winds and tides.

2205. Polar tce. — 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 observations and re-
searches of Captain Scoresby have supplied a great mass of valuakle
information in this department of physical geography.

2206. Extent and character of the ice fields. — Upon the coasts
of Spitzbergen and Greenland vast fields of ice are found, the extent
of which amounts to not less than thirty to fifty hundred square
miles, the thickness varying from twenty to twenty-five feet. Egome
of the fields of ice observed by Captain Scoresby were nearly a hun-
dred miles in length, and more than half that breadth.] The sur-
face is sometimes so even that a sledge can run without difficulty for
an hundred miles in the same direction. It is, however, in some
places, on the contrary, as uneven as the surface of land, the masses
of ice collecting in columns and eminences of a variety of forms,
rising to heights of from twenty to thirty feet, and presenting the
most striking and picturcsque appearances. These prodigious crys-
tals sometimes exhibit gorgeous tints of greenish blue, resembling
the 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 icebergs by their fracture. — These vast ice

- fields are sometimes suddenly broken, by the pressure of the sub-

jacent waters, into fragments presenting a surface of from 100 to
200 square yards. These being dispersed, are carried in various
directions by currents, and sometimes by the effect of intersccting
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
1o more resist their force than could a glass vessel the effect of a
canon ball. Terrible disasters occur from time to time from this
ause. 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
i thus that whalers are cnabled to reach the parallels from 70° to
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80°, which are the favourite resort of those monsters of the deep
which they pursue.

2208. Their forms, and magnitude.— Sometimes after such col-
lisions 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. — It happens sometimes that two such
icebergs resting on the extremities of a fragment of ice 100 or 120
feet in length, keep it sunk at a certain depth below the surface of
the water. A vessel in such cases may sail between the icebergs
and over the sunken ice; but such a course is attended with the
greatest danger, for if any accidental 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 Baffin’s Bay of much greater maguitude 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 appesr generally of a beautiful blue colour, and having all
the transparency of crystals. During the summer months, when
the sun in these high latitudes never sets, a superficial fusion is pro-
duced, 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 in-
tensity 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 volame to & 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 harpooned, often
plunge in their agony to the bottom, carrying with them the harpoon
and line attached to it. When they float they bear apon their bodies
evidence of having reached the bottom by the impression they re-
tain of it; and the length of line they carry with them in such cases
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shows that the depth does not exceed 3000 or 4000 feet. About the
middle of the space between Spitzbergen and Greenland the sound-
ings 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 only by a small
depth, the influence of the water in moderating and equalizing the
temperature is greatly diminished. Hence it is that the temperature
of the south polar regions is more moderate than that of the north.
Afler passing the latitude of the New Orcades and the New Shet-
lands, which form a barrier of ice, the navigator enters an open sea,
which, according to all appearance, extends to the pole. Much, how-
ever, 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 cx-
ternal 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 dissi-
pated by radiation, and would thus escape into the infinite depths of
space. The temperature of the atmosphere, and those of the suc-
cessive 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 con-
trary, the mean temperature of the globe is maintained at an inva-
riable standard, the variations incidental to season and climate being
all periodical, and producing in their ultimate result a mutual com-
pensation, it remains to be shown from what sources the heat is
derived which maintains the mean temperature 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 in-
creases. The fixed stars are bodies analogous to our sun, and at dis-
tances 8o enormous that the effect of the radiation of any individuai
star is altogether insensible. When, however, it is considered that
the multitude of these stars spread over the firmament is so prodi-
gious that in some places many thousand are crowded together within
3 gpace 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-
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fluence, due to their immense distances, is compensated to.a great
extent by their countless number; and that, consequently, their calo-
rific effects in those regions of space through which the earth

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 remains to explain
what is the actual quantity of heat thus supplied to the earth, and
what proportion of it is due to each of these causes.

2214. Quantity of heat emitted by the sun.—An elaborate series
of cxperiments were made by M. Pouillet, and concluded in 1838,
with the view of obtaining, by means independent of all bypothesis
as to the physical character of the sun, an estimate of the actual
calorific power of that luminary. A detailed report of these obser-
vations and experiments, and an elaborate 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 the con-
sequent limits of this work, to enter into the details of these re-
searches. We shall, therefore, confine ourselves here briefly to state
their results.

* When the firmament is quite unclouded, the atmosphere absorbs
about onc-fourth of the heat of those solar rays which enter it ver-
tically. 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 results from the sna-
lysis 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 omly
sixty per cent. of this heat reaches the surface. It must, however,
be observed that a part of the radiant beat, intercepted by the atmo-
sphere, raising the temperature of the ajr, is afterwards transmitted,
as well by radiation as by contact, from the atmosphere to the eartb.

By means of direct observation and experiment made with instru-
ments 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
imparted 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 im-

rted to the surface of the great circle which forms the base of that

emisphere, if the solar rays were incident perpendicularly upon it.
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2215, Solar,heat at the earth would melt a shell of ice 100 feet
thick in @ 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 encrust-
ing the globe, it would be sufficient to liquefy a depth of 100 feet
of such shell.

Since a cubic foot of ice weighs 54 lbs., 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 5400 1bs. weight of ice.

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

It is evident from the uniform calorific effects produced by the
solar rays at the earth, while the sun revolves on its axis, exposing
succeseively every side to the earth in the course of about twenty-
five days, that the calorific emanation from all parts of the solar sur-
face is the same. Assuming this, then, it will follow, that the heat
which the surface of a sphere surrounding the sun at the distance
of the earth would receive would be so many times more than the
beat 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
calcalation of this is a simple problem of elementary geometry.

But such a spherical surface surrounding the sun and concentrical
with it, would necessarily receive all the heat radiated by that lumi-
nary, and the result of the calculation proves that the quantity of
beat emitted by the sun per minute is such as would suffice to dis-
wolve a shell of ice enveloping the sun, and having a thickness of
38115? feet; and that the heat emitted per day would dissolve such a
shell, having a thickness of 55748 feet, or about 104 miles.

2217. Heat at sun’s surface seven times as inlense as that of a
bast 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
:s is issued by a square foot of the fire surface of the fiercest blast
urnace.

2218. Temperature of the celestial spaces—When the surface of
the earth during the night is exposed to an unclouded sky, an inter-
change of heat takes place by radiation. It radiates a certain part
of the heat which pervades it, and it receives, on the other hand,
the heat radiated from two sources, lst, from the strata of atmo-
sphere, extending from the surface of the earth to the summit of
the atmospheric column, and 2d, from the celestial spaces, which lie
outeide this limit, and which receive their heat from the radiation
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of the countless numbers of suns which compose the stellar universe.
M. Pouillet, by a series of ingeniously contrived experiments and
observations, made with the aid of an apparatus contrived by him,
called ar actinometer, has been enabled to obtain an approximate
estimate of the proportion of the heat received by the earth 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 net per-
mit 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 18 included between the minor limit of 315°, and the major
limit of 207° below the temperature of melting ice, or between —283°
and — 175° Fahr. At what point between these limits the real tem-
perature lies, is not yet satisfactorily ascertained, but M. Pouillet
thinks that it cannot differ much from — 224° Fahr.

2219. Heat received by earth from celestial space would mell, in
a year, esghty-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 ra-
diation of the celestial space, is such as would 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 atmosphere.

Thus the total quantity of heat received annually by the carth 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 annually than the sun, may appear strange, when the very
low temperature of these spaces is considered, a temperature 180°
lower than the cold of the pole during the presence of the sun. It
must, however, be remembered that while the space from which the
solar radiation emanates is only that part of the firmament occupied
by the disc of the sun, that from which the celestial radiation pro-
ceeds is the entire celestial sphere, the area of which is about two
hundred thousand times greater than the solar disc. It will there-
fore cease to create surprise, that the collective effect of an area so
extensive should be little short of that of the sun.

The caloric effect due to the solar radiation, according to the cal-
culations and observations of M. Pouillet, exceeds that which resulted
from the formule of Poisson. These formuls were obtained from
the consideration of the variation of the temperature of the strata
of the earth at 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 con-
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siderable, could be introduced in a more direct manner into Pois-
wo’s formulse.

2220. Summary of the thermal effects.—In fine, therefore, the
researches of M. Pouillet give the following results, which must be
reccived a3 mere approximations, subject to correction by future

on

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

1CK.

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 intor-
cepted by the atmosphere, and 10 per cent. dispersed in space.

Sth. That the heat evolved on the surface of the sun in 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 tho
fiercest blast furnace.

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

Tth. That the solar heat alone constitutes only two-thirds of the
eatire quantity of heat supplied to the earth to repair its thermal
losses by terrestrial radiation; and that without the heat supplied by
stellar radiation, the temperature of the earth would fall to a point
which would be incompatible with organic life.

CHAP. IL
THE AIR AND ATMOSPHERIC VAPOURS.

2221. Periodical changes in the atmospheric pressure. — The pe-
riodical 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 register the

ight of the barometric column four times a day, at 9 A. M., at noon,
a3 P.M.,and at 9 p. M.

The mean monthly and mean annual heights are obtained from a
eomparison of the noon observations. The diurnal period is obtained
from a comparison of the morning and afternoon observations.

2222. Mean annual height of barometer. — The mean height of
the tarometer at Paris, obtained from observations continued from:

118 5
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1816 to 1836, has been ascertained to be 29-764 inches [756==].
The mean annual height during this period did not vary so much as
twelve hundredths of an inch.

2228. Effect of winds on the barometric column. — It has been
found that the barometric column is affected by the direction and
continuance of the wind, but these effects are not the same in 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 hundredths of an inch.
Qbservations made at Metz |'afor nine years] by Schuster gave a like
result, but with a little less difference. At Marseilles, however, no
such effect has been observed, but rather a tendency 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 establish the
existence of two periods, a period of decrease from 9 A. M. to 8 P. M.,
and a period of increase from 3 P.M. to 9 .M. The mean amount
of the former, taken from eleven years’ observation at Paris, was
0:0294 in., and of the latter 0-0146 in. The decrease from 9 A. M.
to 8 p. M. 18 therefore less than the thirtieth of an inch, and the in-
crease from 3 P. M. to 9 P. M. less than the sixtieth 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 morn-
ing 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, [and of an intermediate
and variable value during the remaining six mooths of the year.]

During the night the iarometer falls from 9 P. M. to 4 A.M,, and
rises from 4 A. M. to 9 A. M., [when it attains its maximum.]

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 pavigation has produced in
every seaman an observer, profoundly interested in the discovery of
the laws which govern a 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 bas been collected respect~
ing 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 propagated by compression and rarcfaction.—Winds
are propagated either by compression or by rarefaction. In the
former case they are developed in the same direction in which they
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blow; in the latter case they are developed in the contrary direction.
To render this intelligible, let us imagive a column of air included in
s 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 toward 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 ineerted in the tube at
some distance from its mouth, to be drawn outwards toward the
mouth, the air behind it will expand into the space deserted by the
piston, and a momentary rarefaction will be produced. The next
portion of air will in like manner follow that which is next the

iston, the rarefaction which begins at the piston being propagated

wards through the tube in a 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 atmospbere. Any phzsical 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 ail 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 bas not yet been clearly ascer-
tained. In either case its sudden conversion into the liquid state,
and its consequent precipitation to the earth, leaves the space it occu-
pied in the atmosphere a vacuum, and a corresponding rarefaction of
the air previously mixed with the vapour ensues. The adjacent
strata immediately rush in to re-establish the equilibrium of pneu-
matic pressure, and winds are consequently produced.

The propagation of winds by rarefaction manifested in directions
oontrary 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 Moscow before it
reaches Abo, although the latter city is four hundred leagues west
of Moscow, and it does not reach Sweden until after it has passed
over Finland.

[Dr. Franklin appears to have been the first to observe this mode
of propagation of winds and storms. He relates, in his letters, that,
having wished to observe an eclipse of the moon at Philadelplia, he
was prevented by a north-easterly storm, which commenced about
7 dclock, p.M. He was surprised, some days after, to learn that at
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Boston, situated about 300 miles to the north-east of Philadelphia,
the storm did not commence until 11 o’clock, P. M., long after the
observation of the first phases of the eclipse; and, comparing toge-
ther the reports collected in the different colonies, he found that this
north-easterly storm was propagated for the south-west.]

2228. Hurricanes. — The intertropical regions are the theatre of
hurricanes. It is there only that these atmospheric commotions are
displayed in all their terrors. In the temperate zone 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 burricanes of the warm climates spread over a considerable
width, and extend through a still more cousiderable length. Some
are recorded which have swept over a distance of four or five hun-
dred leagues, with a nearly uniform violence.

It is only by recounting the effects produced by these vast com-
motions of the atmospheric ocean, 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 %iven 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

und. Tiles carried from the roof were projected against thick
gcr:)ra with such force as to pass through them like a cannon ball.
A plank of wood 8} 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 hug paved
road, and buried to a depth of more than three feet in it. A stron
iron gate in front of the governor's house was carried away, mﬁ
three twenty-four pounders erected on the fort were dismounted.

2229. The probable causes explained. — These effects, prodigions
as they are, all arise from mechanical causes. There is no agent
engaged in hurricanes more subtle than the mechanical force of air
in motion, and since the weight and density of the air suffer no im-
portant change, the vast momentum manifested by such effects as
those described above, must be ascribed altogether to the extraordi-
nary 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
would be produced by condensation would, at the temperature of
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enly 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 conden-
sation 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 spouts according as they are manifested at sea or on
land, consist apparently of dense masses of aqueous vapour and air,
having at once a gyratory and progressive motion, 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 attens 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 pro-
jected to great distances. Houses are oftcu 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 ex-
hibited by water spouts are repre-
sented in fig. 669.

No satisfactory theory has yet
connected these phenomena with the
general laws of physics.

2231. Evaporation from the sur-
Jace of water.—1f the surface of
a sea, lake, or other large collection
of water, were exposed to the atmo-
sphere consisting of pure air without
any admixture of vapour, evapora-
tion would immediately commence,
and the vapour developed at the sur-

Fig. 669. fice of the water would ascend into

and mix with the atmospbere. The

pressure of the atmosphere would then be the sum of the pressures

of the atmosphere, properly so called, and of the vapour suspended

in it, since neither of these elastic fluids can augment or diminish
the pressure of the other.

The vapour developed from the surface of the water tbus min-
ﬁng with the atmosphere, acquires a common temperature with it.

is

vapour, therefore, receiving thus from the air with which it is
hx*x
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intermixed more or less heat, after having passed into the vaporous
state, is superheated vapour (1496.) It has, therefore, a greater
temperature than that which corresponds to its density, or, what is
the same, it bhas a less density than that which corresponds to its
temperature. Such vapour may therefore lose temperature to a cer-
tain extent without being condensed.

2232. Air may be saturated with vapour.— But if the same at-
mosphere continue to be suspended over the surface of water, the
process of evaporation being continued, the quantity of vapour
which rises into the air and mingles with it will be continually in-
creased until it acquires the greatest density which is compatible with
its temperature. Evaporation must then cease, and the air is said
to be saturated with vapour.

If the temperature of the air in such case rise, evaporation will
recommence and will continue until the vapour shall acquire the
greatest density compatible with the increased temperature, and will
then cease, the air being, as before, saturated.

2233. If the temperature of saturated air fall, condensation will
take place.—But if the temperature fall, the greatest density of
vapour compatible with it being less than at the higher 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 re-
duced temperature.

2234. Atmosphere rarely saturated. — A fluid so light and mobile
ad 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, beforc any such portion of the atmosphere become sata-
rated by evaporation, it is removed and replaced by another portion.
It happens, consequently, that the atmosphere rarely becomes satu-
rated by the immediate effect of evaporation.

2285. May become so by reduced temperature or intermingling
strata. — The state of saturation is, however, often attained either
by loss of temperature, or by the intermixture of strata of air of
different temperatures 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 air
will then become saturated, not only by receiving any increased
quantity of vapour, but by losing that caloric by which the vapour
it contained was previously superheated.

If two strata of air at different temperatures, and both charged
with vapour to a point below saturation, be intermingled, they will
take an intermediate temperature ; that which had theiigher tempe-
rature imparting a portion of its heat tp that which had a lower
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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 commou temperature to
which the entire mass is reduced, after intermixture, shall be either
equal o or less than the greatest tomperature 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 satu-
rated, though the strata before intermixture were both below satura-
tion; 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 temperature.

2236. Air and vapour intermingle, though of different specific
gravities, —It might be supposed that air and vapour being 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 elastio 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 gravi-
ties. 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
sow degrees intermingle, a part of the hydrogen descending among
the carbonic acid, and a part of the carbonic acid ascending among
the hydrogen, and this will continue wuntil the mixture becomes per-
fectly uniform, every part of it containing the two gases in the pro-
portion 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 aqucous va-
pour 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.

2237. T he pressure of air retards, but does not diminish evapo-
ration.—It 1nay 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 evaporation. The same quantity
of vapour will be developed as would be produced at the same tem-
peratare if no air were superposed on the water; but while in the
latter case the entire quantity of vapour would be developed instan-
tavcously, it is produced gradually, and completed only after a cer-
tain interval of time whep the air is present. The quantity of va-
pour 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.
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The properties of the air, therefore, neither modify nor are modified
by those of the vapour which is diffused through 1t.

2288. When vapour intermixes with air, it renders it specifically
lighter.— Since, at the same temperature and pressure, 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 dimin-
ished. If a certain volume of air weigh 8 grains, an equal volame
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 6} grains. In this case, therefore, the deusity of the air
charged with vaionr is less than the density of dry air of the same
temperature in the ratio of 6} to 8.

CHAP. IIIL
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.

{f the atmosphere were always charged with vapour to saturation,
the pressure and density of the vapour contained in it would be im-
mediately determined by its temperature, for there would then be
the greatest pressure aud density compatible 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 DEW POINT, inasmuch as after re-
duction below that temperature, more or less condensation, and the
consequent deposition of moisture or DEW, will take place.

28321. Method of determining the pressure and density of the
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 tempers-
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tare 7, 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 pressare ¥ 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
ttor. If the increase of pressure due to one degree of augmented
temperature be expressed by n, the increase due to (T —¢) degrees
will be expressed by (T —¢) X n. Hence, we shall have

P=pxi{l+ (T—t)xn}

Bo 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 dew point can
be determined, will necessarily also determine the pressure p, inas-
much as this pressure is that which corresponds to vapour having the
greatest density compatible with the temperature ¢, and is therefore
given by the tables (1494). This being found, ¥ may be computed
by the preceding formula.

To find the denaity of the vapour actually suspended in the air,
or, what is the same, the weight of water in the state of vapour con-
tined in a cubic foot of air, let this weight be expressed by w’, and
let w express the weight of vapour which would saturate a cubio
foot of air at the temperature T.

Since the pressure is proportional to the density when the tempe-
ntare is the same, we shall have

PP IW:W;
Therefore,

w'=wx§=:1x1> X {14+ (@—0xn}

By this formula, therefore, the weight W' of vapour contained in a
cabic foot of air can be fonnd, 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.

2242, Talle of pressures and densitics of saturating vapours.—
The following table, in which are given the pressure and weight of
the satarating vapour in a cubic foot of air, at the several tempera-
tares expressed in the first column, will supply all the data necess
for such calculations, provided only that means be obtained for deter-
Rining by experiment the dew point.
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TapLs showing the Pressure and Weight of saturating Vapour contained in
a Cubic Foot of Air at Temperatures varying from — 4° Fahr. to 4 104°
Fahr.

|

Pressure: [Weight of Vapour Pressure: |Weight of Vapour

Temperature.| Inches, | ina Cubic Foot || Temperature.| Inches, | in a Cubic Foot -

Mercury. of Air, Mercury. of Air. . 1

e Grains. ° Grains,
— 40 05 1 66-2 -64 7
50 ‘08 1 68-0 68 7
14-0 10 1 69-8 ‘72 8
230 ‘16 2 71-6 76 8
820 20 2 784 -81 9
338 22 2 752 -86 9
356 23 8 770 91 10
37-4 24 3 78-8 96 10
39-2 26 8 80-6 1-02 11
410 28 8 82-4 1-08 12
428 80 8 842 1-14 12
446 +32 4 86-0 1-21 18
464 *34 4 878 1-28 14
48-2 86 4 89-6 1-35 14
60-0 -38 4 91-4 1-48 16
51-8 *40 b 982 1-51 16
586 *48 b 9560 1-69 17
55-4 45 b 96-8 1-68 18
57-2 48 b 986 1-77 18
69-0 b1 8 100-4 1-87 19
60-8 b4 6 102-2 1.97 20
62-6 68 6 104:0 2:09 21
64-4 61 7

2248. Example of such a calculation. — As an example of the
application of the preceding formulse, let us suppose that the tem-
perature of the air is 77°, and that the dew point is ascertained to
be 543°.

By the preceding table then we obtain the following data:

r=77°, p=091, (=54}, p=044

But it appears from what has been already explained (1495),
that n = 0-002037 = g}

Hence we find

P =044 x {1 + 225 x 0-:002037} = 0-46.

It follows, therefore, that the actual pressure of the vapour sus-
pended in the air is 46 per cent. of the pressure of the vapour which
would saturate it.

We have also

r =096, w=10:

And therefora

w = 505.
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244 Method of ascertaining the dew point.—To deterniine the
dew point, Jet a thin glass or decanter be filled with water, and, im-
mersing & thermometer in it, let it be exposed in the open air. Let
ice cold water be poured into it by small quantities and mixed with
it, s0 a8 to reduce its temperature by slow degrees below that of the
surrounding air. A temperature will at length be attained at which
1 cloudy deposition of moisture will be manifested on the external
«arface of the glass. The temperature at which this effect first be-
gits to be manifested is the DEW POINT.

To explain this it must be considered that the shell of air in im-
wediate contact with the glass is reduced to the temperature of the
ghes, and when that tewperature has been reduced so low that the
vapoar suspended in the air saturates it, any further diminution of
teiperature is attended with condensation, which is in effect mani-
fested by the dew which then immediately begins to collect upon the
wrface of the glass.

2245. Daniell' s Hygrometer.— Hygrometers have been constructed
in different forme, on this principle, to indicate
the dew point. That of Daniell 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 rectan-
gular form represented 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 &, and escapes
through a small opening in the bottom of &.
In this manner the air is expelled from the
ether, the tube, and the bulbs. The opening
in b i8 then closed with the blowpipe, and the
Fiz. 670. heat being removed from the bulb a, the va-
pour in the tube and bulb b is condensed, so

that the space within the instrument above the surface of the ether
tontains only the vapour of ether, which corresponds to the tempe-
nature of the fluid in the bulk a. A thermometer is previously in-
wrted in the tube ¢, the bulb of which is plunged in the ether, and
tbe balb b is surrounded by a linen or muslin cloth, which, being
aturated with ether by means of a small phial provided with a fine
Rctangular spout, evaporation takes place, by which the bulb & is
woled. The vapour of the ether which fills the bulb & is thus
ndensed in jt, and more vapour flows in to fill its place from the
tabe £ The surface of the ether in a being thus continually released
from the pressure of the vapour condensed, further evaporation and
3 consequent depression of the temperature of the fluid in the bulb
4 casues, and this continues until the temperature of the bulb a is
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reduced to the dew point, when a cloudy deposition will be mani-
fested on the glass of the bulb a.

2246. August's Psychremeter.—Pro-
fessor August of Berlin has constructed
an hygrometer, the indications of which
depend on the depression of temperatare
produced by evaporation in an atmo-
sphere which is below the point of satu-
ration. Two thermometers, [@ and b,
Jig. 671,] exactly alike in all respects,
are mounted on a support in immediate
juxtaposition, the bulb of one being
enveloped in a cloth, which is kept con-
stantly wetted with distilled water. If
the atmosphere were already saturated
no cvaporation would ensue; but if it
be not saturated, evaporation will take
place from the wet cloth surrounding
the bulb, and a depression of temnpera-
ture will be indicated, which will bear
a certain relation to the rate of this

: : evaporation. The thermometer there-
Fig. 671, fore, enveloped in the wet cloth, will
fall below the other, which gives the
true temperature of the air, and the difference between the two ther-
mometers 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 amouants to from 14° to 18°.

DProfessor 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 less vapour is sus-
pended, they will attract this vapour and condense it in their pores,
%0 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 corre-
sponding variation of dimensions. Tho hygrometer of Saussure

fig. 672,] is founded on this property. A bair well prepared and
eprived of all greasy matter is attached to a point of suspension a,
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and being carried round a small wheel is kept extended
by suspending to its extremity a small weight /. Be-
ing hygrometric, it absorbs moisture from the atmo-
sphere, by which it is made to expand and increase its
length. This causes the wheel round which it is coiled
to turn through a corresponding space, which is shown
by an index d fixed upon the centre of the wheel, which
plays upon a graduated arch sA.

As the vapour suspended in the air increases or di-
wxd; Mminishes, the contraction of the hair varies in corre-
sponding manner, and the index shows the changes,
indicating extreme dryness at onme extremity of the
scale, and extreme humidity at the other.

Tables have been constructed by which the indica-
tions of this instrument give the pressure of the vapour
suspended in the air.

[2247*. General consideration of hygrometers. — The quantity

of watery vapour contained in the atmosphere, at any given moment,
may be determined either by what is called the chemical method, or
by means of instraments called Aygrometers. The chemical method
consists in absorbing, by means of substances which have a great
avidity for water, the vapour contained in a certain volume of air,
and in determining its weight by the balance. The air is drawn by
means of an aspirator through tubes filled with coarse fragments of
pumice-stone, moistened with sulphuric acid. Experiment has shown
that tabes of this kind completely retain the humidity of the air.
Hence, the increase of weight in the tubes represents the weight of
the water which existed in a volume of air equal to the capacity of
the aspirator. This method does not give the quantity of humidity
which exists in the air at a determinate moment, but determines,
with great precision, the mean quantity which the air contained
during the experiment. But it is an experiment of the laboratory,
requiring time and bulky apparatus for its performance ; and, conse-
quently, does not admit of adoption in meteorological observatories.
It is, however, eminently adapted to the verification of the other
methods; and for this purpose, was constantly made use of by Reg-
pault in his hygrometrical researches, some of the results of which
are given below.

Hygrometers, or instruments which serve to measure the elastio
force of the watery vapour contained in the air, are of three kinds,
being constructed on different principles. Some act by condensation,
others by evaporation, and others again by absorption. The first are
called condensing or dew point hygrometers—the second, wet-and-
dry bulb hygrometers or psychrometers— and the third, absorption
bygrometers. :

ur. 6
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1st. Condensing or dew point hygrometers.—Hygrometers of this
kind are the only ones whose results are perfectly exact and reliable-
their indications being influenced neither by the temperature, nor by
the degree of humidity, nor by the variable agitation of the air.

Le Roy, of Montpellier, was the firat to propose the determination
of the dew point by the rough process described in 2244 ; but when
the air is very dry, a deposit of dew cannot be produced in that
way.

'i‘he process of Le Roy received its first practical application by
the construction of Daniell’s condensing hygrometer (2245) ; which,
however, cannot be absolutely relied upon, since it is liable to the
following objections. (a) The cooling of the ether in the bulb a
principally takes place at the surface of. the liquid where the evapo-
ration occurs ; and as liquids are bad conductors of heat, there is al-
ways a marked difference of temperature between the upper and
lower layers of the liquid. However delicatp the thermometer may
be, it still indicates otﬂy the mean temperature of the layers in which
its reservoir is immersed; and this mean temperature may differ
perceptibly from that on which the first deposit of dew depends.
(b) The manipulation requires the long-continued presence of the
observer near the apparatus; and this necessarily influences the hy-
grometric state of the air and its temperature, especially if the ob-
server is obliged to approach very near to read off the thermometer
and to observe the first deposit of dew. (c) The evaporation of a
great quantity of ether takes place on the bulb & in a space extremely
pear to that in which the deposit of dew upon the bulb a is deter-
mined ; and the lowering of temperature caused by this in the neigh-
bouring strata, must occasion a very sensible change in the hygro-
metric state of the air. (d) And lastly, the ordinary commercial
ether contains as much as one-tenth its weight of water; and this
water, being carried in great part by the vapour of ether into a
space very close to that in which the deposit of dew is determined,
tends again to change the hygrometrio state of the air.

Bache's hygrometer, fig. 673, which is free from most of the
foregoing objections, consists of a cubical box e, filled with finely
pounded ice and salt, into which is inserted a metallio bar &, having
on its upper surface a groove containing mercury, into which dips a
delicate thermometer a suspended from a support d; the thermo-
meter being movable along the groove. The whole rests upon a
wooden stand c. One of the vertical sides of the bar & presents a
surface of polished silver; and the temperature of this bar, which
is about zero vear its inscrtion into the box, gradually rises towards
the other end. There will be a deposit of dew on this polished sur-
face, terminating abruptly at a certain vertical line whose tempera-
ture will be that of the dew point. This temperature is easily as-
certained by placing the bulb of the thermometer opposite that line;



HYGROMETERS. 63

Fig. 673.

and hence this instrument allows of the dew point being read off at
any moment by the observer.

But of all condensing hygrometers, that of Regnault, figs. 674
and 675, is the most perfect. It consists of a thimble, a be¢ ( fiy.
674), made of silver, very thin, and perfectly polished, § inch in
depth, and §;ths of an inch in diameter, which is fitted tightly upon
a glass tube cd, open at both ends. The tube has a small lateral
tubulure ¢. The upper opening of the tube is elosed by a cork,
which is traversed by the stem of a very sensible thermometer occu-
pying its axis; the bulb of the thermometer is in the centre of the
silver thimble. A very thin glass tube, fg, open at both ends,
traverses the same cork, and descends to the bottom of the thimble.
Ether is poured into the tube as high as m n, and the tubulure ¢ is
placed in communication by means of a leaden tube d, with an as-
pirator jar, six or eight pints in capacity, filled with water. The
aspirator jar is placed near the observer, while the hygrometer is
kept as far from his person as is desirable. On allowing water to
run from the aspirator jar, air enters by the tube g f, passing bubble
by bubble through the ether, which it cools by carrying away va-
pour : the refrigeration is the more rapid the more frecly the water
is allowed to flow ; and the whole mass of ether presents a sensibly
uniform temperature, as it is briskly agitated by the passage of the
bubbles of air. The temperature is sufficiently lowered in less than
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a minute to determine an

T T abundant deposit of dew.
. The thermometer is then
observed through a little
telescope. Suppose that it
is read off at 50°: this
temperature is evidently
somewhat lower than what
corresponds exactly to the
air’s humidity. By clos-
ing the stopcock of the
aspirator, the passage of
air is stopped, the dew
disappears in a few se-
conds, and the thelémo-
meter again rises. Sup-
pose t.haag:lit. marks 52°:
this degree is above the
dew point. The stopcock
of the aspirator is themn
opened very slightly, so
a8 to determine the pas-
sage of a very small
stream of air-bubbles
through the ether. If
the thermometer con-
tinues, notwithstanding,
to rise, the stopcock is
oiened further, and the
thermometer brought
down to 51°-8: by shut-
ting the stopeock slightly,
Fig. 674. Fig. 675. it is easy to stop the fall-
ing range, and make the

thermometer remain stationary at 51°-8, as %ong as is desired. If
no dew forms after the lapse of a few seconds, it is evident that 51°-8
is higher than the dew point. It is brought down to 51°-6, and
maintained there by regulating the flow. The metallic surface being
now observed to become dim after a few seconds, it is concluded that
51°-6 is too low, while 51°-8 is too high. A still greater approxi-
mation may be made, by now finding whether 51°-7 is above or be-
low the point of condensation. These operations may be executed
in a wery short time, after a little practice; three or four minutes
being found sufficient, by M. Regunault, to determine the dew point
to within about j%;th of a degree, Fabr. A more considerable fall
of temperature may be obtained by means of this than the original
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mstrument of Daniell, with the consumption of a much less quantity
of ether; indeed, that liquid may be dispensed with entirely, and
sloohol substituted for it. The thermometer T, to observe the tem-
perature of the air during the experiment, is placed in a second
similar glass tube and thimble o’ ¥/, also under the influence of the
aspirator, but containing no ether.

It is evident from this deseription that Regnault’s hygrometer
obviates all of the objections to which that of Daniell is open. The
thermometer indicates exactly the same temperature as the ether,
and all the layers of this liquid present a uniform temperature, from
the continual agitation produced by the: passage of the bubbles of
air; the metallic side on which the dew is deposited has also the
same temperature as the ether, because it is very thin, and is in
immediate contact with this liquid. The manipulation does not
require the observer to be close by; he may, on tie contrary, be at
the distance of several yards, and observe the instrument with a
telesoope. No vapour is found near the point at which the hygro-
metric state is determined; and much lower temperatures may be
obtained than with Daniell’s hygrometer. Thus, during the greatest
summer heat, Regunault sncoeeﬁ in lowering the thermometer of
the condenser several degrees below 32°, and covering the metallic
side with a thick layer of hoar frost.

2d. The psychrometer of August, which is more generally
known in this country as the wet-and-dry bulb hygrometer, is per-
haps the most extensively employed of all hygrometrical instru.
ments. This has resulted, probably, from the fact, that it does not
easily get out of order, and from its demanding no practical skill on
the part of the observer.

The two following were the formula constructed by Professor
August for the determination of the elastic force of the watery
vapour contained in the air.

_e—0558 (t—1) b

Le=s—=p_7
_e— 0558 (t—) b
2= —pm

z being the tension required of the vapour in the atmosphere in
the Paris lines ; e the tension in Paris lines which corresponds with
the temperature of the moist thermometer; ¢ the temperature of the
dry, and ¢ that of the moist thermometer, in degrees of Reaumur’s
scale; and lastly, b the altitade of the barometer in Paris lines.
Formula I. serves for temperatures above 32°, and IL. when the
3dlmp thermombeter is covered with ice, t. e., for temperatures under
2°,

Regnault has shown (Annaka ge Chimie et de Physique, Toms
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xxxvil., Mars, 1853), that these formul® cannot be regarded as a
true expression of the facts; for they take no account of several cir-
cumstances which exert a great influence on the indications of the
instrument. The relative temperatures of the dry and moist ther-
mometers do not depend only on the state of saturation of the air;
they depend also on its different states of agitation, and on the local
conditions in which it is placed. These thermometers indicate, in
fact, resultants dependent on the proper temperature of the ambient
air, on the variable calorific radiation of the surrounding bodies, and
besides, for the moist thermometer, on the evaporating power (which,
perhaps, varies with the temperature) which the air exerts on water,
in the conditions of temperature, saturation, and motion, in which
the instrument is placed. By giving to the psychrometer a rapid
motion of circular translation about a vertical axis, we may diminish
the influence of the variable agitation of the air and that of the
local conditions: but we will thus destroy the simplicity of the
instrument, which constitutes its principal merit.

Regnault considers it useless to seek formuls which will repre-
sent psychrometrical observations better than those of August,
because evidently no account can be taken of the local and accidental
circumstances which influence the instrument: and hence the
vsychrometer must be regarded as a mere empirical instrumend,
whose tndications are without scientific value. 1t is therefore to be
desired that observers should be well convinced of this fact, in order
that they may not continue to make use of instruments on whose
indications they possess no certain data, and to accumulate doubtful
observations which will be much more injurious than useful to the
progress of meteorology.

8d. The hair hygrometer of Saussure, which is the only kind
of absorption hygrometer ever employed to any extent, is entirely
unreliable; for the numerous experiments of Regnault bave demon-
strated that no two instruments furnish indications which admit of
comparison, and that they do not possess the high degree of sensi-
bility which was formerly assigned to them. In fact, they are often
quite long in arriving at their state of equilibrium. Hence, this
instrument also should be totally abandoned.] :

2248. Dew.— The evaporation produced during the dar 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 dayand the conscquent
change of temperature after sunset be great In such case, the
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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 radi-
ators of heat, among which the foliage and flowers of vegetables are
the foremost, lose by radiation the heat which they had received
before sunset without receiving any beat from the firmament suffi-
cient to replace it. The temperature of such objects, therefore, falls
wuch below that of the air, on which they produce an effect pre-
cisely similar to that which a glass of very cold water produces when
exped to a warm atmosphere charged with vapour. The air con-
tiguous to their surface being reduced to the dew point by contact
vith them, a part of the vapour which it holds in suspension is con-
densed, and collects 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
oo those surfaces which are good radiators. Foreign writers on
physies 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 radi-
aors, when the firmament is clouded. For although heat be radiated
a abundantly from objects on the surface of the carth as when the
oky is unclouded, yet the clouds being also good radiators, transmit
beat, which being absorbed by the bodies on the earth, compensates
for the heat they lose by radiation, and prevents their temperature
from falling so much below that of the air as to produce the con-
densation 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 condensation
bas time to take place. Meanwhile, by the contact of succceding
portions of air, the radiator recovers its temperature.

_In general, therefore, the conditions necessary to insure the depo-
&tion of dew are, 1st, a warm day to charge the air with vapour;
2, an unclouded night; 3d, a calm atmosphere; and, 4th, objects
expoeed to it which are good radiators of heat.
. In the close and sheltered streets of cities the deposition of dew
ls nrely observed, because there the objects are necessarily exposed
b exch other’s influence, and an interchange of heat by radiation
place 80 as to maintain their temperature; besides which. the
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objects found there are not as strong radiators as the foliage and
flowers of vegetables.

2249. Hvar frost.— When the cold which follows the condensa-
tion of vapour falls below 32°, what would otherwise be DEW be-
comes HOAR FROST. For the same reason that dew is deposited
when the temperature of the air is above the point of saturation,
hoar frost may be manifested when the temperature of 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
crystals 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 surfaces, which
soon ;ongeals and exhijbits the crystallized coating so often wit-
nessed.

The frosts of spring and autumn, which so frequently are at-
tended with injury to the crops of the farmer and gardener, proceed
generally not from the congelation of moisture deposited from the
atmosphere, but from the congelation of their own proper moisture
by the radiation of their temperature caused by the nocturnal radi-
ation, 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 degrces 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,

uze, and various other expedients.

2250. Fabrication of ice tn hot climates. —In tropical climates
the principle of nocturnal radiation has supplied the meaus of the
artificial production of ice. This process, which is conducted ou a
considerable scale in Bengal, where some establishments for the pur-
pose 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



FOGS AND CLOUDS. ’ 69

temperature of the water in the pans, which congeals when it falls
below 32°.

2251. Fogs and clouds. — When the stcam issuing from the sur-
face of warm water ascends into air which is at a lower temperature,
it is condensed, but the particles of water formed by such condensa-
tion are so minute, that they float in the air as would the minute
particles of an extremely fine dust. These particles lose their trans-
parency by reason of their minuteness, according to a general law of
pbysical optics. The vapour of water is transparent and colourless.
It is only when it loses the character and qualitics of true vapour,
that ecilt acquires the cloudy and semi-opake appearance just men-
tioned.

Fogs are nothing more than such condensed vapour produced 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. :

E’:gs are quite frequently observed in circumstances which seem,
at first sight, very different from the foregoing. For example, at the
time of a thaw, when the temperature of the air is sensibly higher
than that of the water, very dense fogs still form on rivers, even
when they are covered with ice: but appearances only are changed,
the principle is the same. In fact, in this case, the warm air is satu-
nted with humidity, and, when it comes to be mixed with the air
which has been cooled by contact with the ice or other cold bodies,
its vapour is condensed.]

Clouds are nothing but fogs suspended in the more elevated strata
of the atmosphere. Clouds are most frequently produced 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 partial coudensation as already
explained (2235).

(It is generally admitted that the vapours which constitute clouds
are vesicular vapours; that is to say, aggregations of little globules
filled with moist air, altogether analogous to soap-bubbles. These
globules are very easily distinguished by the naked eye in fogs which
rise on warm water, and particularly on the surface of a black solu-
tion, as coffee. Their density is essentially greater than that of the
air, on account of the liquid pellicle which forms their envelope ; and
itis somewhat difficult to explain how they can, notwithstanding this
exoess of density, remain suspended in the air. Gay-Lussac was of
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opinion that the currents of warm air which rise incessantly from the
earth during the day, bave a great influence in determining the
ascension and maintaining the suspension of clouds. Fresnel sup-
posed that the solar heat, being absorbed by the clouds, forms out
of them a species of air-balloous which rise to heights proportional
to the excess of temperature. These two causes are without doubt
very efficacious ; but we are as yet in sion of too few data on the
true constitution of clouds and on the properties of the vapours or
different elements which compose them, to attempt a complete expla-
nation of the phenomenon. We are still less able to present any
thing but conjectures, more or less hazardous, on the causes which
determine the form of clouds, their extent, their elevation, their
colour, and all their various appearances, whose study is the object
of the meteorologist.]

2252. Rain.— When condensation of vapour takes place in the
upper strata of the atmosphere, a fog or mist is first produced, 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 phenomenon of rain.

2253. Rain gauge. — An instrament by which the quantity of
rain which falls upon an area of given magnitude, at a given place,
within a given time, is called a RAIN GAUGE or UDOMETER. [The
terms PLUVIMETER and OMBROMETER are employed by some ob-
servers to denote the same instrument.]

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 expedients.

2254. Quantily 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 reccived 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
236 inches. There is, however, considerable variation in the quan-
tities from which this average is deduced; the smallest quantity
observed being 169 inches, and the greatest 27-9 inches.

The greatest annual full of rain is that observed at Maranham,
lat. 24° 8., which is stated by Humboldt to amount to 277 inches,
more than double the annual quantity hitherto observed elsewhere.
The following are the annual quantities at the under-named places :—
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RAIN — SNOW — HAIL.

In. In.
120 Bordeaux (7 years)............ 886
) 116 Chalons (43 years).. . 285
Island Granada... 112 Dijon (34 years)...... . 276
Havana.....cceieeeennennnnee 91 DioppozéB FOATB) eeererer searne 826
Caleutts coeeee - veeerenencnn 76 to 118 | Metz (22 years)......ceeeunuens 26-0
Bombay.......ceecennereeees 88 to 96 | Nantes (7 years)................ 6456
Martinique......cee cocersnes 87 Orange (80 years).............. 29-6
Sierra Leone .....c.c.veueee 86 Jerwas iﬁ FOATS) c.ceeerurnnenen 50-0
Rouen (8 years) .......ceeceunes 88-6
8t. Lo (3 years)......ccevveeeene 81-6
Toulouse (8 years)............. 26-0
Basin of the Rhone (4 years) 85-0

Kendal......ccveeiieiennninnnnns 53-94

Dumfries...c..ccoeereireeiriiennes 86-92

Manchester ........cceviieneenee 86-14

Liverpool. ..c.ceeeeeerniecnrancnee 84-12

ter....... 89-71

GlaSZOW ceeurrenerenerenniennnnns 21-88

London (Dalton)................ 20-69

¢  (Howard) e 24-00

Alsis (36 years)........... York.............. ceee 26°70

Algiers (10 years)......... 86-0 Edinburgh ....cccceieeneiennees w 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 hours.

At Genoa, 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 pro-
duction of snow are not ascertained. It is not known whether the
fakes 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
ather frozen particles in falling through the successive strata of the
air, and thus finally attain the magunitude which they have on reach-
ing the ground.

The only exact observations which have been made on snow refer
1 the forms of the crystals composing it, which Captain Scoresby
has observed with very great accuracy in his Polar Voyages, and of
which he has given drawings. The flakes appear to consist of fine
teedles, grouped with singular symmetry. A few of the most
remarkable forms are represented in fig. 675.

[The red snow which is met with in polar regions and wherever
the snows are permanent, owes its colour to a small fungus or mush-
mom, which has the property of vegetating in snow.]

2256. Hail.—The physical causes which produce this formidable
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scourge of the agriculturist are uncertain. Hypotheses have been
advanced to explain it which are more or less plausible, but which
do not fulfil the conditions that would entitle them to the place of

Fig. 676.

physical causes. Volta proposed a theory, which has obtained some
celebrity, and which is characterized by the ingenuity that marked
every physical investigation of that great philosopher. Two strata
of clouds, each charged with vapour, and with opposite electricities,
are supposed to be carried by different atmospheric currents at differ-
ent elevations to such a position, that one is vertically above the
other, and separated from it by a stratum of the atmosphere of a
certain thickness. Assuming that condensation and congelation are
produced in the superior cloud, and that hailstones of small magni-
tude result directly from the congelation of particles 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 fall again to the inferior cloud, and so continue to rise and fall
between the two clouds upon the same principle as the pith-balls
move in the experiment described in (1794). The gradual increase
of magnitude 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 certain depth,
and because of their low temperature, the vapour condenses and con-
geals upon their surface, thus increasing their volame. The same
cffect is produced when they rise again to the superior cloud, and is
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repeated each time that they to and fro from cloud to cloud,
until the weight of the stones mmes 80 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 producing evapora-
tion, and by the assumption that vaporization develops positive and
eondensation 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
bypothesis of Volta might be received without objection as a possi-
bility. But even admitting this, the hypothesis cannot be regarded
a3 more than an ingenious conjecture.

In the explanation of hail there are two difficultics, both of
which have hitherto transcended all the efforts of physicists to
resolve them. :

We require to know, 1st, how the cold which congeals the water,
is produced ; and 2d, how a hailstone which has acquired sufficient
size to fall by its own weight, remains suspended in the air until it
acquires a circumference of 12 or 15 inches.

The theory of Volta just given answers only tho second of these
questions : it has been attempted to answer the first by saying that
the cold is produced by wind. There are winds which are always
accompanied by a greater or less depression of temperature: such
are those which are propagated by rarefaction (2226). Observation
has shown that they may produce, at the surface of the earth, a
fall of thirty degrees; and there is no doubt that, in the higher
regions of the atmosphere, they may cause a still greater cold. Me-
teorologists ought then to pay attention to this point, in order to
ascertain whether the winds which bring hailstorms are or are not
winds propagated by rarefaction. If the cold has not this origin,
the whole difficulty remains, and other means must be sought for its
swlution. The theory which Volta proposed in answer to the second
question is liable to some grave objections: and it is perhaps more
correct to suppose that, the cold being produced by the wind, it is
also the power of the wind which carries the hailstones horizontally
of at least very obliquely in the atmosphere ; that they thus traverse
fifteen or twenty leagues, and that they have no need of being sus-
pended for a very long time, in the midst of very dense and cold
clouds, to attain the enormous size which they sometimes have.]

2257. The phenomena attending hailstorms.—In the absence of
any satisfactory explanation of the phenomenon, it is important to
acertain with precision and certainty the circumstances which attend
it, and the conditions under which it is produced.

It may then, in the first place, be considered as certain that the

m. 7
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formation of bail is an effect of sudden electrical changes in clouds
charged with vapour; for [hail ordinarily precedes thunderstorms,
gometimes accompanying them, but hardly ever following them,
especially if the storms are of any duration. ]

Before the fall of hail, during an interval more or less, but some-
times of several minutes’ duration, a rattling noise is generally heard
in tho air, which has been compared to that produced by shaking
violently bags of nuts.

Hail falls much more frequently by day than by night. 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, their ioferior surfaces having enormous protu-
berances, and their edges being indented and ragged.

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

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

Pouillet found that the tcmperature of hailstones varied from
31° to 25° Fahr.]

2258. Extraordinary examples of hailstones. — Extraordinary
reports of the magnitude of hailstones, which have fallen during
storms so memorable as to find a place in general history, 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 measured fifteen feet in length by six
fect in breadth, and eleven feet in thickness; and under the reign of
Tippoo Saib, hailstones equal in magnitude to elephants are said to
have fallen. Setting aside these and like recitals, as partaking rather
of the character of fable than of history, we shall find sufficient to
create astonishment in well authenticated obscrvations on this
subject.

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

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

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

On 22d May, 1822, Dr. Noggerath saw fall at Bonn hailstones
which weighed from twelve to thirtcen ounces.

It appears, thercfore, certain that in different countries hailstorms



L4

ATMOSPHERIC ELECTRICITY. 75

bave occurred in which stones weighing from half to three quarters
of a pound have fallen.

[2258*. Disastrous hailstorm in France and Illland, in 1788,
—To give some idea of how far this terrible scourge may extend,
and with what velocity it may be propagated, some details will here
be reported of the famous storm which traversed France and Hol-
Jand on the 13th of July, 1788. This storm was, without doubt,
the :10“ disastrous and frightful, as well as the best observed, on
record.

The storm was propagated simultaneously in two bands, nearly
parallel, and extending from the southwest to the northeast. The
eastern band was the narrowest, having the average breadth of two
leagues and a quarter : that of the western was four leagues. They
were separated by a band, of about five leagues in average breadth,
which received only an abundant rain. To the east of the eastern
band, and to the west of the western band, there was also much rain,
but over an extent not well determined. Each band had a total
length of more than 200 leagues. All points in this immense ex-
tent were not struck at once; but it was found, on comparing the
times, that the storm advanced at the rate of about 50 miles per
bour from the Pyrenees, where it seemed to have originated, to the
Baltic Sea, where all trace of it was lost. At each point, the hail
fell only for about seven or eight minutes.

The number of parishes laid waste in France was 1039 ; the total
loss was found on official inquiry to be 24,690,000 franes.

This phenomenon presents the most prodigious example both of
the forces which act in collecting watery vapour and maintaining it
suspended in the air, and of those which produce, amid the heats of
summer, a sudden depression of temperature in widely-extended
stmospheric regions.]

CHAP. IV.
ATMOSPHERIC ELECTRICITY.

2959. 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 a coating of air, the tenth of an
inch thick, investing a twenty-inch globe. This acrial ocean, rela-
tively shallow as it is, at the bottom of which the tribes of organized
nature have their dwelling, is nevertheless the theatre of stupendous

tleetrical phenomena.
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It 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 the globe on which it rests,
decomposes the natural electricity, attracting the negative fluid to
the surface and repelling the positive fluid to the inferior strata.
The globe and its atmosphere may therefore be pot inaptly compared
to a Leyden phial, the outer coating of which being placed in con-
nexion with the prime 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 exceptions. — This
normal state of the general atmospheric ocean is subject to variations
and exceptions; variations of intensity and exceptions in quality or
name. The variations are periodical and accidental. The excep-
tions local ; patches of the general atmosphere in which clouds float
being occasionally charged with negative electricity.

2261. Diurnal variations 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 afternoon, when it attains
a minimum. It then increases and continues to increase until some
minutes after sunset, when it attains a maximum. After that it
again decreases, attaining 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 minutes after sun-
rise.

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

2262. Observations of Quetclet.—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 Brussels for the last ten
years. M. Quetelet found that the first maximum was manifested
about 8 A. M., and the second about 9 p.M. The minimum in the
day was at 3 p.M. 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 unclouded. When,
however, the firmament is covered with clouds, the electricity is sub-
ject during the day to frequent and irregular changes not only in
intensity but in name; the electricity being often negative, owing to
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the pressure of clouds over the place of observation, charged some
with positive and sowe with negative electricity.

2203. Irregular and local variations and exceptions. — The in-
tensity of the electricity of the air is also affected by the season of
the year, and by the prevalent character 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 winter, 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 sometimes
positive and sometimes negative, varying with the direction of the
wind. North winds give positive, and south winds negative deposits.

2264. Methods of observing atmospheric electricity.— The elec-
tricity of the atmosphere is observed by erecting in it, to any desired
elevation, pointed metallic conductors, from the lower cxtremities 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;
fparks 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 electroscope properly adapted to the purpose, and reduced
© its patural 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
higher stratn. —To ascertain the electrical condition of strata too
élevated to be reached by a fixed conductor, the extremity of a flex-
ible wire, to which a metallic point is attached, is connccted with a
beavy ball, which is projected into the air by a gun or pistol, or to
a arrow projected by a bow. The projectile, 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
atained 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
sopted with advantage, more especially in cases where the atmo-
spheric 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 meaus of kites by Romas in 1757. The kite,
carying a metallic point, was elevated to the strata in which the
electric clond floated. A wire was connected with the cord, and car-
ried from the pointed conductor bo:ne by the kite to a part of the
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cord at some distance from the lower extremity, where it was turned
aside and brought into counexion with an electroscope, or other
experimental means of testing the quantity and quality of the elec-
tricity 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 dis
charge of which was attended with a report as loud as that of a pistol.
In less time than an hour, not less than thirty flashes of this magni-
tude and intensity were often drawn from the conductor, besides
many of six or scven 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 weather.  Clouds which are similarly electrified
repel, and those which are oppositely electrified attract each other.
Hence arise motions among such clouds of the most opposite and
complicated kind. While they are thus reciprocally attracted and
repelled in virtue of the electricity with which they are charged, they
are also transported in various directions by the currents which pre-
vail 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 elec-
wricities affect each other by induction, and mutually 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 dis-
tance that the force of the fluids with which they are charged sur-
passes 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 spontancous 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 clonds, however, unlike the metallic coatings of the jar, are
very imperfect conductors, and consequently, when discharged at one
part of their vast extent, they preserve elsewhere their electricity in
its original intensity. Thus, the first discharge, instead of establish.
ing equilibrium, rather disturbs it; for the part of the cloud which ig
still charged is alone attracted by the part of the other cloud in which
the fluid has not yet been neutralized. Hence arise various and
complicated motjons and varjations of form of the clouds, and a suc-
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cession 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 lightning, like that of the spark taken from
an electrified conductor, 18 zigzag. The doublings or acute angles
formed at the successive points when the flash changes its direction
vary in number and proximity. The cause of this zigzag course,
whether of the electric spark or of lightning, has not been explained
in any clear or satisfactory manuer.

The length of the flashes of lightning also varies; in some cases
they have been ascertained to extend to from two and a half to three
miles. It is probable, if not certain, that the line of light exhibited
by flashes of forked lightning are not in reality one continued line
simultanecusly luminous, but that on the contrary the light is
developed successively as the electricity procecds in its course; the
appearance of a continuous line of light being an optical cffect ana-
logous 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. Causes 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 per-
ception of the flash and that of the sound, the distance of the point
where the discharge takes place can be computed approximately by
allowing 1100 feet for every second in the interval.

Bat since a separate sound is produced at every point through
which the flash passes, and as these points are at distances 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 succession. Thus, if the flash be transmitted in
the exact direction in which the observer is placed, and its length be
11,000 feet, the distances of the points where the first and last
sunds are produced will differ by ten times the space throuil; which
sound moves in one second. The first sound will, therefore, be heard

/



80 METEOROLOGY.

ten seconds before the last, and the intermediate sounds will be heard
during the interval.

The varying louduess of the successive sounds heard in the rolling
of thunder proceeds in part from the same causes as the varying
intensity of the light of the flash. But it may, perhaps, be more
satisfactorily explained by the combination of the successive dis-
charges of the same cloud rapidly succeeding each other, and com-
Lining their effects with those arising from the varying distances 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 distance ; and it seems extra-
ordinary that an explanation so obvious has not been suggested.
Let A, B, 0, D, fig. 676., be a part of a zigzag flash secn by an

Fig. 676.

observer at 0. Taking 0 as a centre, suppose arcs 0 ¢ and B b of
circles to be drawn, with 0 0 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 simultane-
ously, and, supposing them equal, will produce the perception 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 o. Thus, if with 0 as centre, and 0 m as radius,
a circular aro be described, it will intersect the path of the light-
ning at the three points m, m', and m”, and these three points
being, therefore, at the same distance from o, the sounds produced
at them will reach the observer at the same moment, and if they bo
equally intense will produce on the car the same effect as a single
sound three times as loud. The same will be true for all the points
of the zigzag between c and . 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 b along
the zigzag, and the intermediate at the points ¢ c and B 4,

- L )‘k""
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It is evident, that from the infinite variety of form and position
with relation to the observer, of which the course of the lightning
is susceptible, the variations of intensity of the rolling of thunder
which may be explained in this way have no limit.

2272. Affected by the varying distance of different parts of the
JSlash.— 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.

2273. Affected by echo and by interference. — As the rolling of
thunder is much more varied and of longer continuance in moun-
tainous 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 therefore of the rolling
mast 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
bodies upon the earth’s surface immediately under it. It has a
tendency to decompose their natural electricity, repelling the fluid
of the same name, and attracting to the highest points the fluid of
acontrary 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 magnitude, position, and, above all, their form.

Water being a much better conductor than earth in any state of
aggregation, thunder clouds act with greater energy on the ses, lakes,
ad other large collections of water. The flash has a tendency to
pass between the cloud and the water, just as the spark passes be-
tween the conductor of an electric machine and the hand presented
o 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 con-
dactive action of the cloud, any more than a thin glove of varnished
¢ilk on the hand would intercept the spark from the conductor.

2275. Formation of fulyurites explained.—This explains the fact
that lightning sometimes penetrates strata of the solid ground under
which subterrancan reservoirs of water are found. The water of
fuich reservoirs is affected by the inductive action of an electrified
tloud, and in its turn reacts upon the cloud as one coating of a
leyden jar reacts upon the other. When this mutual action is suf-
ficiently strong to overcome the resistance of the subjacent atmo-
sphere and the strata of soil under which the subterranean reser-
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voir 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 which attract lightning. — The
properties of points, edges, and other projecting parts, of conductors,
which have been already stated (1776), will render easily intelligible
the influence of mountains, peaked hills, projecting 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 Pyrenees, and in other mountainous coun-
tries, multitudes of cultivated valleys are found, the inhabitants of
which know by secular tradition that they have nothing to fear from
-thunderstorms. If, however, the width of the valleys were so great
as twenty or thirty times their depth, clouds would occasionally
descend upon them in masses sufficiently considerable, and lightning
would strike.

Solitary hills, or elevated buildings rising in the centre of an ex-
tensive 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 impregnated
with sap, which is a conduetor 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 condition of
the soil, subsoil, and even the inferior strata, the depth of the roots
and their dimensions, also exercise considerable influence on the
phenomena, o that in the places where there is the greatest appa-
rent safety there is often the greatest danger. It is, nevertheless, a
good general maxim not to take a position in a thunderstorm either
under a tree or close to an elevated building, but to keep as much
as possible in the open plain.

2277. Lightning follows conductors by preference.— Iis effects on
buildings. — Lightning falling upon buildings chooses by preference
the points which are the best conductors. It sometimes 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 penctrate a wall, attracted by a mass of
metal placed within it.

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

2278. Conductors or paratonnerres [lightning-rods) for the pro-
tection of buildings. — The purpose of paratunnerres [lightning-rods]
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 innoxious.

A paratonnerre is a pointed metallic rod, the
length of which varies with the building on which
it 18 placed, but which is generally from thirty
to forty feet. It is crected vertically over the
object it is intended to protect. From its base
an unbroken scries of metallic bars, soldered or
welded together end to end, are continued to the

und, where they are buried in moist soil, or,
ﬁh’.r still, immersed in water, so as to facilitate
the escape of the fluid which descends upon them.
If water, or moist soil, cannot be conveniently
found, it should be connected with a sheet of
metal of considerable superficial magnitude,
buried in a pit filled with pounded cinrcoal,
or, better still, with braise [small coal].

The parts of a well-constructed paratonncrre
are represented in fiy. 677. 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 picces closely
joined together, and secured by pins passed trans-
versely through them. In the figure are repre-
sented only the two cxtremities of the lowest,
and those of the intermediate piece, to avoid
giving inconvenient magnitude to the diagram.
The superior piece, g, is represented complete.
It is a rod of brass or copper, about two feet in
length, terminating 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 dia-
gram below the point.

Three of the methods, reputed the most effi-
cient for attaching the paratonnerre to the roof, are
represented in fiy. 678, at p, [, and £ At p
the rod is supported against a vertical piece, to
which it is attached by stirrups; at / it is bolted
upon a diagonal brace; and at f it is simply
secured by bolts to a horizontal beam through
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which it passes. The last is evidently the lcast solid method of
fixing it.

Fig. 678,

The conductor is continued downwards along the wall of the edi-
fice, 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 extremity, to the base of the paratounerre by
a joint, which is hermetically closed, so as to prevent oxidation,
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 decomposes
the natural electricity of the rod more energetically than that of sur-
rounding objects, 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 suspenged over it, discharges
this fluid in a jet towards the cloud, where it combines with and
peutralizes an equal quantity of the electricity with which the cloud
is charged, and, by the continuance of this process, ultimately reduces
the cloud to its natural state.

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 protected
by the paratonnerre should be placed in metallic connexion with it,
since in that case their clectricity, decomposed by the inductive action
of the clouds, will necessarily escape by the conductor cither to the
carth or to the cloud by the point.

It is considered generally that the range of protection of a para-

tonnerre is a circle round its base, whose radius is two or three times
its length.
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2279. Effects of lightning on bodies which 1t 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
oo the system by induction only, which is called the secondary or
indirect shock, it does not immediately kill, but inflicts nervous
shocks 80 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 great that
they are rendered incandescent, fused, and even burned. This hap-
pens occasionally with bell-wires, especially in exposed and unpro-
tected 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

ies, are ignited generally by the lightning drawn through them
gy the attraction of other bodies mear them which are good con-
uctors.

The mechanical effects of lightning, the physical cause of which
has not been satisfactorily explained, are very extraordinary. Euoor-
mous masses of metal are torn from their supports, vast blocks of
stone are broken, and massive buildings are razed to the ground.

2280. The Aurora Borealis — the phenomenon uncxplained. —
No theory or hypothesis which has commanded general acceptation,
hag yet been suggested for the explanation of this meteor. All the
appearances 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 terrestrial 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 exten-
sive and exact series of observations which have been made in those
regions where the meteor has been scen with the most marked char-
acters and in the greatest splendour.

2281. General character of the meteor. — The aurora borealis is
3 luminous phenomenon, which appears in the heavens, and is scen
in high latitudes in both hemispheres. The term aurora borealis, or
northern lights, has been applied to it because the opportunities of
vitnessing it are, from the geographical character of the %lobe, much
more frequent in the northern than in the southern hemisphere.
The term aurora polaris would be a more proper desiguation.

'ﬂ:}s phenomenon consists of luminous rays of various colours,
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issuing from every direction, but converging to the same point, which
appear after sunset, generally toward the north, occasionally toward
the west, and sometimes, but rarely, toward the south. 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 illuminate the entire atmosphere.

The more conspicuous auroras commence to be formed soon after
the close of twilight. At first a dark mist or foggy cloud is per-
ceived 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 emanatious, 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 con-
flagration. 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, nevertheless, from time to time, sometimes on
one side of the heavens and sometimes on auother, 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 segments,
which are concentric, and scparated from each other by one dark
space, and from the earth by another. Sometimes, though rarely,
there is only one dark segment, which is symmetrically pierced
round its border by openings, through which light or fire is scen.

2282. Description of auroras seen in the polar regions Ly 3.
Lottin.— One of the most recent and exact descriptions of this
metcor is the following, supplied by M. Lottin, an officer of the
French navy, and 2 member of the Scientific Commission, sent some
years ago to the North Seas. Between Scptember, 1838, and A pril,
1839, this savant observed nearly 150 metcors 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,



ATMOSPHERIC ELECTRICITY. 87

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 presented 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 rest-
ing 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 coutracted; some-
times slowly, sometimes instantaneously; sometimes they would dart
out, increasing 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,
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 imme-
diately afterward ; and as soon as this wave of light had run succes-
sively over all the rays of the aurora from west to east, it would
return in the contrary direction to the point of its departure, pro-
ducing such an effect that it was impossible to say whether the rays
themselves were actually affected by a motion of translation in a direo-
tion nearly horizontal, or whether 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 appear-
ance of the undulations or folds of a ribbon or flag agitated 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, sometimes surpassing in splendour stars of the
first magnitade ; these rays would rapidly dart out, and curves would
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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 arrangement 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 cmerald; the brightness
would diminish, the colours disappear, and all be extinguished, some-
times suddenly, and sometimes by slow degrees. After this disap-
pearance, 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 ueedle 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 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 themselves 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 arrange-
ment, resembling the short curtains suspended one behind the other
over the scene of a theatre, and intended to represent the sky.
Sometimes the intervals between these bows diminish, and two or
more of them close upon each other, forming one large zone, travers-
ing the heavens, and disappearing toward the south, becoming rapidly
feeble after passing the zenith. But sometimes, 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 conve
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 per-
ceive 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 elliptical form; but
that does not always happen: it has been seen circular, the unequal



ATMOSPHERIC ELECTRICITY. 89

rays not extending to a greater 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 light 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 immense 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 and black as a pitchy
lake—and some idea, though an imperfect one, may be 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 minutes: 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 phenomenon being
to the south of the zenith, forming bows gradually paler, and gene-
rally disappearing before they reach the southern 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 fragments 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 heavens,
grouped like little clouds, and designated by the name of auroral
plates (plagues aurorales). Their milky light frequently undergoes
striking changes in its brightness, like motions of dilatation and con-
traction, 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
geoverally disappear altogether on the appearance of twilight. Some-
times, however, the aurora continues after the commencement of day-

Pig. 679.
8 *
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break, 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 becomes 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.

Fig. 680.

Fig. 68L.

Fig. 682.

Some of the appearances here described are represented in fiygs.
79, 680, 681, 682., copied from the memoir of M. Lottin.
There is great difficulty in detcrmining the exact height of the
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aurora borealis above the earth, and accordingly the opinions given
on this subject by different observers are widely discordant. Mairan
supposed the mean height to be 175 French leagues ; Bergman says
460, and Euler several thousand miles. From the comparison of a
namber of observations of an aurora that appeared in March, 1826,
made at different places in the north of England and south of Scot-
land, Dr. Dalton, in a paper presented to the Royal Society, com-
puted its heiibt to be about 100 miles. But a calculation of this
sort, in which it is of necessity supposed that the meteor is seen in
exactly the same place by the different observers, is subject to very
great uncertainty. The observations of Dr. Richardson, Franklin,
Hood, Parry, and others, seem to prove that the place of the aurora
is far within the limits of the atmosphere, and scarcely above the
region of the clouds; in fact, as the diurnal rotation of the earth
produces no change in its apparent position, it must necessarily par-
take of that motion, and consequently be regarded as an atmo-
spherical phenomenon.
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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, is a
lobular mass of matter, and one of an assemblage of bodies of like
%orm and analogous maguitude, which revolve in paths nearly circular
round a common centre, in which the sun, a globe having dimen-
sions vastly greater than all the others, is established, maintaining
physical order among them by his predominant attraction, and minis-
tering 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 luminary. With these
bodies, which seem to be scattered throughout the depths of im-
mensity without any discoverable limit, we acquire some acquaintance
by the mere powers of natural vision, aided by those of the under-
standing; 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 mathematical science, which may be considered as conferring
upon the wind the same sort of enlarged power as the telescope has
conferred upon the eye.

2285. Subject of astronomy — origin of the name.— The inves-
tigation of the magnitudes, distances, motions, local arrangements,
and, so far as it can be ascertained, the physical condition of these
great bodies composing the UNIVERSE, constitutes the subject of
that branch of science called ASTRONOMY, a term derived from the
Greek words aseyp (aster), a star (under which all the heavenly
bodies were included), and youos (nOmMOs), A LAW—the science which
expounds the LAWS which govern the motions of the sm;;).

(
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2286. It treats of inaccessible objects.—1It is evident, therefore,
that astronomy is distinguished from all other divisions of natural
science by this peculiarity, that the bodies which are the subjects of
observation and enquiry are all of them INACCESSIBLE. Even the
earth itself, which the astronomer regards as a celestial object — an

,—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 A8 A WHOLE—the only
way in which he desires to consider it,—and obliges him to resort to
s variety of indirect expedients to acquire that knowledge of its
dimensions, form, and motions, which, with regard to other and
more distant objects, results from direct and immediate observation.

2287. Hence arise peculiar methods of investigation and peculiar
instruments of observation. — This circumstance of having to deal
exclusively with inaccessible objects has obliged the astromomer to
invent peculiar modes of reasoning and peculiar instruments of ob-
servation, adapted to the solution of such problems, and to the dis-
covery of the necessary data. Much needless repetition will then
be saved by explaining once for all, with as much brevity as is com-
patible with clearness, the most important classes of those problems
which determine the circumstances of each particular celestial object,
and by describing the principal instruments of observation by which
the necessary data are obtained.

2288. Direction and bearing of visible objects. — The eye esti-
mates only the direction or relative bearings of objects within the
nange of vision, but Bupplies no direct means of determining their
distances from each other, or from the eye itself (1168, et seq.).

The absolute direction of a visible object is that of a straight line
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 tnaccessible objects. — By comparing the relative bear-
ings 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 observer, 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 ; so that, by starting in this manner from two objects
whose mutual distance can be actually measured, we may proceed,
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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 appa-
rent, therefore, that ANGULAR MAGNITUDE plays a most prominent
part in astronomical investigations, and it is, before all, necessary
that the student should be rendered familiar with it.

2291. Division of the circle—its nomenclature. — A circle is
divided into four equal arcs, called quadrants,
by two diameters AA' and BB’ intersecting
at right angles at the centre ¢, fig. 683.

The circumference being supposed to be
divided into 360 equal parts, each of which is
; called a DEGREE, a quadrant will consist of
© 90 degrees.

Angles are subdivided in the same manner
as the arcs which measure them ; and accord-
e ingly a right angle, such as A 0B, being divided
into 90 equal angles, each of these is a
Fig. 683. DEGREE.
If an angle or arc of one degree be divided
into 60 equal parts, each of these is called a MINUTE.

If an angle or arc of one minute be divided into 60 equal parts,
each such part is called a SECOND.

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

Degrees, minutes, and seconds, are usually expressed by the sigus,
°,’,"; thus, 25° 30/ 40"-9 means an angle or®arc which measures
25 degrees, 30 minutes, 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 8PACE, it will be more convenient to reserve these letters for
that purpose. Thus, 25* 30™ 40*9 expresses an interval of time
consis(;ing 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.—It is proved in geometry that the length of the entire cir-
cumference 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 ex-
pression, it will thercfore be sufficient for all practical 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 minute, and a sccond of a circle the length of
whose radius is expressed by », we shall therefore have the following
numerical relations between these several lengths : —
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60x s=m, 60xm=d, 3600x s =d,
3604 =06283r, 860x60xm=21600xm = 6283xr,
21600%60 x s = 1296000 xs — 6-283 r;
and from these may be deduced the following :
r=57-3xd=23843T7-8xm=206265x s.

By these formulme respectively the length of the radius may be
computed when the linear value of an arc of 1°, 1’,0r 1” is known.

In like manner, if the length of the radius » be given, the linear
value of an aro of 1°, 1', or 1” may be computed by the formulm

1
573 *= 506265 < "

2293. The linear and angular magnitude of an arc.—By the
linear magnitude of an arc is to be understood its actual length if
extended in a straight line, or the number expressing its length in
units of some known modulus of length, such as an inch, a foot, or
2 mile. By its angular magnitude is to be understood the anglo
formed by two lines or radii drawn to its extremities from the centre
of the circle of which it forms a part, or the number expressing the
magnitude of this angle in angular units of known value, as degrees,
minutes, and seconds.

2294. Of the three following quantities,—the linear value of an
arc, its angular value, and the length of the radius,—any tiwco being
given, the third may be computed.— Let o express the angular and a
the linear value of the arc, and 7 the radius.

1° Leta and a be given to compute ». By dividing a by a we
shall find the linear value of 1°,1’,0r 1", according as a is expressed
‘n degrees, minutes or seconds, and » may then be computed by
'2292). Thus, according to the angular units in which a is ex-
wessed, we shall have

r=— x 578 = — x 34378 =— x 206265.
a a -]

d= X 1 Mm=_——=Xr,

2°, Let a and r be given to compute a. By (2292) the linear
values of 1°, 1’, or 1’ may be computed, since » is given, and by
dividing @ by one or other of these values a will be found : thus we
shall have
a a " a

Go = —‘-———, G' p—ri 3 ’ & = —'_—.
373X 7T 3T378 X T 208285 X7
3°. Let o and 7 be given to compute a. By (2292), as before,
the linear values of 1°, 1’ or 1" may be found, and by multiplying
one or other of these by a the value of a will be obtained. Thus

we shall have
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1 o 1 X rxd= 1
¢=g73 < TX = 3mre™ "X 36265
2995, The arc, the chord, and the sine may be considered as

equal when the angle is small. —1f AcB, fig. 684, be the angle,
A B the arc, and AC = B the radius, a line AD drawn from one
cxtremity of the arc perpendicular to the radius ¢ B, which passes
through the other extremity of the arc, is called
c its sine; and the straight line A B joining the
extremities of the arc is called its chord.

It will be evident by merely drawing the
diagram with a gradually decreasing angle,
that the thrce lengths, the sine A, the chord
A B, and the arc A B, will approach to equality
as the arc diminishes. Even where the arc is
go large as 30°, it does not exceed the length
of the chord by more than three-tenths of a
degree; aud therefore, for all angles less than
this, the chord and arc may be considered as
equal where the most extreme precision is not
required.

n like manner, if the angle AcB be 15°,
the sine A D will be less than the arc by only
two-tenths of a degree, that is, by the 75th
part of the entire length of the arc. In all cases,

Fig. 684. therefore, where greater precision than this is
not required, the sinc A D, the chord, and the
arc may be considered for such angles as interchangeable.

When the angles are so small as a degree or two, these quantities
may for all practical purposes be considered to be equal.

2296. To ascertain the distance of an

o tnaccessible object from two accessible sta-

tions. — This, which is a problem of the
highest importance, being in fact the basis
of all the knowledge we possess of the dis-
tances, dimensions, and motions of the
great bodies of the universe, admits of easy

solution.
Let s and &', fig. 685, be the two stations,
’ and o the object of observation; and let

the visual angles subtended by 0 and & at
s g 8,and by oand s at &, be observed, and
the distance 8 8’ measured.
Fig. 685. Take a line s8¢, cousisting of as many
- inches as there are miles in 86', and draw
two lines so and ¢ o from s and ¢, making with s¢ the same

X rxa”.
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angles as 80 and &' 0 are ascertained by observation to make with
55. In that case the triangle so &' will be in all respects similar to
the triangle 8 0 &/, only drawn on a smaller scale, an inch in any of
its sides corresponding to a mile in one of the sides of the great
triangle s 0 8’.  If the sides s 0 and # o be therefore measured, th
will consist of as many inches as there are miles in the correspond-
ing sides 8 0 and 8’ 0 of the great triangle. Now, sinco the small
trangle is always accessible to direct measurement, and as the
relation of its scale to that of the great triangle is known, the
magnitude of the sides of the great triangle may be ascertained.
Without being identical in its actual getails with the process by
which this problem is solved, the preceding reasoning is the same in
principle and spirit. Trigonometrical tables supply much more
accurate means of determining the proportion of the sides of tho
triangle, but such tables are nothing more than the arithmetical
representation of sach diagrams as fig. 685.
2297. Case tn which the distance of the object s great relatively
0 the distance between the stations. — If in this case the stations be
8o selected with reference to the object that the
° directions of the object as seen from them shall form
angles with the line joining the stations which shall
be equal or nearly so, this latter line may be consi-
dered as the chord of the arc described, with the
object a8 a centre and the distance as a radius; and
if the direction of the object from either station be
_at right angles to the line joining the stations, this
latter line may be considered as the sine of the are.
In either case, the distance of the object bearing a
high ratio to the distance between the stations, the
angle formed by the two directions of the object, as
seen from the stations, will be so small that the
chord or sine may be considered as equal to the are,
and the solution of the problem will be simplified by
the principles established in (2295).
Let 8 and &, fig. 686, be the stations, and o the
object; under the conditions supposed, the angle o
will necessarily be small. Its magnitude may be
ascertained by measuring the visual angles o 8 &
s = and 05’ 8; which may be done, since both stations s
and & are accessible, and each of them is visible
Fig. 686. from the other. By a well-known principle esta-
blished in elementary %eometry, the three angles of
every triangle added together make 180°. If, therefore, the sum
of the two observed angles at 8 and &' be subtracted from 180°, the
remainder will be the angle 0. Now if this angle be expressed by
s in seconds, we shall have (2294)
i 8 9
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2298. Given the apparent distance between two distant objects,
such distance being at right angles, or nearly so, to their visual
directions, and their distance from the observers, to find the actual
distance between them. — This problem is only a particular applica-
tion of the general principle explained in (2294), a being the
apparent distance of the objects, a the real distance between them,
and 7 their distance from the observer.

This method may be applied without practical error, if the
apparent distance between the objects be not greater than two or
three degrees, and it may be used as a rough approximation in cases
where the apparent distance is even so great as 30°. When the
appsrent distance amounts to so much as 60°, the actual distance
computed in this way will not exceed the true distance by more than
a 24th part of its whole amount; for the chord of 60° is equal to
the radius, and therefore to an arc of 57°-3, being less than the are
by only 2°-7, or about a 24th part of its length.

2299. Given the apparent diameter of a spherical object and its
distance from the observer, to find its real diameter. — This is also
a purticular application of the general problem (2294), a being the
apparent diameter and r the distance, and in all cases which occur
in astronomy the apparent diameters are so small that the results
of the computation may be considered as perfectly exact.

2300. Methods of ascertaining the direction of a visible and
distant object. — It might appear an easy matter to observe the
exact direction of any point placed within the range of vision, sinoce
that direction must be that of a straight line passing directly from
the eye of the observer to the point to bé observed. if the eye were
supplied with the appendages necessary to record and measure the
directions of visible objects, this would be true, and the organ of
gight would be in fact a philosophical instrument. The eye is, how-
ever, adapted to other and different uses, and constructed to play a
different part in the animal economy; and invention has been stim-
ulated to supply expedients, by means of which the exact dircctions
of visible distant points can be ascertained, observed, and compared
one with another, 80 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 SsIGHTS,
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 avterior
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opening. Every one is rendered familiar with this expedient, by its
application to fire-arms as a method of « taking aim.”

This contrivance is, however, too rude and susceptible of error
withio too wide limits, to be available for astronomical purposes.

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

If v 7, fig. 687, represent the tube of a telescope, T the ex-

’
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Fig. 687.

tremity in which the object-glass is fixed, and T’ 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 & ¢ drawn
from the image of such object, formed in the field of view of the
telescope, to the centre ¢ of the object-glass; for if this line be con-
tinued it will pass through the object s.

But since the field og view of the telescope is a circular space
of definite extent, within which many objects in different directions
may at the same time be visible, some expedient is necessary,
by which one or more fixed points in it may be permanently marked,
or by which the entire field may be spaced out as a map is by .the
lines of latitude and 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, so
that they appear when seen through the eye-glass like fine lines
drawn across the field of view. They are differently arranged, accord-
ing to the sort of observation to which the instrument is to be applied.

2303. Line of collimation. —In some cases two wires intersect
at right angles at the centre of the field of view, dividing it into
quadrants, as represented in fig. 683. The wires are so adjusted
that their point of intersection ¢ coincides with the axis of the
telescope 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 & ¢, fig. 687, joining the intersection o,
fig. 683, of the wires with the centre c, fig. 687, of the object-glass.

The line & ¢, fig. 687, is technically called the line of collimation.

2304. Application of the telescope to a graduated instrument. —
The telescope thus prepared is attached to a graduated instrument
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by which angular magnitudes can be observed and measured. Such
instruments vary infinitely in form, magnitude, and mode of mount-
ing and adjustment, according to the purposes to which they are
applied, and to the degree of precision necessary in the observations
to be made with them. To explain and illustrate the general prin-
ciples on which they are constructed, we shall take the example of
one, which consists of a complete circle graduated in the usual
manner, being the most common form of instrument used in as-
tronomy for the measurement of angular distances.

Such an apparatus is represented in fig. 688. The circle ABCD,

Fig. 688.

on which the divisions of the graduation are accurately engraved,
is connected with its centre by a series of spokes z y z. 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 A B ¢ p. To this axle the telescope a b is attached in such a
manner that the imaginary line & ¢, fig. 687, which joins the in-
tersection of the wires, fig. 683, 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 n shall turn also,
always preserving their direction at right angles to the tube. Marks
or indices are cngraved 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 telescope,
being brought to any desired position, can be fixed immoveably 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 directions of
two distant objects within the range of vision is required to be
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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 di-
rected 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, isdirected. This processis 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 be-
tween the numbers which indicate the position of the same index
in both cases, will evidently be the visual angle under the direc-
tions of the two objects.

As a means of further accuracy, both the indices m and n 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

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 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 aro which passes before the index.

Such a combination is represented in section in fig. 689 where

Fig. 689.

T i8 the telescope, p the pieces by which it is attached to the circle
A B seen edgewise, the axis of which D works in a solid block of
metal. The fixed index ¥ is directed to the graduated limb which *
moves before it.

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

2305. Expedients for measuring the fraction of a division.—
It will bappen in general that the index will be directed, not to any
exact division, but to some point intermediate between two divi-
sions of the limb. In that case exge:iients are provided by which
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the fraction of a degree between the index, and the last divisiom
which it has passed, may be ascertained with an extraordinary de-
of precision.

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

2807. By a compound microscope, and ms-
crometric screw. — The same object may, how-
ever, be attained with far greater accuracy by
means of a compound microscope mounted
as represented in fig. 690, so that the ob-
server looks at the index through it. A
gystem 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
with the interscction of the wires. The

Fig. 690. 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 frae-

tion of a turn of the screw will give the fraction of a degree be-
tween 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 18 moved from one
division to the adjacent ome. 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 ascer-
tained are s0 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 deter-
mined by various forms of micrometric instruments, in which fine
wires, or lines of spider’s web, are moved in a direction perpendie-
ular to their length, 80 as to pass successively through the points
whose distanoe is to be observed.

2309. The parallel wire micrometer.— One of the forms of mi-
crometric apparatus used for this purpose is represented in trans-
verse section in fig. 691. This, which is called the PARALLEL
WIRE MICROMETER, consists of two sliding frames across which the
E:rallel wires or threads o and D are stretched. These frames are

th moved in a direction perpendicular to that of the wires by |
screws, constructed with very fine threads, and called from their use
MICROMETER S8CREWS. This frame is placed in the focus of the
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object-glam of the telescope, so that the eye viewing the objects
under observation sees also distinctly the parallel and moveable

Fig. 691.

wires. These wires are moved by the screws until they pass through
the points whose distance asunder is to be measured. This being
aocomplished, one of them is moved until it ooincides with the
other, and the number of turns and parts of a turn of the screw
Decessary 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
E’:viously ascertained, and this is done by a process precisely simi-

to that explained in the former case. An object of known
angular magnitude, as, for example, a footrule at the distance of a
bhundred yards, is observed, and the number of turns neeeesg
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 measured by
such an apparatus. To accomplish this the screws are turned until
the wires ¢ and D, fig. 691, 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 2 turn gives
the apparent magnitude.

CHAP. I
THE GENERAL ROTUNDITY AND DIMENSIONS OF THE EARTH
2311. The earth a station from which the universe 13 observed.

—The earth is, in various points of view, an interesting object of
mientific investigation. The naturalist regards it as the habitatior
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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 maintenance 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 de-
tails, regards it as a whole, examines its form, investigates its mo-
tions, measures its magnitude, and, above all, considers it as th-
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 1its form, dimensions, and motions.
— But since the apparent magnitudes, motions, and relative ar-
rangement 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 observer on that station,
it is most necessary to ascertain with all attainable accuracy the di-
mensions of the earth, which is the station of the astronomical
observer, its form, and the changes of position in relation to sur-
rounding objects to which it is subject.

2813. Form globular. — The first impression produced by the
aspect presented by the surface of the earth is that of a vast indefi-
nite plane surface, broken only by the accidents of the ground on
land, such as hills and mountains, and by the more mutable forms
due to the agitation of the fluid mass on the sca. Even this de-
parture 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
continenta.

This first impression is soon shown to be fallacious; and it is
easily demonstrated that the immediate indications of the unaided
sense of vision, such as they are, are loosely and incorrectly inter-
preted, 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
wore really a plane, let several stakes or posts, of equal height, be
erected along the same straight line, and at equal distances, say a
mile apart. Let these stakes be represented by 8 s, 8’ #, 8” &', &e.,
Jig. 692, and let a stake of equal height 0o be erected at the sta-
tion of the observer. Now, if the surface were a plane, it is evi-
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dent that the points s, ¢, &’, &c. must appear to an eye placed at o
in the same visual line, and would each be visible through a tube

I —

directed at o parallel to the surface 0 8. But such will not be found
to be the case. When the tube is direoted to s, all the succeedin
points ¢, &, &c. will be below its direction. If it be directed to ¢,
the point s will be above, and s” and all the succeeding points will
be below its direction. In like manner, if it be directed to s”, the
preceding points s and ¢ will be above, and the succeeding points
below its direction. In effect it will appear as though each sueceed-
ing stake were a little shorter than the preceding one. But as the
stakes are all precisely equal, it must be inferred that the suocessive
points of the suxface 8, 8, 87, 8", &c. are relatively lower than the
station 0. Nor will the effects be explained by the supposition that
the surface 0 8 8’ 8", &o., is a descending but still a plane surface,
because in that case the points s, ¢, &, 24: must still be in the samo
visual line directed from o. It therefore follows that the surface in
the direction o 8'8” 8", &ec. is not plane but curved, as represented
in fig. 693, where the visual lines are in obvious accordance with
the actual appearances as above explained.

Fig. 698,

Now since these effects are found to prevail in every directios
around the point of observation o, it follows that the curvature of
the surface prevails all around that point; and since the extent of
the depression of the points 8, &, 8”, &o. at equal distances from o,
are equal in every direction around o, it follows that the curvature
is in every direction sensibly uniform around that point.

But by shifting the centre of observation 0, and making similar
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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 cen-
tres of observation is the same.

Hence we infer that the surface of the earth, as observed directly
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 curvature exists sufficiently
considerable to be discovered by this method.

But the only form of a solid body which has a surface of uniform
ourvature is a sphere or globe, and it is therefore established that
such is the form of the earth.

2314. 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 departure, hav-
ing 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. — But the most striking
and couclusive corroboration of the inference just made, and indeed
s phenomenon which alone would demonstrate the form of the
earth, is that which is exhibited in lunar eclipses. These appear-
ances, which are so frequently witnessed, are caused by the earth
coming between the sun and the moon, so a8 to castits shadow upon
the latter. Now the form of that shadow is always preciscly that
which one globe would project upon another. The phenomenon
thus at once establishes not only the globular form of the earth,
but that of the moon also.

2316. Various effects indicating the earth’s rotundity. — The
rotundity of the earth being once admitted, a multitude of its con-
sequences and effects present themselves, which supply corroborative
evidence of that important proposition.

When a ship sails from tge observer, the first part which should
ceage to be visible, if the earth was a plane, would be the 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 gradually shorter, ap-
pearing to sink in the water as the vessel recedes from the eye.

These appearances are the obvious consequences of the gradual
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. 694.
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If the observer take a more elevated position, the same succession
of phenomena will be presented, only greater distances will bo

Fig. 694.

necessary to produce the same degree of apparent sinking 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 the peak 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 long after sunset in
the valleys.

An aeronaut ascending after sunset has witnessed the sun to re-
appear with all the effects of sunrise. On descending, he witnessed
a second sunset.

2317. Dimensions of the earth. — Method of measuring a de-
gree. — Having thus ascertained that the form of the carth is a
globe, it now remains to discover its magnitude, or what is the same,
its diameter.

For this purpose it will be necessary 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 degree.

Let p and p/, fig. 695, represent two places upon the earth’s
sarface, distant from each other from 60 to 100 miles, and let o be the
centre of the earth. Now, let us suppose 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 c,
the centre of the earth.

The visual angle under the directions of these stars s and & at p/
is 8 p’ ¢, and at ¢ is s04. But, owing to the insignificant proportion
which the distances pp’ and pc bear to the distances of the stars
(as will be made evident hercafter), the visual angle of the stars,
whether seen from p or c, will be the same. If, then, this visual
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angle at g be measured, as it may be with the
greatest precison, we may consider it as the magni-
tude of the angle pcp'.

Let the actual distance D, between the places, p
and p/, be measured or ascertained by the process of
surveying, and the number of seconds in the observed
angle sp’' & be cxpressed by a. If d express the dis-
tance of two points on the earth which would subtend
at the centre ¢ an angle of 1°, we shall then bave—

6:3600::p:d =D x ?E@,
a
since the number of seconds in a degree is 3600
(2292).

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

It will therefore be easy to remember that the
length of a degree 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 3600th part of a degree, it follows
also that the length of a second is an hundred feet
very nearly, a measure also easily remembered.

2320. Change of direction of the plumb-line in
passing over a given direction.— 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 attrac-
tion), its change of direction, in passing from any one
place to any other, may be always found by allowing
1" for every hundred feet in the direct line joining

the places, or still more exactly by allowing 865,000 feet for cvery
degree, and a proportional part of this length for every fraction of
a degree between the places.

2321. To find the earth’s diameter.— Nothing can be more easy,
-ufter what has been stated, than the solution of the problem to deter-
mine the earth’s diameter. By what has been explained (2294),
if r cxpress the radius or semidiameter of the earth c p, a the arc
pp' of the earth’s surface between the two places, and o the angle
p cp', we shall have —

206265
X .

”
]
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If the distance a be one degree, this will become —

v =3g—ggg'i x 206265 = 20,912,079,
or very nurm 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 extreme arithmetical
preeision) 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 cal-
culation. It would not be easy to find, for example, any two suffi-
ciently 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 tfe purpose by observing the extent
of their departure from the vertical direction. Neither is it neces-
sary 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.

2322. Superficial inequalities of the earth relatively insignifi-
cant. — It is by comparison alone that we can acquire any clear or
definite notions of distances and magnitudes which do 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 in which we have immediate and actual ac-
quaintance, 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 dimen-
sions, the same expedient suffices to acquire notions of them. Ip
Astronomy, having to deal with magnitudes exceeding in enormous
proportions those of all objects, even the most stupendous, whick™
are so approachable as to afford means of direot sensible observa.
tion, we are inocessantly obliged to have recourse to such comparisons
in order to give some degree of clearness to our ideas, since without
them our 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 {mragmphs.

When it is stated that the earth is a globe, the first objection
which will be raised by the uninformed student is that the conti-

nents, islands, and tracts of land with which it is covered are
marked by considerable inequalities of level ; that mountains 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 bottam of them is known to bo subject to inequalities

m. 10
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analogous in character, and not less in depth than those which pre-
vail on the land. Since, then, it is the characteristic property of a
globe that all points on its surface are equally distant from itq centre,
how, it may be demanded, can a mass of matter, g0 unequal in its
surface as the earth is, be a globe ?

It may be conceded 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 superficial inequalities just adverted to.

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

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, ropresents 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 repre-
sented by a leaf of paper pasted upon the surface, having the thickness
of less than the fiftieth of an inch ; and a depression of little greater
amount would express the depth of the general bed of the sea.

It will therefore be apparent, that the departure of such a model
from the true form of a globe would be in all, save a strictly geomet-
rical sense, absolutely insignificant.

2323. Relative dvmensions of the atmosphere.— The surface of
the carth is covered by an ocean of air, which floats upon it as the
waters of the seas rest upon their solid bed. The density of this
fluid is greatest in the stratum which is in immediate coutact 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 atmo-
sphere is included in the strata whose height is within 34 miles of
the surface. At an altitude of 80 miles, or the hundredth part of
the earth’s diameter, the rarefaction must be 8o extreme, that neither
avimal life nor combustion could be maintained.

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

2224. If the earth moved, how could its motion be perceived £—
Having thus ascertained, in a rough way, the form and dimensions
of the earth, let us consider the question of its rest or mobility.

Nothing is more repugnant to the first impressions received 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 philosophers, 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 maintained, and maintained
truly, that every thing upon the earth, so far as the agency of ex-
ternal canses is concerned, is at relative rest. Hills, mountains,
and valleys, oceans, seas, and rivers, as well as all artificial structures,
are in relative repose; and if our observation did not extend to
objects exterior to the globe, the popular maxim would be indispu-
table. But the astronomer contemplates objects which either esca
the attention of, or 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 with 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
bas 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 a 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
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
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stratum of the air in which it is suspended, the feeling of the aero-
paut 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 consciousness whatever of motion.
‘When however his eyes, unban , are turned downwards, he sees
the vast diorama below moving under him. Fields and woods, vil-
lages and towns, pass in succession, and the phenomena are such as
to impress on the eye, and through the eye upon the mind, the con-
viction that the balloon is stationary, and the earth moving under it.
A ocrtain effort of the understanding, slight, it is true, but still an
effort, is required to arrive at the inference that the impression thus
produced on the sense of vision is an illusion, that the motion with
which the landscape seems to be affected is one which in reality
affects the balloon in which the spectator is suspended, and that thig
motion is equal in speed, and contrary in direction, 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 sen-
sitive being tpon 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 &

lass to the brim as easily as if he were upon the solid ground.

upposing, then, that the earth were affected by any motion in which
all objects upon it, including the waters of the ocean, the atmo-
sphere, 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 olear that he must remain for
ever unconscious of it, unless he could find within the range of his
vision some objects which, not partaking of the motion, would
appear to have a 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, will impart to all
these distant objects the appearance of a motion 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 are absolutely identified, whether
the upparent motion observed is produced by a real motion in the
observer, or a real motion in the object observed, it is necessary to
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ek for evidence ; either that the object observed cannot have the
real motion which would produce the phenomena, or that the station
of the observer has it. But before engaging in this question, it is
Decessary, first, to obtain a clear and definite knowledge of what the
apparent motion in question is; secondly, 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 object
depends on the direction of the visual line drawn from the observer
to such object, and since. while the object remains stationary the
direction of this visual line is changed with every change of position
of the observer, such change of position produces necessarily a dis-
placement 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 PARALLAX.

It follows that & distant object seen by two observers at different
places on the earth is seen in different directions, so that its appa-
rent place in the firmament will be different. It would therefore
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 hereafter, that even the greatest difference
of position which can exist between observers on the earth’s surface
is so small compared even with the nearest bodies to the earth, that
the apparent displacement, or PARALLAX, thus produced is very
small ; while for the most numerous of celestial objects, the stars,
it is absolutely inappreciable by the most refined meaus 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.

2326. Apparent and true place of an object. — Diurnal pa-
rallax. — When an object is within such a limit of distance as
would cause a sewsible displacement to be produced when it is
viewed from different parts of the earth’s surface, it is convenient,
in registering its apparent position at any given time, to adopt some
fixed station from which it is supposed to be observed. The station
selected by astronomers for this purpose is the centre of the earth.
The direction in which an object would be seed 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 trans{ea :f the observer from the centre
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to the surface or wice versd, or, what is the same, the difference

between the true and apparent places, is called the DPIURNAL
PARALLAX.

In fig. 690, let C represent the centre of the earth, P a place of
observation on its surface, 0 an object seen in the zenith of », o’

? v]e
//9
."/

-

Fig. 696.

the same object scen at the zenith distance o P o', and 0” the same
object scen in the horizon.

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

But if the object be at o', then the apparent direction is » o’,
while the true direction is ¢ o/, and the apparent place of the object
will be o, while its true place will be ¢; and the diurnal parallax
corresponding to the zenith distance o P o will be ¢ a’, or the angle
¢ o' a”, which is equal to P 0’ C.

As the object is more remote from the zenith the parallax is aug-
mented, because the semidiameter ¢ P of the earth, which passes
through the place of observation, is more and more nearly at right
angles to the directions ¢ o’ and P 0'.

2327. Horizontal parallax. — When the object is in the horizon,
as at 0”, the diurnal parallax becomes greatest, and is called the
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HORTZONTAL PARALLAX. It is the angle P 0” ¢ which the semi-
diameter of the earth subtends at the object.

If z express the zenith distance, or the angle Pco’, a linecn
drawn from c at right angles to P o' n will be expressed by z x X
sin. Z, r being the semidiameter ¢ P of the earth. If D express the
distance of t%e object o', and & the parallactic angle p o’ 0, which
is always very small, we shall have, by the principle explained in
(2294):

3" = 206265” X sin. z x %,
the parallax being expressed in seconds.

If the object be in the horizon as at ¢”’, we shall have z = 90°,
and therefore

~MN ___ re L
& =206265" x >

2328. Given the horizontal parallax and the earth’s semidi-
ameler, to compute the distance of the object.—It is evident that this
important problem can be solved by the preceding formulse; for we

e (29D 206265
D=—0j Xr.

CHAP. III
APPARENT FORM AND MOTION OF THE FIRMAMENT.

2329. Aspect of the firmament. —If we cxamine the heavens
with attention on clear starlight nights, we shall soon be struck with
the fact, that the brilliant objects seattered over them in such incal-
culable 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 map 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 present we need not concern oursclves.

2330. The celestial hemisphere. — The impression produced upon
the sight by these objects is that they are at a vast distance, but all
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at the same distance. They seem as though they were attached in
fixed and unalterable positions upon the surface of a vast hemi-
sphere, 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 zenith.— This plane, extended indefinitely
around the observer, meets the celestial hemisphere in a circle which
is called the Horizon, from the Greek word Spulecr ghorizein), to
terminate or bound, being the boundary or limit of the visible
heavens.

The centre point of the visible hemisphere —that point which is
perpendicularly above the observer, and to which a plumb-line sus-
pended at rest would be directed — is called the ZEN1TH.

2332. Apparent rotation of the firmament.— A few hours’ at-
tentive contemplation of the firmament at night will enable any
common observer to perceive, that although the stars are, relatively
to each other, fixed, the hemisphere, as a whole, is in motion.
Looking at the zenith, constellation after constellation will appear
to pass across it, having risen in an oblique direction from the hori-
zon at one side, and, after passing the zenith, descending on the
other side to the horizon, in a direction similarly oblique. Still
more careful and longer continued observation, and a comparison, so
far as can be made by the eye, of the different directions succes-
sively assumed by the same object, creates a suspicion, which every
additional observation strengthens, that the celestial vault has a
motion of slow and uniform rotation round a certain diameter as an
axis, carrying with it all the objects visible upon it, without in the
least deranging their relative positions or disturbing their arrange-
ment.

Such an impression, if well founded, would involve, as a neces-
sary 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 points 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 star 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
same direction, — so far at least as the eye, unaided by more accu-
rate means of observation, can determine.

The place of this star is called the PoLE, and the star is called
the PoLE STAR.
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2334. Rotation proved by tnstrumental observation. — Mere
visual observation, however, can at most only supply grounds for
probable conjecture, either as to the rotation of the sphere, or the
position of its pole, if sach rotation take place. To verify this con-
jecture, to determine with certainty whether the motion of the

here be one of rotation, and if so, to ascertain with precision the
aecﬁon of the axis round which this rotation takes place, its velo-
city, and, in fine, whether it be uniform or variable, — are problems
of the highest importance, but which are altogether beyond the
powers of mere visual observation, unaided by instruments of pre-
cisiou.

2335. Exact direction of the axis and position of the pole. —
Buppose a telescope of low magnifying power, supplied with micro-
metric wires (2302), to be directed to the pole star, o that the star
may be seen exactly upon the intersection of the middle wires. If
this star were precisely at the extremity of the axis of the hemi-
sphere, or at the pole, it would remain permanently at the intersec-
tion 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. It will appear to move in a small
circle, the diameter of which is about three degrees. The telescope
may be 8o adjusted that the star will move in a circle round the in-
tersection of the middle wires as a centre; and in that case the
poiot marked by the intersection of the middle wires is the true
position of the PoLE, round which the pole star is carried in a circle,
at the distance of about 1§°, by the rotation of the sphere.

2336. Equatorial instrument. — The exact direction of the axis
of the celestial sphere being thus ascertained, it is possible to con-
struct an apparatus which shall be capable of revolving upon a fixed
axis, the direction of which shall coincide with that of the sphere;
s0 that if a telescope were fixed in the direction 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
50 mounted that it may be placed with its line of collimation at any
desired angle with the axis, and let a properly graduated arc be pro-
vided, by which the magnitude of this angle may be measured with
all practical precision.

Thus, let A A, fig. 697, represent the direction of the axis on
which the instrument is made to revolve. The line A 4/, if con-
tinued to the firmament, would pass through the pole p. Let co
represent 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 which the telescope
cn turn. Let NoN bea gmﬁuated aro, to which the telescope is
sttached at 0, and which turns with the telescope round the axis
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A A'. When the telescope, being fixed at any proposed angle oca’
with the axis, is turned round A A’, the line of collimation describes
a cone of which ¢ is the vertex and c A’ the axis, and the extremity
0 describes an are 0 0’ of a circle at a distance from N’ measured by
the angle 00 4’.

If the line of collimation ¢ 0 or c 0’ be imagined to be continued
to the heavens, it will describe, as the telescope revolves, a circle
00 on the firmament corresponding to the circle 0 o', and at the
same angular distance o p, o’ p from the celestial pole p as the end o

Fig. 697.

or o of the line of collimation of the telescope is from N’ or A’. In
short, the angle 0 0 N’ equally measures the two arcs, the ocelestial
arc op and the instrumental arc o N'.

The instrument thus described in its principle is one of the 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 A A', corresponding with the rotation of the celestial

here.

'POne of the many mechanical arrangements by which this may be
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effected is represented in fig. 698, 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. The

Fig. 698.

telescope 0 D turns upon a joint at the centre, so that diffwrent di-
rections, such as ¢ D, ¢” D", may be given to it. The motion upon
its axis is imparted to it by wheel-work E L K, 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 firmament
really has a motion of apparent rotation with a velocity rigorously
uniform round the axis, let the telescope be first directed to any star,
o, fig. 697, 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 c N’ or the arc 0 N’ will express the ap-
parent 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 rotation of the firmament),
through any proposed angle, say 90°, and let it be fixed in that po-
sition. The firmament will follow it, and after a certain intervai
the same star will be seen upon the intersection of the wires; and
in the same manner, whatever be the change of position of the in-
strument upon its axis, provided the direction of the telescope upon
the arc o N’, fig. 697, 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 ob-
served is carried in a circle round the heavens, always at the same
distance, o p, from the celestial pole. )

The same observations being made with a like result upon every
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star to which the telescope is directed, it follows that the motion of
the firmament is such that all objects upon it describe circles at right
angles to its axis, each object always remaining at the same distance
from the pole.

This is precisely the effect which would be produced by the rota-
tion of the heavens round an axis directed to the pole from the place
of the observer.

But it remains to ascertain’ the time of rotation, and whether 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 following 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

23b. 56m- 4-09e.

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

To prove that not only every complete revolution is performed 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 23b- 56=- 4-09s-;
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
238 56m- 4-09*, as the angle bears to 3G0°.

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
3m. 5591 less than twenty-four hours, or a common day. The
cause of this difference will be explained hereafter.

2338. Sidereal time. — The time of one complete revolution of
the firmament is called a sIDEREAL DAY. This interval is divided,
like a common day, into 24 hours, each hour into 60 minutes, and
each minute into 60 seconds.

Sinee in 24 sidercal hours the sphere turns through 360°, and
since its motion is rigorously uniform, it turns 15° in a sidereal
hour, and through 1° in four sidercal minutes.
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2339. The same apparent motion observed by day. —It may be
objected that although this description of the movement of the
beavens accords with the appearances 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 sufficient 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 scen appear to be carried
round by the same motion of the firmament, which is so much
n;ml;e conspicuously manifested in the absence of the sun and at
mght.

2340. Certain fixed points and circles necessary to express the
position of objects on the heavens.— It will greatly contribute 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 certain fixed points, lines,
and circles of the celestial sphere, by reference to which the posi-
tion of objects upon it are expressed. Without incumbering him
with a2 more complex nomenclature than is indispensably neccssary
for this purpose, we shall therefore 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 indefinitely
both upwards and downwards, it will mect the visible hemisphere
at its vertex, the ZENITH, and the invisible hemisphere, which is
l&nder the plane of the horizon, at a corresponding point called the

ADIR.

If a plane be supposed to pass through the place of the ob-
server and the zenith, it will meet the celestial surface in a series
of points, forming a circle at right angles to the horizon. Such a
circle is called a VERTICAL CIRCLE, or, shortly, a VERTICAL.

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

The vertical circles, therefore, all lintersecﬁng at the zenith as a

. 1
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common point, divido 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 MERIDIAN.

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.

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 reference.

2843. Cardinal points. — The meridian and prime vertical di-
vide the horizon at four points, equally distant, and therefore sepa-
rated by arcs of 90°. These points are called the CARDINAL
PoINTS. Those formed by the intersection of the meridian with
the horizon are called the NorTH and SouTH points, that which is
nearest to the visible pole in the northern hemisphere being the
north. Those formed%oy the intersection of the prime vertical with
the horigon 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.

2344. The azimuth. — The direction of an object, whether terres-
trial or celestial, in reference to the cardinal points, or to the plane
of the meridian, is called its AziMuTH. Thus it is said to have so
many degrees of azimuth east or west, according as the vertical circle,
whose pﬂne passes through it, forms that angle east or west of the
plane of the meridian.

2345. Zenith distance and altitude. —1It is always possible to
conceive a vertical circle which shall pass through any proposed
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 the 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 between 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
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which will divide the sphere into two hemispheres, at the vertex of
ove 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. 699, where 0 is the

n
' 4

FPig. 699.

place of the observer, z the zenith, p the pole, sZPN the visible,
and 8p z N the invisible balf of the meridian ; 8 E N W is the horizon
seen {} projection as an oval, being, however, really a cirole ; N and
8 are the north and south, and E and W the east and west cardinal
points. The points of the several circles which are below the horizon
are distinguished by dotted lines. The celestial equator is repre-
sented at & Q, and the prime vertical at z W E z, both being looked
at edgewise.

A plane N, drawn through the north cardinal point [and parallel
to the celestial equator], cuts off a portion of the sphere, having the
visible pole P at 1ts centre, all of which is above the horizon; and a
corresponding plane, 83, 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 Pop through the
poles as a fixed axis, making one complete revolution, and in such a
direction that it will pass over an observer at 0, looking 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) 8E N, of the horizon, and set
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upon the western half, s w N. The objects which are nearer to the
visible pole P than the circle n N never set; and those which are
nearer to the invisible pole p than the circle 8 s never rise. Those
which are between the equator £ Q and the circle n N are longer
above the horizon than below it; and those which are between the
equator &£ Q and the circle 8 s are longer below the horizon than
above it. Objects, in fine, which are upon the equator are equal
times above and below the horizon.

When an object rises, it gradually increases its altitude until it
reaches the meridian. It then begins to descend, and continues to
descend until it sets.

CHAP. 1V.
DIURNAL ROTATION OF THE EARTH.

2348. Apparent diurnal rotation of the heavens—1its possible
causes.— The apparent diurnal rotation of the celestial sphere bein
such as has been explained, it remains to determine what is the
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 velocity 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 inadmis-
sible. — 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 cha-
racter of the alternative which the apparent diurnal rotation of the
heavens imposed upon them, and accordingly embraced the hypo-
thesis, which now appears so monstrous, and which is implied in the
term UNIVERSE,* which they have bequeathed to us.

It is true that, owing to the imperfect knowledge which prevailed
as to the real magnitudes 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. Nevertheless, in any view

* Uxus, one, and VERSUM, turning, or rotation, — turning with one com-
mon motion of rotation.
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of it, and even with the most imperfeot knowledge, the hypothesis
which required the admission that the myriads of bodies which
sppear upon the firmament should have, besides the proper mo-
tions 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 marvellously 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 appa-
rent diurnal rotation of the firmament, ought to have raised serious
dificalties and doubts.

But with the knowledge which has been obtained by the labours
of modern astronomers respecting the enormous magnitudes of the
principal bodies of the physical universe, magnitudes compared with
which that of the globe of the earth dwindles to a mere point, and
their distanoes, under the expression 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 hypo-
thesis of the immobility of the earth, and the diurnal rotation of the
countless orbs, of magnitudes so inconeeivable filling the immensity
of space once every twenty-four hours round this grain of matter
composing 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 fround for hesitation in the rejection of this
hypothesis existed, all doubt would be removed by the simplicity
and intrinsic probability of the only other physical cause which can
produce the phenomena. The rotation of the globe of the earth
apon an axis passing through its poles, with an uniform motion from
west to east once in twenty-four hours, is a supposition against which
0t a single reason can be adduced based on improbability. Such a
wotion explains perfectly the apparent diurnal rotation of the celes-
al spbere.  Being uniform and free from irregularities, checks, or

wolts, it would not be perceivable by any local derangement of bodies

o the surface of the earth, all of which would participate in it.
Ubeervers 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
transported above the :ﬁfnds in the car of a balloon.

2351. Dhrect proofs of the earth’s rotation. — Irresistible, never-
theless, a8 this logical alternative is, the universality and 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 acoordingly been produced as imme-
diate and conclusive proof of thﬁ t:‘mtion.
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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.

2853. M. Leon Foucault’s mode of demonstration.—An ingeni-
ous 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 pendulum is not affected by
any motion of translation which may be egiven to its poiut of sus-
pension. Thus, if a pendulum suspended 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 revolution 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 pen-
dulum.

The same effects will be produced at greater distances from the
gole, but the rate of variation of the angle under the plane of vi-

ration 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 effect of the rotation
of the earth, supplies a proof of the existence of that motion, at-
taillx):ble without reference to objects beyond the limits of the
globe.

2354. Analogy supplies evidence of the earth’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, receiving light and heat from the
same luminary, and, like the earth, revolving round it. 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 rotation
of the earth is supplied by a peculiar departure from the strictly
globular form.
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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
compose it being at distances which mere vision cannot 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, as the progresaive 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 appearance must be from
west to east.

How 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 earth is carried round
the axis in a circle in twenty-four hours, so that every side of the
celestial sphere is in sucoession exposed to his view. As he is
carried upon the side opposite to that in which the sun is placed, he
secs the starry heavens visible in the absence of the splendour of
that luminary. As he is turned gradually 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 lumi-
nary, and all the phenomena of day are exhibited. When by the
continued 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 motion -
of a spectator placed upon the earth’s surface, and carried round
with it by its motion of rotation. He is the spectator of a gorgeous
diorama exhibited on a vast scale, the earth which forms his station
being the revolving stage by which he is carried 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
carth, as will presently appear.

2357. The earth’s axis.—That diameter upon which it is neces-
sary to suppose the earth to revolve in order to explain the pheno-
mens, is that which passes through the terrestrial poles.

2358. The terrestrial 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 sur-
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face in a circle, which will divide it into two hemispheres, 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 includes
is called the NORTHERN TERRESTRIAL POLE; the other hemisphere
being the SOUTHERN HEMISPHERE, 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 MERIDIANS, and will be scen
delineated on any ordinary terrestrial globe.

2359. Latitude and longitude.—The position of places upon the
surface of the earth are expressed and indicated by stating their dis-
tance north or south of the equator, measured upon a meridian pass-
ing through them, and by the distance of such meridian east or
west of some fixed meridian arbitrarily selected, such as the meri-
dian passed through the observatory at Greenwich. The former
distance, expressed in degrees, minutes, and seconds, is called the
LATITUDE, and the latter, similarly expressed, the LONGITUDE of
the place.

2?!:60. Fized meridians — those of Greenwich and Paris.— As
no natural phenomenon is found by which a fixed meridian from
which longitude is measured caun be determined, astronomers and
geographers have not agreed in the arbitrary selection of one. The
meridians of the Greenwioh and Paris observatories 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 substract the angle under
the meridians of the two observatories, which has been ascertained
to be 2° 2(/ 22", the meridian of Paris being east of that of Green-
wich.

2361. How the diwrnal phenomena vary with the latitude. —
Let 8 &N q, fig. 700, represent the earth suspended in space, sur-
rounded at an immeasurable distance by the stellar universe. The
magnitude of the earth being absolutely insignificant compared 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 be at o, a point
on its surface between the equator & and the north pole N, the lati-
tude of which will therefore be 0 &, and will be measured by the
angle 00&. If a line be imagined to bo drawn from the centre @
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through the place o of the observer, and continued upwards to the
firmament, it will arrive at the point z, which is the zenith of the
observer. If the terrestrial axis s N be imagined to be continued to
the firmament, it will arrive at the north celestial pole n and the
sonth celestial pole s. If the plane of the terrestrial equator £q
be supposed to be continued to the heavens, it will intersect the sur-
face of the celestial sphere at the celestial equator & ¢.

Fig. 700.

The observer placed at o will see the entire hemisphere Az A’ of
which his zenith z is the summit; and the other hemisphere Ash’
will be invisible to him, being in fact concealed from his view by
the earth on which he stands.

It is evident that the arc of the heavens zn between his zenith
and the north celestial pole consists of the same number of degrees
as the arc o N of the terrestrial meridian between his place of ob-
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servation 0 and the north terrestrial pole N. The zenith distance
therefore of the visible pole at any place is always equal to the
actual distance expressed in degrees of that place from the terres-
trial pole, and as this distance is the COMPLEMENT* OF THE LATI-
TUDE, 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 e%nal to the latitude of the place.

2362. Method of finding the latitude of the place. — The lati-
tude of the place of observation may therefore be always deter-
mined if the altitude of the celesﬁa{ le 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 altitude in the latter position is the least, and in
the former the greatest it ever has; and the pole itself is just mid-
way between these two extreme positions of this circumpolar star.
To find the actual altitude of the pole, it is only necessary there-
fore to take the mean, that is, kalf the sum of these two extreme
altitudes. By making the same observations with several circam-
polar stars, and taking a mean of the whole, still greater accuracy
may be attained.

363. Position of celestial egu(wor 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 ap-
pear to be moved by the diurnal rotation, varies with that of the
pole, it is evident that the celestial sphere must present a different
appearance to the observer at every different latitude. In proceed-
ing towards the terrestrial pole, the celestial pole will gradually ap-
proach the zenith, until we arrive at the terrestrial 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 scen at the poles. — At the poles, thercfore,
the celestial pole being in the zenith, the celestial equator will
ocoincide with the horizon, and by the diurnal motion all objects
will move in circles parallel to the horizon. Every object will

* The complement of an angle or arc is that number of degrees by which
it differs from 90°. Thus 80° degrees is the complement of G0°.
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therefore preserve during twenty-four hours the same altitude and
the same zenith distance. No object will either rise or set, at least
80 far as the diurnal motion is concerned.

This aspect of the firmament is called a PARALLEL SPHERE, the
motion being parallel to the horizon.

2365. Right sphere scen at the tor. — At the terrestrial
equator, the poles being upon the horizon, the axis of the celeatial
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 plane of the horizon passes through the centre of all the
parallels, it will divide them all into equal somicircles.

It follows, thercfore, 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. Oblique sphere seen at intermediate latitudes.— At latitudes
between the equator and the pole, the celestial pole holds a place
between the horizon and the zenith determined by the latitude. The
celestial equator &g, fig. 700, and its parallels, are inclined to tho
plane of the horizon at angles equal to the distance of the pole from
the zenith, and therefore equal to the complement of the latitude.
The ocentres of all parallels to the celestial e(luator &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 7’ m’ and Im, will
therefore be all divided unequally by the plane of the horizon, the
visible part 7 #/ being greater than the invisible part m’# for the
former, and the invisible part m r greater than the visible part 7
for the latter.

1t follows, therefore, that all objects between the celestial equator
#q and the visible pole n 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 % X to the 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 corre-
sponding parallel k%, 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 entirely
above the horizon, and all parallels nearer to the invisible pole than
hk will be entirely below it. . L

Hence it is that, in European latitudes, stars within a certain lim-
ited distance of the north or visible celestial pole never sct, and stars
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at a corresponding distance from the south or invisible celestial pole
never rise.

The observer can only see these by going to places of observation
having lower latitudes.

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

2367. Oljects in celestial equator equal times above 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 half above the horizon.
Every object upon it will therefore be cqual times above and below
the horizon, rising and setting exactly at the cast and west points.

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

2368. Method of determining the longitude of places. — This
perfect uniformity of the earth’s rotation, inferred from the observed
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 longitude is known, can be found.
Baut since, by the uniform rotation of the globe, the meridians of all
places upon it are brought in regular succession under 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
interval will bear the same ratio to the entire time of the earth’s
rotation as the difference of the longitudes of the two places bears
to 360°.

To make this more clear, let us take the case of two places P and
¥, fig. 701, upon the equator. If ¢ be the centre of the earth, the
angle pc P will be the difference between the longitudes. Now,
let the time be observed at each place at which any particular star
8 is seen upon the meridian. If the motion of the earth be in the
direction of the arrow, the meridian 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 between the passage of 8 over the two meridians be ¢, let T
be the time of one complete revolution of the globe on its axis, and

* The teacher will find it advantageous to exercise the student 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
sphere in different latitudes.
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let 1. be the difference of the longitudes, or
> the angle P c¥'; we shall then have

t:T::L:360°
1=2 x 360°.
T

Bat in the practical solution of this problem

a difficulty is presented which has conferred

historical celebrity upon the question, and

caused it to be referred to as the type of all

A Ip difficult enquiries. It is sup , in what

' has just been explained, that means are pro-
7N\ vided at the two places P and P’ by which
the absolute moments of the transit of the

star over the respective meridians may be

ascertained, 80 as to give the exact interval

Fig. 701. between them. If these moments be ob-
served by any form of chronometer, it would
then be n that the two chronometers should be in exact

accordance, or, what is the same, that their exact difference may be
Imown. If a chronometer, set correctly by another which is sta-
tionary at ome place P, be transported to the other place P/, this
object will be attained, subject, however, to the error which may be
incidental to the rate of the chronometer thus transported. If the
distances between 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 during the
transport of the chronometer, this expedient is subject to errors too
considerable to be tolerated in the solution of a problem of such
eapital importance.

It will be apparent that the real object to be attained is, to find
some phenomenon sufficiently instantaneous in its manifestation to
mark, with all the n precision, a certain moment of time.
8Such a phenomenon would {e, for example, the sudden extinction
of a conspicuous light seen at once at both places. The moment of
such a phenomenon being observed by means of two chronometers
at the places, the difference of the times indicated by them would
be known, and they would then serve for the determination of the
difference of the longitudes by the method explained above. Several
phenomena, both terrestrial and celestial, have accordingly been used
for this purpose. Among the former may be mentioned the sudden
extinction of the oxyhydrogen or electric light, the explosion of a
rocket, &c.; among the latter, the extinction of a star by the diso
of the moon passing over it, and the eclipse of the satellites of cer-
tain planets, phenomena which will be more fully noticed hereafter.

urL 12
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2869. Lunar method of finding the longitude. — The change of
position of the moon with relation to the sun and stars being very
rapid, affords another phenomenon which has been found of great
utility in the determination of the longitude, especially for the pur-
poses of mariners. Tables are calculated in which the moon’s ap-
parent distances from the sun; and many of the most conspicnous
fixed stars, are given for short intervals of time, and the exact times
at Greenwich when the moon has these distances are given. If then
the mariner, observing with proper instruments the position of the
moon with relation to these objects, compares his observed distances
with the tables which are supplied to him in the Nautical Almanack,
he will find the time at Greenwich corresponding to the moment of
his observation; and being always, by the ordinary methods, able
to determine by observation the local time at the place of his obser-
vation, the difference gives him the time required for a star to pass
from the meridian of Greenwich to the meridian of the place of his
observation, or vice versd; and this time gives the longitude, as
already explained.

This last is known as the LUNAR METHOD OF DETERMINING THE
LONGITUDE.

In practice, many details arc necessary, and various calculations
must be made, which cannot be explained here.

2370. Method by electric telegraph. — When two places are con-
nected by a line of electric telegraph, their difference of longitude
can be easily and exactly determined, inasmuch as instantaneous
signals can be transmitted, by which the local clocks can be com-
pared and regulated, and, if it be so desired, kept in exact accord-
ance.

2871. Parallels of latitude. — A series of points on the earth
which are at equal distances from the equator, or which have the
same latitude, form a circle parallel to the equator, called a PARAL-
LEL OF LATITUDE.

' 'I;hus all places which have the same latitude are on the same par-
sllel. .
5&11 places which are on the same meridian have the same longi-
tude.

CHAP. V.

SPHEROIDAL FORM, MASS, AND DENSITY OF THE EARTH.

2372. Progress of physical investigation approximative. — It is
the condition of man, and probably of all other finite intelligences,
to arrive at the possession of knowledge by the slow and laboricus
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process of a sort of system of trial and error. The first conclusions
to which, in physical inquiries, observation conducts us, are never
better than very rough approximations to the truth. These being
submitted to subsequent comparison with the originals, undergo a
first series of correotions, the more prominent and conspicuous de-
partures from conformity being removed. A second approximation,
but still only an approximation, is thus obtained; and another and
still more severe comparison with the phenomena under investiga-
tion is made, and another order of corrections is effected, and a
closer approximation obtained. Nor does this progressive approach
to perfect exactitude appear to have any limit. The best results of
our intellectual labours are still only close resemblances to truth,
the absolute perfection of which is probably reserved for a higher
intellectual state.

The labours of the physical inquirer resemble those of the
scalptor, 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 inces-
santly 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 ac-
count 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 erroncous, they are mot therefore the less necessary to the wulti-
Mate 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
g:i:: indispensable to our progress in the work of investigation and

very.

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

2373. Figure of the earth an example of this. —The first con-
clusions 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 23b- 56m- 4-09~
common or civil time.

2374. Globular figure incompatible with rotation. —The first
question, then, which presents itself is, whether this form and rota-
tion are compatible ? It is not difficult to show, by the most simple
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 continne. And if this can be
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oertainly established, it will be necessary to retraco 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. —
The conclusion that the earth revolves on its axis with a motion
corresponding to the apparent rotation of the firmament, is one which
admits of no modification, and must from its natare be either abso-
lutely admitted or absolutely rejected. The globular form imputed
to the earth, however, has been inferred from observations of a

neral 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. How rotation would affect
the superficial gravity on a globe.—
Let N @8, fig. 702, represent a seo-
tion of a globe supposed to have a
motion of rotation round the diameter
N s as an axis. Every point on its
surface, such as P or ¥, will revolve
in a circle, the centre of which oord
will be upon the axis, and the radius
oP or o' ¥ will gradually decrease in
Fig. 702. approaching the poles N and s, where

no motion takes place, and will gra-
dually increase in approaching the equator Q0 Q, 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)

c=1226 xr X N* X W,

where R=P o, the radius of the circle, N the fraction of a revolution
made in one second, and W the weight of the body, and the direo-
tion of which is Pec.

This centrifugal force being expressed by P ¢ is equivalent (170)
to two forces expressed in intensity and direction by Pm and pn.
The component P m 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 Pn being dirccted towards the
cquator Q, has a tendency to cause the body to move towards the
equator; and the body, if free, would necessarily so move.
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Now it will be evident, by the mere inspection of the diagram,
that the nearer the point P is to the equator Q, the more directly
will the centrifugal force Pc be opposed to the weight, and conse-
quently the greater will be that component of it, Pm, which will
bave the effect of diminishing the weight.

But this diminution of the weight is further augmented by the
increase of the actual intensity of the centrifugal force itself in ap-
prosching the equator. By the above formula, it appears that the
intensity of the centrifugal force must increase in proportion as the
ndius R or Po increases. Now it is apparent that Po inoreases
gradually in going from P to q,since ¥ o' is greater, and Qo greater
still than Po; and that, on the other hand, it decreases in going from
P 1o N or 8, where it becomes nothing.

Thus the effect of the oentrifuga% force in diminishing weight
being nothing at the pole N or 8, gradually increases in approaching
the equator ; first, because its absolute intensity gradually increases;
and secondly, because it is more and more 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 decrease 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 hemisphere towards the equator.

2377. Amount of the diminution of weight produced at the
equator by centrifugal force.—This quantity may be easily com-
puted by means of the formula

c=1226 X R X N* X W.

“Taking the radius of the equator in round numbers (which are suf-
ficient for this purpose) at 4000 miles, and reducing it to feet, and

;:dncing the time of rotation 23% 56™ 4-09* to seconds, we shall
ve

1
B = 21,120,000, N= g6164"
substitating these numbers we have
1
CcC= 1,226 X 21,120,000 X (8T,164—)3x w,
and executing the arithmetical operations here indicated, we find

O—l W
g X W™

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.

12*
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2878. Loss of weight at other latitudes. — The centrifugal force
at any latitude P would be less than at Q in the ratio of 0 Q to oP.
But the part of this P m which is directly opposed to the weight is
less than the whole P ¢, in the ratio of Pc to P m, or, what is the
same, of Poor 0Q to Po. If then o' express the whole centri-
fugal force at P, and o that part of it which is directly opposed to
gravity, we shall have

1 Po ,_ Po_ 1 Po
d—mxb—a, d_dx(ﬁ_2—87x(o_q)'

The number which expresses :’—: is that which is called in Tri-

gonometry the cosine of the arc PQ, that is, the cosine of the lati-
tude. Therefore we have

1
o 2
d =gy X Co8. lat.
The loss of weight, therefore, which would be sustained by reason
of the centrifugal force at any proposed latitude, would be a frac-
tion of the whole weight, found by dividing the square of the cosine
of latitude by 287.

2379. Effect of centrifugal force on the geographical condition
of the surface of the globe. — In what precedes, we have only con-
sidered the effect of that one, P m, of the two components of the
centrifugal force which is opposed to the weight. It remains to
examine the effect of the other, P %, which is directed towards the
equator.

If the surface of the globe were composed altogether of solid
matter, of such coherence as to resist zeparation 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 gas-
eous, such parts, in virtue of their mobility, would yield to the
impulse of the element Pn of the centrifugal force, and would
flow towards the equator. The waters of the surface would thus
flow from the higher latitudes in either hemisphere, and accumu-
lating round the equator, the surface of the globe would be resolved
into two great polar continents, separated by a vast equatorial
ocean.

2380. Such cffects mot existing, the earth cannot be an exact
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 accumu-
late more about the equator than elsewhere is manifested. Land
and water, if not indifferently distributed over the surface, are cer-
tainly not apportioned 80 as to indicate any tendency such as that
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above described.  If, therefore, the rotation of the earth be admat-
ted, it follows that its figure must be such as to counteract the ten-
dency of fluid matter to flow towards any one part of the surface
rather than any other. In short, its figure must be such that

vity itself shall counteract that element Pn of the centrifugal
g::e which tends to move a body from the higher latitudes of either
hemisphere towards the equator.

2381. The figure must therefore be some sort of oblate spheroid.
— Now this condition would be fulfilled, if the earth, instead of
being an exact sphere, were an oblate spheroid, having a certain
definite ellipticity, — that is, a figure which would be produced by
an ellipse revolving round its shorter axis. Such a figure would re-
semble an orange or a turnip. It would be more convex at the
equator than at the poles. A globe composed of elastic materials
would be reduced to such a figure by pressing its poles together, so
a3 to flatten more or less the surface of these points, and produce a pro-
tuberance around the equator. The meri-
dians of such a globe would be ellipses,
having its axis as their lesser axis, and
the diameters of the equator as their
greater axes.

The form of the meridian would be
such as is represented in fig. 703, N 8
being the axis of rotation, and & Q the

Fig. 703. uatorial diameter.

2382. Its ellipticity must depend on gravity and centrifugal
Jorce. — The protuberance around the equator may be more or less,
according to the ellipticity of the spheroid ; but since the distribu-
tion of land and water is indifferent on the surface, having no preva-
lence about the equator rather than about the poles, or wvice versd,
itis 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 considered as equivalent in its effects to
an acclivity of regulated inclination, 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 de-
pending on its steepness, which increases with the magnitude of the
protuberance, or, what is the same, with the ellipticity of the sphe-
roid. If the ellipticity be less than is necessary to counteract 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

i8 necessary to counteract the effect of the centrifugal force,
then gravity would prevail over the centrifugal force, and the waters
would flow down the acclivitics of tho excessive protuberance

N




140 ASTRONOMY.

towards the poles, and the earth would consist of a vast equatorial
continent scparating two polar oceans.

Since the geographical condition of the surface of the earth is not
consistent with cither of these consequences, it is evident that its
figure must be an oblate spheroid, having an ellipticity exactly cor-
responding to the variation of gravity upon its surface, due to the
combined effect of the attraction exerted by its constituent parts
upon bodies placed on its surface, and the centrifugal 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 £qQ exceeds the polar
axis N 8.

2383. Ellipticity may be calculated and measured, and the re-
sults compared.—The degree of ellipticity of the terrestrial spheroid
may be found by theory, or ascertained by observation and measure-
ment, or by both these methods, 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.

Both these methods have accordingly been adopted, and their re-
sults are found to be in complete harmony.

2884. Elhpticity 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 ex-

oceeds the polar diameter = e.
8. The fraction of its whole weight by which the weight of a

body at the pole exceeds the weight of the same body at
the equator = w.

4. The mean density of the earth.

6. 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 dependence, that when
some of them are given or kuown, the others may be found.

In whatever way the solution of the problem may be approached,
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 al-
ways, in local equilibrium. The state of relative density of the
strata procecding from the surface to the centre is, however, not so
evident. Newton investigated the question by asoertaining the form
which the earth would assume if it consisted of fluid matter of uuni-
form 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
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230th part of its whole length, and gravity at the pole must exceed
gravity at the equator by the same fraction of ita entire force.

As physical science progressed, and mathematical analysis was
brought to a greater state of perfection, the same problem was in-
vestigated 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 mutual attraction of all the constituent parts
upon any one part, and the effect of the centrifugal foroe arising
from the rotation, are in equilibrium ; so that every particle com-
poamg the spheroid, 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 r express a certain
sumber, the amount of which will vary with . We shall then have

et w=r.
Now it has been shown that when B = 28b 56m- 4-09%., the number
r will be {1, 8o that in effect
1

e+ w= ]3

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

It further results from these theoretical rescarches 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
scordance with those of actual observation and measurement.

2385. Ellipticity of terrestrial spheroid by observation and mea-
surement. —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 curva-
ture, the convexity being test at the equator, and least at the
poles.  If, then, it can ﬂeaasoermined 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
th; pol(o;o, we shall obtain a proof that its form is that of an oblate
spheroid.

To comprehend the method of ascertaining this, it must be con-
sidered that tho curvature of circles diminishes a8 their diameters
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are augmented. It is evident that a circle of one foot in diameter
has a less degree of curvature, and is less convex than a circle one
inch in diameter. But an are of a circle of a given angular magni-
tude, such for example as 1°, has a length proportional to the diame-
ter. Thus, an arc of 1° of a circle a foot in diameter, is twelve
times the length of an arc of 1° of a circle aun 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 length 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.

Buch observations have accordingly been made, and the lengths
of a degree in various latitudes, from the Line to 66° N. and to 35°
8., 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 ascertained
that the equatorial diameter of the spheroid exceeds the polar by
3} oth of its length. Thus (2384)

1
300

2386. Variation of gravity by obscrvation.— 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 y3th* part of the whole
weight.

2387. Accordance of these results with theory. — By comparin
these results with those obtained by Newton, on the supposition o%
the uniform density of the earth, a discrepancy will be found suffi
cient to prove the falsehood of that supposition. The value of e
found by Newton is 5}y, its actual value being 5}y, and that of
7d7, its actual value ﬁeing i

6n the other hand, the accordance of these results of observation
and measurement with the more rigorous conclusions of later re-
searches is complete and striking.

[

® Different values are assigned to this — Sir John Herschel prefers <} .,
the Astronomer Royal {};- We have taken a mean between these
sstimates.
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If in the relation between ¢ and 1, explained i (2884),

1
s
we sabstitute for « the value 1}, obtained by observation, we find

o= 1 1 1
T1167 187~ 300
which is the value of ¢ obtained by computation founded on mea-
srement.

2388. Diminution of weight due to ellipticity.— It has been
tlready shown (2377) that the loss of weight at the equator due to
the centrifugal force is the 287th of the entire weight. From what
bas 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 in these is

1 1 1

187 287 53T

It appears, therefore, that while the 287th part of the weight is
balanced by the centrifugal force, the actual attraction exerted by
the earth upon a body at the equator is less than at the pole by the
337th* part of the whole weight. This difference is due to the
elliptieal form of the meridian, by which the distance of the body
from the centre of the earth is augmented.

. 2889. Actual linear dimensions of the terrestrial spheroid. — It
¥ Dot enough to know the proportions of the earth. It is required
b determine the actual dimensions of the spheroid. The following
are the lengths of the polar and equatorial diameters, according to
computations of the most eminent and recent authorities :—

et w=

Bessel. | Alry.
Miles, Miles,
Polar diamets 7809114 7899170
Kquatorial diamet 7925°604 7925-648
Absolute difference 26471 26478
Rxcess of the equatorial exp d in & fraction of } 1 1
its entire length 200-407 299-330

The close coincidence of these results supplies a striking example of
the precision to which such calculations have been brought.

The departure of the terrestrial spheroid from the form of an
¢x2¢t globe is so inconsiderable that, if an exact model of it turned
In ivory were placed before us, we could not, either by sight or
Wach, distinguish it from a perfect billiard bull. A figure of a me-

# Aocording to Herschel, the 590th part.
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ridian accurately® drawn on paper could 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.—If a
sphere N ¢ 8 ¢ be imagined to be inscribed within the terrestrial sphe-
roid having the polar axis N 8, fig.
N 704, for its diameter, a spheroidal
shell will be included between its
surface and that of the spheroid
composed of the protuberant matter,
having a thickness Q¢ of 13 miles
at the equator, and becoming gra-
dually thinner in proceeding to the
3 poles, where its thickness vanishes.
This shell, which constitutes the
Fig. 704 equatorial excess of the spheroid,
and which, as will hereafter ap-
pear, has a density of 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 mass of the earth by observation.— The
magnitude of the earth, being known with great precision, the de-
termination of its mass and that of its mean density become one and
the same problem, since the comparison of its mass with its magni-
tude will give its mean density, and the comparison 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, arc all based upon a comparison of the gra-
vitating force or attraction which the earth exerts 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 ob-
served, and the attractions which they would exert at equal distances
may thence be 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 E be the mass of the carth, A the attraction it exerts at
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the distance D from its centre of gravity, and A’ the atiraction it
exerts at any other distance 0/, we have—
A:A'::D%: D%

A'=Axl-)—’
ol

and therefore

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

E:m::A :a;
and therefore
l—'mXA'—mX A)( L
- a a DV
If, therefore, the mass m, the ratio of the attractions A and a, and
the ratio of the distances D and D/, be respectively known, the mass
x of the earth can be computed.

2392. Dr. Maskelyne's solution by the attraction of Schehallien.
— This celebrated problem oconsisted 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
K)l:ﬁ:b-line from the direction of the true vertical produced by the

attraction of the mountain.

To render this method practicable, it is necessary that the moun-
tain 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 eminence sufficiently
considerable exists near enough to Schehallien to produce such dis-
turbance.

The mountain ranging east and west, two stations were selected
on its northern and southern acclivities, s0 as to be in the same me-
ridian, 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 di-
rections 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 under-
stood by reference to fig. 706, where P and P’ represent the points
of suspension of the two plumb-lines. If the mountain were re-
moved, they would hang in the direction Pc and ¥ 0 of the earth’s
centre, and their directions would be inclined at the angle PoP'.
Bat the attraction exerted by the interjacent mass produces on each
tide & alight deflection towards ﬂllg mountain, so that the two direc-

IIL.
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tions 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 pc ¥ greater than P 0P by the sum of the two
deflections cPc and c P c.

Now by means of the zenith sector the distances 8 z and 8 2’ of
the points Z and 2z’ from any star such as 8, can be observed with s
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—

87 —8z=127,
the apparent distance between the two points Z and z' om the
heavens to which the plamb-line points at the two stations. This
distance expressed in seconds gives the maguitude of theangle pc¥
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 Po P’ could be as-
oertained by the zenith sector ; but as the indications of that instru-
ment have reference to the direction of the plumb-line, it is ren-

dered inapplicable in consequence of the disturbing effect of the
mountain.
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To determine the magnitude of the angle cC¥, therefore, the
direct distance between the stations P and P’ is ascertained by
making a survey of the mountain, which, as will presently appear,
is also pecessary, in order to determine its exact volume. For
every hundred feet in the distance between P and P’ there will be
1”in the angle pc¥ (2319). Finding, therefore, the direct dis-
tance between P and P’ in feet, and dividing it by 100, we shall
have the angle P c ¥ in seconds.

In the case of the experiment of Dr. Maskelyne, which was made
in 1774, the angle Pc¥ was found to be.41”, and the angle pc ¥
53”. The sum of the two deflections was therefore 12”.

The survey of the mountain supplied the data necessary to deter-
mine its actual volume in cubic miles, or fraction of & cubic mile.
An elaborate examination of its stratification, by means of sections,
borings, and the other usual methods, supplied the data n
to determine the weights of its component parts, and thence the
weight of its entire voﬁlme ; 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 moun-
fain, 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 E of the earth on that supposition was computed,
and by the formula given in (2891), 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 sum of 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 moun-
tain, in order to reduce the deflections to half their computed amount.

The mean density of the mountain having been ascertained to be
about 24 times that of water, it followed, therefore, that the mean
density of the earth is about five times that of water.

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

In the apparatus used by Mr. Baily, the latest of them, the at-
troting bodies with which the globe of the earth was compared
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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.
706 represent a plan of the apparatus. The large metallic balls B and
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¥ are supported upon a rectangular stage represented by the dotted
lines, ::J’ 80 mounlt)gg1 as to be capable of being turned round its
centre C in its own plane. Two small balls a, a’, about two inches
in diameter, are attached to the ends of a rod, so that the distance
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between their centres shall be nearly equal to BB'. This rod is sup-
ported at ¢ by two fine wires at a very small distance asunder, so
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 intensity of which can always
be ascertained by the angle of deflection of the rod aa’. The exact
direction of the rod a a’ is observed, without approaching the appa-
ratus, 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 precautions
were taken to remove or obviate various causes of disturbance, such
as currents of air, which might arise from unequal changes of tem-
perature which need nat be gescnbed here.

The large balls being first placed at a distance from the small
ones, the direction of the rod in its position of equilibrium was ob-
served with the telescopes TT. The stage supporting the large
balls was then turned until they were brought near the small ones,
as represented at BB'. It was then observed that the small balls
were attracted by the large ones, and the amount of the deflection
of the rod a a’ was observed. .

The frame supporting the large balls was then turned until B was

ht to b, aud B’ to ¥/, 80 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 ascertained, the in-
tensity 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 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 in-
tensity of the two attractions was computed from a comparison of
these rates by the principles established in (542). The %recision of
which this proccss of observation is susceptible may be inferred
from the fact that the whole attraction of the balls B B’ upon a o’
did not amount to the 20-millionth part of the weight of the balls
a a’, and that the possible error of the result did not exceed 2 per
cent. of its whole amount.

The attraction which the balls B B’ would exert on a a’, on the

position that the mean density of the earth is equal to that of
the metallic balls BB, was then computed on the principles ex-
vlained in (2381), and found to be less than the actual attraction
tbserved, and it was inferred that the density of the earth was less

\ than that of theballssn’inthoingglemtio.
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In fine, it resulted that the mean demsity of the earth is 5-67
times the density of water.

The accordance of this result with those of the Schehallien ex-
periment, and the calonlations upon the figure of the terrestrial
spheroid, supply a striking proof of the truth of the theory of

vitation on which all these three independent investigations are
E:ed, and of the validity of the reasoning tpon which they have
been oonducted.

2894. 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 volzme and its
weight. Taking the dimensions of the globe as already stated, ita
volume contains

259,800 millions of cubic miles.
882,425,800,000 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 854-375 lbe., or 0-1687
of a ton. It follows, therefore, that the total weight of the earth is

6,069,084,272 billions of tons.

CHAP. VL
THE OBSERVATORY.

2395. Knowledge of the instruments of observation necessary. —
Having explained the dimensions, rotation, weight, and density of
the earth, and described generally the aspect of the firmament and
fixed lines and points upon it, by which the relative 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 manner in which they are applied, so as
to obtain those aocurate data which supply the basis of tiose calcu-
lations 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 the instruments of an observatory as are indispensably ne-
cessary for the observations by which such data are supplied.

2896. The astronomical clock. — Since the immediate objects of
all astronomical observation are motions and magnitudes, and since
motions are measured by the comparison of space and time, one of
the most important instruments of observation is the time-picce or
chronometer, which is constructed in various forms, according to the
oircumstances under which it is used and the degree of accuracy
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necessary to be obtained. In a stationary observatory, a pendulum
elock is the form adopted. 7 e

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 0* 0™ 0%, they will again point
to 0 0™ 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 , called sSTDEREAL HOURS. The hour-hand moves
over one principal division of its dial in this interval. In like man-
ner the MINUTE and SECOND-HANDS move on divided circles, each
moving over the successive divisions 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 elapses between any two
phenomena. Apart from this convenience, a mere pendulum un-
connected 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 astro-
nomical observations. The eye of the observer is occupied in
watching the progress of the object moving over the wires (2802)
in the field of view of the telescope. His ear is occupied in noting,
and his mind in counting the successive beats of the pendulum,
which in all astronomical clocks is so comstructed as to produce a
sufficiently loud and distinct sound, marking the close of each suc-
cessive second. 'The practised observer is enabled with considerable
precision in this way to subdivide a second, and determine the mo-
ment of the oocurrence of a phenomenon within a small fraction of
that interval. A star, for example, is seen to the left of the wire
m m' at s, fig. 707, at one beat of the pendu-

lum, and to the right of it at &’ with the next.

4 The observer estimates with great precision the
ﬂ proportion in which the wire divides the dis-

sl ¥ tance between the points s and &, and can

therefore determine the fraction of a second
after being at s, at which it was upon the

k wire m m'.
- Although the art of constructing chrono-
Fig. 707. meters has attained a surprising degree of per-

fection, it is not perfect, and the RATE of even
the best of such instruments is not absolutely uniform. It isthere-
fore pecessary from time to time to check the indications of the
elock by obeerving its rate. If the clock were absolutely perfect,
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the pendulum would perform exactly 24 x 60 x 60 — 86,400 vi-
brations in the interval between two successive returns of the same
star to the meridian. Now a good astronomical clock will never
make 8o many as 86,401 nor so few as 86,399 vibrations in the in-
terval. In the one case its rate would be too fast, and in the other
too slow by 1 in 86,400. 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 observed, even
this error may be allowed for, and no other will remain save the
rem:;e possibility of a change of rate since the rate was last ascer-
tained.

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

Pig. 708.

This phenomenon of passing the meridian is called the TRANsIT;
and an instrument mounted in such a manner as to enable an ob-
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server, supplied with a clock, to ascertain the exact time of the
TRANSIT, i8 called a TRANBIT INSTRUMENT.

Such an instrament consists of a telescope so mounted that the
live of collimation will be successively directed to every point of
the celestial meridian when the telescope is moved upon its axis

180°.
This is accomplished by h::s the telescope to an axis at right
angles to its line of collimation, placing the extremities 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 180°, 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, thence to the zenith, and thence to the south.

The instrument thus mounted is represented in fig. 708. 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 a Y to receive the cylindrical extremities of the transverse
arms AB of th:alinstmment.rw('ll‘he tabe :afl tllxeb:el:soope (\3 )] oox;-
sista of two inserted in a cent: obe, formin, o
the tnnaveraﬂ axisP:r:. Thus mounted, the gtelesoope oangbepa:ade
to revolve like a wheel upon the axis A B, and while it thus revolves
its line of collimation would be directed successively to all the
points of a vertical circle, the plane of which is at right angles to
the axis AB. If the axis be exactly directed east and west, this
vertical must be the meridian.

2398. Iis adjustments.—This, however, supposes three conditions
{o be fulfilled with absolute precision :

1°. The axis A B 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, falfilled in the first instance. In all astronomical instru-
tnents the oconditions which they are required to fulfil are only ap-
proximated to in the making and mounting; but a class of expedi-
ents called ADJUSTMENTS are in all cases provided, by which each
of the requisite oonditions, only nearly attained at first, are fulfilled
with infinitely greater precision. _

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

2399. 7o make the axis level. —If the axis AB be not trulv
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level, its deviation from this direction may be ascertained by sus-
pending 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 A B, fig. 709, is formed slightly convex,

ne of
a ]
A@
G — D
Fig. 709.

and when it is placed horizontally with its convexity upwards, the
bubble a b produced by its deficient fulness will take the highest po-
gition, and therefore rest at the ocentre of its length. Marks are
engraved on or attached to the tube at a and & indicating the centre
of its length. The tube is attached to a straight bar cp, or so
mounted as to be capable of being suspended from two points ¢’ I/,
and is so adjusted that when the lower surface of the bar oD, 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 b.

To ascertain whether a surface, or the line joining two proposed
points, be level, the instrument is applied upon the one, or sus-
pended from the other. If the bubble rest between the marks a
and b, they are level ; if not, that direction towards which it devi-
ates 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 be-
tween the central marks a and b, whichever way the level be placed.

A level is provided for the transit instrument with two loope of
suspension corresponding with the oylindrical extremities of the axis
A B, fig. 708, so that its points of suspension may rest on thes
oylinders. If it be found that, when the level is properly suspended

us 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 extremi
A of the axis rests is constructed so as to be moved through a mﬁ
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 a and 5, whichever way the
level be suspended.
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UNW. To make the line of collimation perpendicular to the axis.
—It must be remembered, that the line of collimation is a line
drawn from the centre of the object-glass to the intersection of the
middle wires in the field of view of the telescope. The centre of
the object-glass is fixed relatively to the telescope, but the wires are
s mounted that the position of their intersection can be moved
through & certain small space by means of a micrometer screw.
One end of the line of collimation, therefore, being moveable, while
the other is fixed, its direction may be changed at pleasure within
limits determined by the construction of the eye-glass and its mi-
crometer.

To ascertain whether the line of collimation is or is not at right
angles to the line joining the points of support A and B, fig. 708,
let any distant point be observedpzpon which the intersection of the
wires falls. Let the instrument be then reversed upon its support%
the end of the axis which rested on a being transferred to b, an
that which rested on 4 to a, 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 perpendicular, and the wires must be moved
by the adjusting screw, until the intersection is moved towards the
ogject through ialf of its apparent distance from it.

To render this more clear, let A B, fig. 710, represent the direction

of the axis, cD tEat of a line exactly

st right angles to it, or the direction

whicg is to be given to the line of
collimation, and ﬁt ¢ D’ represent the

i erroneous direction which that line
! actually has. Let 8 be a distant ob-
{ jeot to which it is observed to be di-
3 H rected, this object being seen_upon
Y the intersection of the wires. If the
i instrument be reversed, the line o/
in’ will have the direction 0 p”, deviating
as much from oD to the right as it
before deviated to the left. The
object 8 will now be seen at a distance
to the left of the intersection of the

A 3 g  wireswhich measures the angle p’cp”,

which is twice the angle pcD/, or
Fig. 710, the deviation of the line of collimation
from the perpendicular D o.

2401. 7o render the direction of the supports due east and west.—
This is in some cases accomplished by a MERIDIAN MARK, which is
» distinct object, such as a white vertical line painted on a black

|- et
e emmemeeee D)
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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 side or the other of the middle wire (which
ought to coincide with the meridian), the direction of the axis A B,
Jfig. 710, will deviate to the same extent from the true east and
west, since it has been already, by the previous adjustments, ren-
dered perpendicular to the line of collimation. The entire instrument
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. 708, rests,
by which it has a certain play in the horizontal direction urged by
a fine screw. In this way the axis A B is brought into the true di-
rection east and west, and therefore the line of collimation into the
true meridian.

It will be observed that, in explaining the second adjustment, it
has been assumed that the deviations are not so great as to throw
the objeoct 8 out of the field of view after the instrument is reversed.
This condition in practice is always fulfilled, the extent of deviation
left to be corrected by the adjustments 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 mi-
crometer wires (2302), already mentioned, is placed. This consists
commonly of § or 7 t:zuidist.nnt wires, placed vertically at equal dis-
tances, and intersected at their middle points by a horizontal wire,
as represented in fig. 707. When the instrument has been adjusted,
the middle wire m m’ will be in the plane of the meridian, and when
an object is seen upon it, such object will be on the celestial meri-
dian, 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 paints, having no sensible magnitude. By the diurnal
motion of the firmament, the star passes successively over all the
wires, a short interval being interposed between its passages. The
observer, just before the star approaching the meridian enters the
field of view, notes and writes down the Aours and minutes indicated
by the clock, and he proceeds 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 croases each of the wires; and taking
a mean of all these times, he obtains, with a great degree of preci-
sion, 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 inde-
pendent observations as there are parallel wires. The errors of
observation being distributed, are proportionally diminished.

When the sun, moon, or a planct, or, in general, any object which
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has a sensible disk, is observed, the time of the tranmsit is the in-
stant at which the centre of the disk is upon the middle wire. This
is obtained by ol ing 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 & 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 illuminated.

2403. Apparent motion of objects in field of view. — Sinoe the
teleacope 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 s})here revolves at the rate of 15° per hour, 15 per
minute, or 15” per second of time, an object will be seen to pass
across the field of view with a motion absolutely uniform, the space
passed over between two successive beats of the pendulum 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 inter-
val between the moments of contact of the western and eastern

with the middle wire being 2m- 8=, when the apparent diame-
ter is 32'. Thus, the disk appears to move over a space equal to
half its own diameter in 1™ 4=

2404. Circles of declination, or hour 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 the celestial equator
into arcs 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 which form with
each other an angle of 1° include between them an arc of 1° of
the celestial equator. These CIRCLES OF DECLINATION, or HOUR
CIRCLES s 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 coin-
cidence with the meridian being always proportional to the ans}e
they form with each other, or, what is the same, to the arc of the
celestial equator included between them. Thus, if two circles of

I
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declination form with each other an awgle of 30°, the interval be-
tween the moments of their coincidence with the meridian will be
two sidereal hours.

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

2405. Right ascension.— The arc of the celestial equator be-
tween 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 RIGHT AsCENSION of all objects through which the
circle of declination passes. This arc is always understood to be
measured from the point where the circle of declination. meets the
oelestial equator westward, that is, in the direction of the apparent
diurnal motion of the heavens, and it may extend, thercfore, over
any part whatever of the equator from 0° to 360°.

Right ascension is expressed sometimes according to angular
magnitude, in degrees, minutes, and seconds; but since, according
to what has been explained, these magnitudes are proportional 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’ 15", it will be expressed also by
1b. Jm. Je,

In.general, right ascension expressed in de, minutes, and
seconds may be reduced to time by dividing it Ey 15; and if it be
expressed in time, it may be reduced to angular language by multi-
plying it by 15.

The difference of right ascensions of any two objects may be as-
certained by the transit instrument and clock, by observing the in-
terval which elapses between their transits over the meridian. 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.— If the hands
of the sidereal clock be set to 0™ 0= 0* when the first point of
Aries is on the meridian, they will at all times (supposing 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 me-
ridian on the celestial equator produced 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
Pproportion
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9407. The mural circle. —The trausit instrument and sidereal
clock supply means of determining with extreme precision the in-
stant at which an object passes the meridian; but the instrument
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 ascertain it with a precision pro-
portionate to that which the transit instrament determines the right
ascensions, requires an instrument constructed and mounted for this
express object in a manner, and under conditions, altogether differ-
ent from those by which the transit instrument is regulated. The
form of instrament adopted in the most efficiently furnished obeer-
vatories for this purpose is the MURAL CIROLE.

This instrument i8 a graduated eirole, similar ia form and prin-
ciple 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 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 eorrect
the slight errors of position inci-
dental to the workmanship and
mounting.

The instrument, as mounted and
adjusted, is represented in pee-
spective in fig. 711, where A is the
stone wall to which the instrument
is attached, D the central axis om
which it tarns; and ¥G the tele-
scope, which does not move upom
the circle, but is immovesbly at-
tached to it, so that the entire
instrument, including the telescope,
turns in the plane of the meridian
upon the axis p.

A front view of the circle in the
plane of the instrument is given in

F. 711. . T12.
The uation is usually made on the edge, and not on the face
imb. hoop of metal thus engraved forms, therefore, what may

be called the tire of the wheel. the £
Troughs o, containing mercury, are placed on oor in conve-
nient posisions in the plave of the instrument, in the surface of
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Fig. 712,

which are seen, by reflection, the objects as they pass over the me-
ridian. 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.

Counvenient ladders, chairs, and couches, capable of being ad-
justed by racks and other mechanical arrangements, at any desired
inclinations, enable the observer, with the utmost ease and com
to apply his eye to the telescope, no matter what be its direction.

In t.Ee more important national observatories the mural circles
are eight feet in diameter, and consequently 801-5 inches in circam-
ference. Each degree upon the circumference measuring, therefore,
albove eight-tenths of an inch, admits of extremely minute sub-

vision.

The divisions on the graduated edge of the instrument are num-
bered as usual from 0° to 860° round the entire circle. The posi-
tion 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 exoept that this line, in moving round the axis D of the
instrument, shall remain oconstantly in tﬁe plane of the meridian.
This condition being fulfilled, it is evident that, as the circle revolves,
the line of collimation will be sucoessively directed to every point
of the meridian when presented upwards, and to every point of ita
reflected image in the mercury when presented down .

2408. Method of observing with it. —The position of the instru-
ment when directed suocessively to two objects on the meridian, oe
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to their i reflected in the mercury, being observed, the angular
Mnee,'::s.ti:se arc of the meridian betweel:gtbem, will be fomi;l by
asoertaining the arc of the graduated limb of the instrument, which
passes before any fixed point or index, when the telescope is turned
from the direction of the one objeot to the direction of the other.

2409. Compound microscopes — their number and use. — This
arc is observed by a compound microscope (2307), attached to the
wall or pier, and directed towards the graduated limb. The man-
ner in which the fraction of a division of the limb is observed by
this expedient has been already explained. But to give greater
precision to the observation, as well as to efface the errars which
might arise, either from defective centreing, or from the small de-
rangement of figure that might arise from the flexure produced by
the weight of the instrument, several compound microscopes —

erally six — are provided at nearly equal distances around the
imb, 8o that the observer is enabled to note the position of six in-
dices. The six arcs of the limb which pass under them being ob-
served, are equivalent to six independent observations, the mean of
which being taken, the errors incidental to them are reduced in pro-
ion to their number.

2410. Circle primanrily a differential irstrument. — The obser-
vations, however, thus taken are, striotly speaking, only differential.
The arc of the meridian between the two objects is determined, and
this arc is the difference of their meridional distances from the
senith or from the horizon; but unless the positions which the six
mdexes have, when the line of collimation is direoted to the zenith
or horizon, be known, no positive result arises from the observa-
tions; nor can the absolute distance of any object, either from the
horizon or the zenith, be ascertained.

2411. Method of ascertaining the horizontal point.—The “read-
ing,”’ as it is technically called, at each of the microscopes, in any
proposed pogition of the instrument, is the distance of that micro-
scope from the zero point of the limb. Now it is easy to show that
balf the sum of the two readings at any microscope, when the tele-

scope is successively directed to an ob-

ject 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

n upon the stone pier around the instru-

ment, and let M, fig. 713, represent the

position of any of the microscopes. Let

{ ©0 be the position of the telescope when

directed to the object, and let z be the

position of the gero of the limb. Let

Fig. 718. "01 be the position of the telescope wher
14*
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directed to the image of the same object in the mercury. If 22" =
oI, 2’ will then be the place of the zero, because the sero will be
moved with the instrument through the same space as that through
which the telescope is moved. Since the direction cr1 is as much
below the horizon as co is above it, the direction of the horizon
must be that of the point B which bisects the arc 01. The tele-
scope, when horizontal, will have therefore the direction ¢ H, and
when it has this position the zero will evidently be at 2, the point
which bisects the aro z2”.

The “readings’’ of the microscope M, when the teleacope is di-
rected to 0 and 1, are Mz and MZ’. The “reading” of the same
microscope when the telescope is horizontal would be M2. Now it
is evident, from what has been stated above, that :

MY —Mz=MZ' —MZ;
and, therefore,
MZ =4 (Mz X MZ');

that is, the reading for the horizontal direction of the telescope
would be half the sum of the readings for an object and its im
2412. Method of observing altitudes and zenith distances. —

readings of all the microscopes, when the telescope is directed to the
horizon, being thus determined, are preserved as necessary data in
all observations on the altitudes or zenith distances of objects. To
determine the altitude of an object 0, let the telescope be directed
to it, so that it shall be seen at the intersection of the wires; and
let the readings of the six microscopes be o,, o, 0y, 0,, 0, and o,
and let their six horizontal mdings be m,, Hy, Hy, H,, Hy, and H,.
‘We shall have six values for the altitudes :

Al == H: - 0.,

Ag = Hy — 0y

A3 = Hy — 0y,

A = H;— 0,

Ag = Hy — 0

Ag = Hg — 0,
These will be nearly, but not precisely, equal, because they will
differ by the small errors of observation, ccntreing, 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 al-
titude-—

A= L1{A 4+ Ag+ Ay + A+ Ag + A}
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

z=90°— a.
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2413. Method of determining the position of the pole and .
—The mural circle may be regarded as the celestial meri re-
duced in scale, and brought immediately under the hands of the
observer, so that all distanoes ug;lit may be submitted to exact
examination and measurement. ides the zenith and horizon, the
positions of which, in relation to the microscopes, bave 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, croesing the visible meridian twice, once above and
once below the pole. Of all these circumpolar stars, the most im-
portant 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 14°,and because its magnitude is sufficiently 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 poeition 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 read-
ings for the pole itself will be half the sum of the former for each

miscroscope )
The readings for the pole being determined, those which cor-
d to the point where the celestial equator crosses the meridian

may be found by subtracting the former from 90°.

‘When the positions of the microscopes in relation to the pole and
equator are determined, the latitude of the observatory will be
known, sinoce it is equal to the altitude of the celestial pole (2362).

2414. AU circles of declination represented by the circle. — Sinca
the circles of declination, which are imagined to surround the
heavens, are brought by the diurnal motion in succession to coin
cide with the celestial meridian (2404), since that meridian is itself
represented by the mural circle, that circle may be considered a
presenting successively a model of every circle of declination; ane
the position of any object upon the circle of declination is repre-
sented 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 maintained 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 dis-

tance of an object from the celestial equator, measured upon the
circle of declination which passes through it, is called its DECLINA-
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TION, end is NORTH or 8OUTH, according to the side of the equator
at which the object is placed.

The declination of an object is ascertained with the mural cirele
in the same manner and by the same observation as that which

ives its altitude. The readings of the microscopes for the object
Eeing compared with their ings 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
horison. But since the equator maintains always the same position
during the diurnal motion of the heavens, the declination and polar
distance of an object are not affected by that motion, and remain the
same, while the altitade 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 deter-
mined by its declination and right ascension. Its declination ex-
preases its distance north or south of the celestial equator, and its
right asoension expresses the distance of the circle of declination
-upon which it is placed from a certain defined point upon the celestial

uator.

qut is evident, therefore, that declination and right ascension define
the position of celestial objects in exactly the same manner as lati-
tude and lon‘gih:de define the position of places on the earth. A

lace upon the globe may be regarded as being projected on the
Ee&vens into the point which forms its senith ; and hence it appears
ﬁngththe latitude of the place is identical with the declination of its
senith.

CHAP. VIIL

ATMOSPHERIC REFRACTION.

| 2417. Apparent position of celestial objects affected by refraction.

— It has been shown that the ocean of air which surrounds, rests
upon, and extends to a certain limited height above the surface of
the solid and liquid matter composing the globe, decreases gradually
in deosity in rising from the surface (719); that when a ray of
light passes from a rarer to a denser transparent medium, it is de-
flected towards the perpendicular to their common surface ; and that
the amount of such deflection increases with the difference of den-
sities and the angle of incidence (978 et seq.). These properties,
which air nas iu common with all transparent medis, produce im-
_portant effects on the apparent positions of celestial objects.
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Let 8a, fig. 714, be a ray of light
coming from any distant object 8, and
falling on the surface of a series of layers
of transparent matter, increasing in
density downwards. The ray 8 a, pass-
ing 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 the
dire;:ic:s"a’ a”, more towards ttlie pe\;
pendi ; and, in fine, passi Tou,
the lowest layer, it wﬂmn ogﬁll mogre
deflected, and will enter the eye at e,
in the direction a”¢: and since every

Fig. 714, object is seen in the direction from

which the visual ray enters the eye,

the object 8 will bo seen in the direction ¢/, instead of its true

direction @8. 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 ob-
jecta seen, as such objects always must be, through the atmoephere.
The visual ray s, fig. 715, passing through a succession of strata
of air, gradually and continually increasing in density, its path will
be a curve bending from D towards A, and convex towards the

s

Pig. 716,
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genithal line A 2. The direction in which the objeet will be seen,
being that in which the visual ray enters the eye, will be the tan-

nt A s to the curve at A. The object will therefore be seen in the
ﬁreotion A s instead of D 8.

It has been shown that the deflection produced by refraction is

increased with the increase of the angle of incidence. Now,in the

nt 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 rzenith distance of the object. The extent, therefore, to which
any oelestial object is disturbed from its true place by the refraction
of the atmosphere, increases with its zenith distance. The refrac-
tion is, therefore, nothing in the semith, and greatest in the ho-
rison.

2418. Law of atmespheric refraction. — The extent 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 dis-
placement (except at very low altitudes) varies in the proportion of
the tangent of the zenith distance.

Thus, if A z, fig. 716, be the zenithal direction, and A 0, A O,

A 0", &., be the directions of celestial

. objects, their gzenith distances being

ZAO, ZAO, %A 0" &c., the quantities

X of refraction by whioh 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, z T, z 7", &c., of
Fig. 716. the zenith distanoes.®

* This law may be demonstrated as follows : — The angle of incidence
of the visual ray is equal to the zemith distance z of the object. If o
express the refraction, the angle of refraction will be 2—r. Let the

index of refraction (980) be m. By the general law of refraction we have,
therefore,

8in. g = m X sin. (z— r) = m X sin. 2 008. r — m X cos. 2 sin. 7.

hB:t since r is a very small angle, if it be expressed in seconds, we shall
- have

co8. r=1], gin. ==
and, consequently,
sin. g = m X gin. 2—m X cos. £ X

r
206265
r
206265
and, therefore,
r= 2062657 x ™1 % 02 _ 9060857 x ™ x tan. x.
. m Co8. 2 »
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‘This law prevails with comsiderable exactitude, except at very
mutnden, where the refractions depart from it, and become un-
U19. Quantity of refraction.— When the latitode of the ob-

servatory is known, the actual quantity of refraction at a given

altitude may be asoertained by observing the altitudes of a circum-
star, when it passes the meridian above and below the pole.
sum of these altitudes would be exactly 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 ter than twice the latitude by the sum of
the two refractions. is sum will therefore be known, and bein

divided between the two altitudes in the ratio of the tangents o

the zenith distances, the quantity of refraction due to each altitude

vill be known.

The pole star answers best for this observation, especially in these
ard higher latitudes, where it passes the meridian within the limits
of the more influence of refraction; and the difference of
its altitudes bemg only 3°, no considerable error can arise in ap-
portioning the total refraction between the two altitudes.

2420. Tables of refraction.— To determine with great exaoti-
tude the average quantity of refraction due to different altitudes,
aud the various physical conditions under which the actual refrao-
tion departs from such average, is an extremely difficult ‘physical
problem. These conditions are connected with phenomena sabject
to uncertsin and imperfectly known laws. Thus, the quantity of
refraction at a given altitude depends, not only on the density, but
ils on the temperature of the successive strata of air through
vhich the visual ray has passed. Although, as a general faot, it is
wpparent that the temperature of the air falls as we rise in the
umosphere (2185), yet the exact law according to which it de-
tresses is mot fully ascertained. But even though it were, the
refraction is also influenced by other agencies, among which the
h}gmmetric condition of the air holds an important place.

rom these causes, some uncertainty necessarily attends astro-
tomical observations, and some embarrassment arises in cases where

tbe 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
etimated and allowed for, and in some cases wholly effaced, no
serious obstacle is offered by it to the general progress of astro-

wmy.

Tables of refraction have been constructed and calculated, partly
from observation and partly from theory, by which the observer
uay at once obtain the average quantity of refraction at each alt-
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tude; and rules are given by which this average refraction may be
corrected according to the peculiar state of the barometer, ther-
mometer, and other indicators of the physical state of the air.

2421. Average quantity at mean altitudes. — While the refrac-
tion is nothing in the zenith, and somewhat ter than the ap-
parent 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 38, 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 afler 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 deusity 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 temperature
causes a decrcase 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 altitude is diminished or increased by the 420th part of
its 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 atmosphere. —
The sun continues to illuminate the clouds and the superior strata
of the air after it has set, in the same manner as it shines on the
summits of lofty mountain peaks long after it 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 legs feeble according to the depression of the sun, called TWI-
LIGHT. 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
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at length, and by slow degrees, all reflection ceases, and night

e 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 with the full blase of day when the disk of the
sun becomes visible.

The gemeral effect of the air, clouds, and vapours in diffusing
light, and rendering more effectual the general illumination
duced by the sun, has been already explained in (923, 924).

2426. Oval form of disks of sun and moon explained. — One
of the most curious effects of atmospherio refraction is the oval form
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,
ooe acting above, and the other below, tending to compress its ver-
tical diameter, and to give it the form of an ellipse, the lesser axis
of which is vertical, and the greater horizontal.*

CHAP. VIIL
ANNUAL MOTION OF THE EARTH.

2427. Apparent motion of the sun in the heavens. — Indepen-
dently of the motion which the sun has in common with the entire
frmament, 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 essentially from the stars, which
maintain their relative positions for months, ycars, and ages, unal-
tered.

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 apparcnt motion of the sun was ascertained with considerable

® For an explanation of the great apparent magnitude of the solar and lunar
diaks in rising and setting, see (1170). 15
1L
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precision before the invention of the telescope and the subsequent
and consequent improvement of the instruments of observation. It
may, however, be made more clearly manifest by the transit instru-
ment 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 right ascension continually increases, so that the circle of
declination (2404) passing through the centre of the sun is carried
with the sun round the heavens, making a complete revolution in a
year, and moving constantly from west to cast, or in a direction con-
trary 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, 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, inclined 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 revolution in it
in a year, is ealled the ECLIPTIC, because, for reasons which will be
explained hereafter, golar and lunar eclipses can never take place
except when the moon is in or very near it.

2430. The equinoctial points.— The ecliptic intersects the celes-
tial equator at two points diametrically opposite to each other, di-
viding the equator, and being divided by it into equal parts. These
are called the EQUINOCTIAL 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 (2867), and
the days and nights will be equal.

. 2431. The vernal and autumnal equinoxes.— The equinoctial
point at which the sun passes from the south to the north of the
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celestial equator is called the VERNAL, and that at which it passes
from the north to the south is called the AUTUMNAL,equinoctial
point. The TIMES at which the centre of the sun is found at these
points are called, respectively, the VRRNAL and AUTUMNAL EQUI-
NOXES.

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 horizon, and will
paas the meridian above the equator in places having north latitude.
The days, therefore, during that half-year, will be longer than the

ts.
msl"]hat semicircle through which the centre of the sun moves from
the autumnal to the vernal equinox being south of the celestial
equator, the sunm, for like reasonms, will during that half-ycar be
longer below than above the horizon, and the days will be shorter
than the nights, the sun rising to a point of the meridian below tho
equator.

The three months which sucoeed the vernal equinox are called
eRiNG, and those which precede it WINTER; the threc months
vhich precede the autumnal equinox are called SUMMER, and those
which succeed it WINTER.

2438. The solstices. —Those points of the ecliptic which are
midway between the equinoctial points are the most distant from the
celogtial equator. The arcs of the ecliptio between these points and
the equinootial points are therefore 90°. These are called the solL-
STIFIAL POINTS, and the times at which the centre of the solar disk
pases through them are called the soLsTICES.

The summer solstice, therefore, takes place on the 21st June, and
tbe winter palstice on the 21st December.

This distance of the summer solstitial point north, and of the
vinter solstitial point south of the oelestial equator is 23° 28’.

The more distant the centre of the sun is from the oelestial
equator, the more unequal will be the days and nights (2356), and
ensequently the longest day will be the day of the summer, and
tbe shortest the day of the winter, solstice.

It will be evident that the seasons must be reversed in southern
letitudes, since there the visible celestial pole will be the south pole.
The summer solstice and the vernal equinox of the northern, are the
vinter solstice and autumnal equinox of the southern hemisphere.
Nevertheless, as the most densely inhabited and civilized parts of
the globe arc in the northern hemisphere, the names in reference to
the Jocal phenomena are usually preserved.

2484. THE Zop1Ao. —It will be shown hereafter that the ap-
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parent motions of the planets are included within a space of the
ocelestial sphere extending a few degrees north and south of the
ecliptic. The zone of the heavens included within these limits is
called the zobr1ac.

2435. The signs of the zodiac. — The circle of the zodiac is di-
vided into twelve equal parts, called s1GN8, each of which therefore
measures 30°. They are named from principal constellations, or

ups of stars, which are placed in or near them. Beginning
g:?m the vernal equinoxial point, they are as follows :—

«s P | 7. Libra (the balance) ...........
«w ¥ | 8. Scorpio (the scorpion).......
o | 9. Bagittarius (the archer).

1. Aries (the rtn&.....
2. Taurus (the bull) .
8. Gemini (the twins)

4. Cancer (the crab). o3 [10. Capricornus (the goat) ......
6. Leo (the lion) ........... s esrncone b [11. Aquarius (the waterman)... %
6. Virgo (the virgin) ........ oeanes NR 112. Pisces (the fishes) ............ *

Thus the position of the vernal equinoctial point is the FIRsT
POINT OF ARIES, and that of the autumnal the FIRST POINT oOF
LIBRA. The summer solstitial point is at the FIRST POINT oOF
CANCER, and the winter at the FIRST POINT OF CAPRICORN.

2436. The tropics. —The points of the ecliptic at which the
oentre of the sun is most distant from the celestial equator are also
called the TROPICS, — the northern being the TROPIC OF CANCER,
mt'?mt;h;se southern the rn:ﬁc OF ]f::nmonu. b to th

is term TROPIO i8 applied in geography to those parts of
the earth whose distances from the terrestrial . iator are equal to
the greatest distauce of the centre of the solar disk from the celes-
tial equator. The NORTHERN TROPIC is, therefore, a parallel of
latitude 23° 28’ north, and the SOUTHERN TROPIO a parallel of
latitude 23° 28’ south of the terrestrial equator.

2487. Celestial latitude and longitude.—The terms latitude and
longitude, as applied to objects on the heavens, have a signification
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
ecliptio; 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, ita
latitude is always 0°. At the vernal equinox its longitude is 0°, at
the summer solstioce it is 90°, at the autumnal equinox 180°, and at
the winter solstice 270°.

2438. Annual motion of the earth. — The apparent annual mo-
tion of the sun, described above, is a phenomenon which can 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
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revolation of the earth round the sun at rest. Either of these
causes would explain, in an equally satisfactory manner, all the cir-
cumstances attending the apparent anoual 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 hy-
potheses than to the other. « If, therefore, we are to choose between
them, we must seek the grounds of choice in some other circum-
stances.

It was not until the revival of letters that the annual motion of
the earth was admitted. Its apparcnt 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 gencral im-
pression, that if the globe moved, and especially if its motion had
80 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 ro-
tation 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 uniform, 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 objects which do not garticipate in the mo-
tion imputed to the earth. Now, when we look abroad at such
objects, we find that they appear to move exactly as stationary ob-
jects 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
eonscious 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 still prove
nothing positively on this question. We have, however, other
proofs, of a very decisive charaoter.

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 a
distance from each other, if they are in the first instance quiescent
and free, must move with an accelerated 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 them revolve in (gl)ita around that point periodically

1
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Now it will appear hereafter that the common centre of gravity
of the earth and sun, owing to the immense preponderance 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.

39. Motion of light proves the anriual motion of the earth. —
Since the principle of gravitation itself might be considered as more
or less hypothetical, it has been considered desirable to find other
independent and more direct proofs of a phenomenon, so fundamen-
tally important, and so contrary to the first impressions of mankind,
a8 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 inexplicable 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 definite 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 ex-
plicable 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 subee-
quent 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 be its speed if
it move at all, as will hcreafter appear, an effect would be produced
upon the apparent places of all celestial objects by the combination
of these two motions, which we shall now explain.

It has been stated that the apparent direction of a visible object
is the direction from which the visual ray enters the eye. Now
this direction will depend on the actual direction of the ray if the
eye which receives it be quiescent; but if the eye be in motion, the
same effect is produced upon the organ of sense as if the ray, be-
sides the motion which is proper to it, had another motion equal
and contrary to that of the eye. Thus, if light moving from the
north to the south with a velocity of 192,00% miles per second be
struck by an eye moving from west to east with the same velocity,

the effect produced by the light upon the organ will be the same as
if the eye, being at rest, were struck by the light having a motion
compounded of two equal motions, one from north to south, and the
other from east to west. The direction of this compound effect
would, by the principles of the composition of motion (176), be
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equivalent to a motion from the direction of the north-east. The
object from which the light comes would, therefore, be apparently

. displaced, and would be seen at a point beyond

.0 o that which it really occupies in the direction
Y ! in which the eye of the observer is moved.
Hy H This displacement is called accordingly the

3 i ABERRATION OF LIGHT.

v This may be made still more evident by the
v following mode of illustration. Let o, fig. 717,
Voot be the object from which light comes in the

H direction 00¢”. Let e be the place of the eye
of the observer when the light is at o, and let

L the eye be supposed to move from e to ¢’ in
LR the same time that the light moves from o to
¢’. Let a straight tube be imagined to be di-
rected from the eye at e to the light at o, s0
3 that the light shall be in the centre of its
Ly opening, while the tube moves with the eye

from Oe to ¢ ¢, maintaining constantly the
same direction, and remaining parallel to itself :
the light in moving from o to ¢, will
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
¥ig. 717 appearing in the direction oo, which is its
true direction, it would appear in the direction 00’ advanced from
o in the direction of the motion e¢” with which the observer is
affected.

The motion of light being at the rate of 192,000 miles per
second, and that of the earth (if it move at all) at the rate of 19
miles per second (both these velocities will be established hereafter),
it follows, that the proportion of o¢” to ee’” must be 192,000 to
19, or 10,000, to 1.

The ANGLE OF ABERRATION 000’ will vary with the obliquity
of the direction ee” of the observer’s motion to that of the visual
ray oe’. In all cases the ratio of oe” to e¢’ will be 10,100 to 1.
If the direction of the earth’s motion be at right angles to the
direction oe” of the object 0, we shall have (2294) the aberration.

_ 206,265
%= 70,100
If the angle o€ e be oblique, it will be necessary to reduce e¢”

to its component at right angles to o¢’, which is done by multiply-
ing it by the trigonometrical sine of the obliquity o¢”e of the di-

= 20"-42.
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rection of the object to that of the earth’s motion. If this obli-
quity be expressed by 0, we shall have for the aberrations in general

a=20"-42 X sin. 0.

According to this, the aberration would be greatest when the direc-
tion of the earth’s motion is at right angles to that of the object,
and would decrease as the angle o decreases, being nothing when
the object is seen in the direction in which the earth is moving, or
in exactly the contrary direction.

The phenomena may also be imagined by considering that the
earth, in revolving round the sun, constantly changes the direction
of its motion ; that direction making a complete revolution with the
earth, it follows that the effect produced upon the apparent place
of a distant object would be the same as if that object really re-
volved once in a year round its true place, in a circle whose plane
would be parallel to that of the earth’s orbit, and whose radius
would subtend at the earth an angle of 20”-42, and the object
would be always seen in such a circle 90° in advanoce of the earth’s
place in its orbit.

These circles would be reduced by projection to ellipses of in-
finitely various excentricities, according to the position of the
object with relation to the plane of the earth’s orbit. At a point
perpendicularly above that plane, the object would appear to move
annually in an exact circle. At points nearer to the ecliptic, its
apparent path would be an ellipse, the excentricity of which would
increase as the distance from the ecliptic would diminish, according
to definite conditions.

Now, all these apparent motions are actually observed to affect
all the bodies visible on the heavens, and to affect them in precisely
the degree and direction which would be produced by the annual
motion of the earth round the sun.

As the supposed motion of the earth round the sun completely
and satisfactorily explains this complicated body of phenomena
called aberration, while the motion of the sun round the earth
would altogether fail to explain them, they afford another striking
evidence og the annual motion of the earth.

2441. Argument from analogy.— In fine, another argument in
favour of the earth’s annual motion round the 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 seasons in all respects
gimilar to those which prevail upon the earth. It seems, therefore,
contrary to all probability, that the earth alone, being one of the
planets, and by no means the greatest in magnitude or physical im-
portance, should be a centre round which not only the sun, but all
the other planets, should revolve.
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2442, Annual parallax.—If the earth be admitted to move an-
nually round the sun, 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 view so extremely distant one from the other as are oppo-
gite extremities of the same diameter of such a circle, must neces-
sarily, as might be supposed, see these objects in very different
directions.

3+ To comprehend the effect which might be e ed to be pro-
duced upon the apparent place of a distant object by such a motion,
let EX' B £, fig. 718, represent the earth’s
e annual course round the sun as seen in per-
spective, and let 0 be any distant object
visible from the earth. The extremity ®
" of the line E0, which is the visual direction
of the object, being carried with the earth
round the circle EE B’ E”, will annually
describe a cone of which the base is the
path of the earth, and the vertex is the
place of the object 0. While the earth
moves round the circle RE”, the line of
visual direction would ;herefore have f‘b gﬁ-
responding motion, and the apparen
of the objgect would be sucoessively changed
with the change of direction of this line.
If the object be imagined to be projected
by the eye upou the firmament, it would
trace upon it a path 0o’ 0" 0", which would
be ciroular or elliptical, according to the
direction of the ogjech When the earth
is at E, the object would be seen at o; and
when the earth is at ”, it would be seen
at o’. The extent of this apparent dis-
glaeement of the object would be measured
y the angle E 0 £”, which the diameter £ &’
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
object produced by any change in the sta-
€ tion from which it 18 viewed is called PARAL-
& 1AX. That which is produced by the

change of position due to the diurnal motion

Fig. 718. of the earth being called DIURNAL PARAL-

LAX, the corresponding displacement due to the annual motion of
the earth is called the ANNUAL PARALLAX.
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The greatest amount, therefore, of the annual parallax for any
proposed object is the angle which the semidiameter of the earth’s
orbit subtends at such object, as the greatest amount of the diurnal
parallax is the angle which the semidiameter of the earth itself sub-
tende at the object.

Now, as the most satisfactory evidence of the annual motion of
the earth would be the discovery of this displacement, and suc-
cessive changes of apparent position of all objects on the firmament
oonsequent on such motion, the absence of any sueh phenomenon
must be admitted to constitute, prima facie, a formidable argument

inst the earth’s motion. bodien of the

2443. Its effects upon the bodvies o, solar system apparent. —
The effects o{annu{lm perallax are observable, and inm are of
considerable amount, in the case of all the bodies composing the
solar system. The apparent annual motion of the sun is altogether
due to parallax. The apparent motions of the planets and other
bodies composing the solar system are the effects of parallax, com-
bined with the real motions of these various bodies.

2444. But erroneously explained by the ancients— Prolemaic
system. — Until the annual motion of the earth was admitted, these
effects of annual parallax on the apparent motions of the solar sys-
tem were ascribed to a very complicated system of real motions of
these bodies, of which the earth was assumed to be the stationary
oentre, the sun revolving around it, while at the same time the
planets severally revolved round the sun as a moveable centre.
This hypothesis, proposed originally by Apollonius of Perga, a
Grecian astronomer, some centuries before the birth of Christ, re-
oceived the name of the ProLEMATO SYSTEM, having been devel-
oped and explained by ProLEMY, an Egyptian astronomer who
flourished in the second century, and whose work, entitled ¢ Syntax,’”
obtained great celebrity, and for many centuries continued to be
received as the standard of astronomical science.

Although Pythagoras had thrown out the idea that the annual
motion of the sun was merely apparent, and that it arose from a
real motion of the earth, the natural repugnancy of the human
mind to admit a supposition so contrary to received notions pre
vented this happy anticipation of future and remote discovery from
receiving the attention it merited; and Aristotle, less ious 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 Pythagorean hypothesis of the stability of the sun and the
motion of the earth.

2445. Copernican system.—The hypothesis pro by him
in a work entitled “De Revolutionibus Orbium Cwlestium,” pab-
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lished in 1548, at the moment of his death, is that since known as
the CorERNICAN S¥sTEN, and, being now established upon evi-
dence sufficiently demonstrative to divest it of its hypothetical
character, is admitted as the exposition of the actual movements by
which that part of the universe called the solar system is affected.

2446. Effects of annwal parallax of the sturs.— The greatest
difficulty against which the Copernican system has had to struggle,
even among the most enlightened of its opponents, has been the
absence of all apparent effects of parallax among the fixed stars,
those objects which are scattered in such countless numbers over
every part of the firmament. From what has been explained, it
will be perceived that, supposing these bodies to be, as they evi-
dently must be, placed at vast distances outside the limits of the
solar system and in every imaginable direction around it, the effects
of annual parallax would be to give to each of them an apparent
annual motion in a circle or ellipse, according to their direction in
relation to the position of the earth in its orbit, the ellipse varying
in its eccentricity with this position, and the diameter of the circle
or major axis of the ellipse being determined by the angle which
the diameter EE” (fig. 718) of the earth’s orbit subtends at the
star, being less the greater the distance of the star, and vice versd.
The apparent position of the star in this circle or ellipse would be
evidently always in the plane passing through the star and the line
joining the sun and earth.

2447, Close resemblance of these to aberration. — Now, it will be
apparent, that such phenomena bear a very close resemblance to
these of aberration already described (2440). In both the stars
appear to move annually in small circles when situate 90° from the

iptic; in both they appear to move in small ellipses between that
position and the ecliptic; in both the eccentricities of the ellipses
increase in approaching the ecliptic; and in both the ellilﬁses flatten
into their transverse axis when the object is actually in the ecliptio.

2448. Yet aberration cannot arise from parallax. — Notwith-
standing this close correspondence, the phenomena of aberration are
utterly incompatible with the effects of annual parallax. The ap-
parent displacement produced by aberration is always in the diree
tion of the earth’s motion, that is to say, in the direction of the
tangent to the earth’s orbit at the point where the earth happens to
be placed. The apparent displacement 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 aberra-
tion is exactly the samo, that is 20”-42, for all the stars ; while the
apparens axis of the ellipse or diameter of the circle due to annual
parallax would be different for stars at different distances, and wounld
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
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supposition that all stars are at the same distance from the solsr
system, a supposition that cannot be entertained.

2449. General absence of parallax explained by great distance.
— Since, then, with two or three exceptions, which will be ncticed
hereafter, no traces of the effects of annual parallax have been dis-
covered among the innumerable fixed stars by which the solar sys-
tem 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 regarded as conclusive, the absence of
parallax can only be ascribed to the fact that the stars generally are
placed at distances from the solar system compared with which the
orbit of the earth shrinks into a point, and therefore that the mo-
tion of an observer round this orbit, vast as it may seem compared
with all our familiar standards of magnitude, produces no more ap-
parent 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 revolution 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 com-
pletes its revolution upon it in twenty-three hours and fifty-six
minutes. In consequence of the combination of this motion of ro-
tation of the earth upon its axis with its annual motion round the
sun, we are supplied with the alternations 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 sun, the greater portion of its northern hemi-
sphere is enlightened, and the greater portion of the southern hemi-
sphere is dark. This position is represented in fig. 719, where N
is the north pole, and s the south pole. The days are therefore
longer than the nights in the northern hemisphere. The reverse
is the case with the southern hemisphere, for there the greater seg-
ments 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 towards the
sun, which it does exactly at the opposite point of the earth’s an-
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nual orbit, circumstances are reversed: then the days are longer
than the nights in the southern hemisphere, and the nights are

Fig. 719. Fig. 720,

longer than the days in the northern hemisphere. At the interme-
diate points of the earth’s annual path, when the axis assumes a
position perpendicular to the direction of the sum, fig. 720, then
the circle of light and darkness passes through the poles; all paral-
lels in every part of the earth are equally divided, and there is con-
sequently equal day and night all over the globe.

In the annexed perspective diagram, fig. 721, these four positions
lolfgl gxe earth are exhibited in such a manner as to be clearly intel-
igible.

Fig. 121

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
tarned 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.

The annual variation of the position of the sun with reference to
the equator, or the changes of its declination, are explained by these
motions. The summer solstice — the timo when the sun’s distanoe

r.
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from the equator is the greatest — takes place when the north pole
leans towards the sun ; and the winter solstice— 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 tropics them-
selves 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 continually approaches the gzenith. 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 gzenith,
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 all places beyond the tropics in the
northern hemisphere, therefore, 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 meridional alti-
tude which determine the influence of the sun in different places.

2451. Mean solar or civil time.— It has been explained that the
rotation of the earth upon its axis is rigorously uniform, and is the
only absolutely uniform motion among the many and complicated
motions observable on the heavens. This quality would render it
a highly convenient measure of time, and it is accordingly adopted
for that purpose in all observatories. The hands of a sidereal clock
move in perfect accordance with the apparent motion of the fir-
mament.

But for civil purposes, uniformity of motion is not the only con-
dition 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 observable 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 mankind
in general are, and must remain, altogetber unconscious.

2452. Civil 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 measure of time. This
interval, called a CIVIL 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
oivil 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
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when the centre of the sun is on the meridian, the moment of which
is called NOON or MID-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 been ado) as the
commencement of one day, and the end of the other. pled

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 return to
the meridian after the same interval that elapses between the suo-
cessive transits of a fixed star. But since the sun, as 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 of the sun
increases its right ascension from day to day, and this increase varies
according to its position on the ecliptic. When the circle of deeli-
mation on which the centre of the sun is placed at noon on one day
returns to the meridian the next day, the 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 not consequently come to the meridian until a
few minutes later, when this other circle of declination, by the di-
urnal 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 ascension is variable,
the difference between a sidereal day and the interval between the
successive transits of the sun is likewise 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 the right
ascension of the true sun thus varies. The time measured by the
motion of this imaginary sun is called MEAN S8OLAR TIME, and the
time measured by the motion of the true sun is called APPARENT
S0LAR TIME.

The difference between the apparent and mean solar time is called
the # EQUATION OF TIME.”

The variation 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
spparcnt time is never considerable. .
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The time indicated by a sun-dial is apparent time, that indieated
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 determine

with the greatest practical precision the distance of the sun from the
earth is attended with great difficulties, many 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 upon the earth, no matter how far they are apart, no difference
will be discovered between them, unless means of observation sus-
ceptible 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 magnitude 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 17”-2,
or about the hundredth part of the apparent diameter of the sun as
seen from the earth.
. Supplied with this datum, and the actual magnitude of the diame-
ter of the earth, we can calculate the distance of the sun by the rule
explained in 2298. If » express the distance of tho sun, and a the
diameter of the earth, we shall have

_ 2,062,650

=73 xXa=11,992x a.

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 must be

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 astronomical
distances generally are ex&ressed, it is of the highest importance 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 Encke, that when the
earth is at its mean distance from the sun, the semidiameter of the
terrestrial equator subtends at the sun an angle of 8”-5776. This
is therefore the mean equatorial horizontal parallax of the sun; and
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if r express the semidiameter of the equator, and D the mean distance
of the earth from the sun, we shall therefore have

206265
D= ‘8—'5-7'73)("—24047xf,
and since the semidiameter of the equator measures 8962-8 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 precision
is required, to kmow the limit of this error, in order to appreciate
the extent to which such results are to be relied upon. 1In all cases
this is possible, a major and minor limit of the computed or observed
quantity being assignable, which cannot be exceeded. In the present
case the value of D canuot 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 = 95,411,097 miles,
or Jess than

95,293,452 — 117,645 = 95,175,807 miles.

2457. Linear value of 1” at the sun’s distance. — By what has
been explained in 2298, it appears that the linear value of 1” at the
sun’s distance is

95,000,000

206,265 =466 miles.

2458. Daily and hourly apparent motion of the sun, and real
motion of the earth.—Since the sun moves over 360° 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 tiat the disk of the sun appears to move in the firmament
daily over a space nearly cqual to twice its own apparent diameter.

Its hourly & nt motion is
T g
24 )
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 & year, it follows that the daily orbitual
motion of the earth is

8548 x 466 = 1,653,368 miles,
and jts motions per hour, minute, and second, aro

68,890 miles per hour,
1,148 miles per minute,
19-1 miles per second.

16*
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2469. Orlit of the earth elliptical. — In what precedes, we have
considered the path of the earth around the sun, called by astro-
nomers its ORBIT, to be a circle, in the centre of which the centre
of the sun i3 placed. This is nearly true, but not exactly so, as
will appear from the following observed phenomena.

Let a telescope supplied with the micrometric wires deseribed 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. 722. Let
the observer then watch from day to day the appearance of the sun

Fig. 722. Fig. 723. Fig. 124,

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. 728. And after a further lapse of
time, he will find, on the other hand, that they fall a little without
it, as in fig. 724.

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, i 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 distinctly perceptible. What, then, it may be asked, must
be its cause? Is it possible to imagine that the sun really under-
goes a change in its size? This idea would, under any circum-
stances, be absurd; 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 a8 minimum, and then for the next half year it
increases until it attains a maximum — such a supposition as that
of a real periodical change in the globe of the sun becomes altogether
incredible.

If, then, an actual change in the maguitude of the sun be impoe-
sible, 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 ubvious explanation of the changes of appearance
that are observed, and it has been demonstrated aecordingly to be
the true one.

On examining the change of the apparent diameter of the sun, it
is found that it is lcast on the 1st of July, and greatest on the 81st
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of December; that from December to July, it regularly decreases;
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
versd (1118), the variation of the distance of the earth from the sun
in every position which it assumes in its orbit can be exaotly ascer-
tained. A plan of the form of the orbit may therefore laid
down, having the point occupied by the centre of the sun marked in
it. Such a plan proves on geometric examination to be an ellipse,
the place of the sun being one of the foci.

2460. Method of describing an ellipse — its foct, axis, and eccen-
tricity. —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, 8o as to keep the thread
tight, it will trace an ellipse, of which the two points are the FocI.

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,
llThe middle point of the major axis is called the CENTRE of the
ellipse.

'IP'E: fractional or decimal number which expresses the distance
of the focus from the centre, the semiaxis major being taken as the
unit, is called the eccentricity of the ellipse.

In fig. 725, 0 is the centre, 8
and 8’ the foci, A B the transverse
axis.

The less the ratio of 8 8 to A B,
or, what is the same, the less the
A . B eccentricity is, the more nearly the
form of the ellipse approaches to
that of a circle, and when the foci
actually coalesce, the ellipse be-
comes an exact circle.

Fig. 725. 2461. Eccentricity of the earth’s

orbit. — The eccentricity of the

elliptic orbit of the earth is so small, that if an ellipse, rcpresenting

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 ascertained to be only 0-01679.

The semiaxis major, or mean distance, being 1-0000, the greatest
and least distances of the earth from the sun will be —

B 8 = 1-0000 4 0-01679 = 1-01679
A 8 = 10000 — 0-01679 = 0-98321.
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The difference betwcen these extreme distances is, therefore, only
0-03358. 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 mearest 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 aphe-
lion 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.

2468. Variations of temperature through the year. — The suo-
occssion of spring, summer, autumn, and winter, and the variations
of temperature of the seasons — 80 far as these variations 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 sur-

face, will depend partly on its altitude above the horizon. The
greater that altitude is, the more perpendicularly the rays will fall,
and the greater will be their calorific effect.

To explain this, let us suppose A B ¢ D, fig. 726, to represent a
beam of the solar light; let ¢ D
represent a portion of the earth’s
surface, upon which the beam
would fall perpendicularly; and
let CE represent that portion on
which it would fall obliquely ; the
same number of rays will strike

Fig. 726. the surfaces ¢ D and CE; but the
surface C E being obviously %rezter
than c D, 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 ¢ D will be heated more than C E in just the
same proportion as CE is greater than op. But if we would com-
two surfaces on neither of which the sun’s rays fall perpendi-
cularly, let us take cE and c¥. They fall on 0 E with more obli-
quity than on cF; but CE is evidently greater than cF, 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 proportionably less.

If the sun be in the zenith, its rays will strike the surface per-
pendicularly, 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
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will be the direction in which its rays will strike the surface at
npon, 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 cvery increase of its meridian altitude.

Hence it is that the heat of summer increases as we approach the
equator. The lower the latitude is, the greater will be the height
to which the sun will rise. The meridian altitude of the sun at the
summer solstice being everywhere outside the tropics forty-six
degrees and fifty-six minutes more than at the winter solstice, the
heating effect will be proportionately greater.

Buit 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
borigon, it is continually imparting heat to the air and to the surface
of the earth; and while it is below the horizon, the heat is con-
tinually being dissipated. The longer, therefore, — other things
being the same, — the sun is above the horizon, 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 sun-
rise and sunset, the sun, by its calorific effect, imparts a oertain
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
apon its altitude ; but it so happens that one of these circumstances
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 considered, in understanding how it happens that, not-
withstanding 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 contrary, 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 nights longest — is not usually the coldest day,
but that, on the other hand, the most inclement weather oocurs at a
Iater period.
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To explain this, 8o far as it depends on the position of the sun
and the length of the days and nights, we are to consider the fol-
lowing circumstances :—

As midsummer approaches, the gradual increase of the tempe-
rature of the weather has been explained thus: The days bein,
considerably longer than the nights, the quantity of heat imparteg
by the sun during the day is greater than the quantity lost during
the night ; and the entire result during the twenty-four hours gives
an increase of heat. As this angmentation takes place after each
successive day and night, the general temperature continues to in-
crease. On the 21st of June, when the day is longest, and the
night is shortest, and the sun rises highest, this augmentation
reaches its maximum; but the temperature of the weather does
not therefore cease to increase. After the 21st of June there con-
tinues to be still a daily angmentation of heat; for the sun still con-
tinues 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 the day is just balanced by the heat
lost during the night. There will be, then, no further increase of
temperature, and the heat of the weather will have attained its
maximum.

But it might occur to a superficial observer, that this reasoning
would lead to the conclusion that the weather would continue 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 equal to that
gain of heat per hour during the day. But such is not the case;
the loss is more rapid 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.

he same reasoning will explain why the coldest weather does
not usually occur on tfe 218t of December, when the day is shortest
and the night longest, and when the sun attains the lowest meridi-
onal altitude. The decrease of the temperature of the weather
depends upon the loss of heat during the night being greater than
the gain during the day; and until, by the increased length of the
day and the diminished length of the night, these effects are ba-
lanced, 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
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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 1st of
January, and most distant from 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 1st of January would be considerably greater than
on the Ist of July. If this were admitted, it would follow that the
annual motion of the earth in its elliptic orbit would have a ten-
dency to diminish the cold of the winter in the northern hemisphere,
and mitigate the heat of summer, 80 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 summer, and the 1st
of July in the middle of winter, its effects would be to aggravate the .
cold in winter and the beat in summer. The investigations, how-
ever, 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 calo-
rific 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 con-
jointly on its distance from the sun and the length of time it takes
to traverse that portion of its orbit. In fact, it has been ascertained
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 velocity is least, and conse-
quently the hourly changes of longitude of the sun will be propor-
tionally less. Thus it appears that what the heating power loses
by augmented distance, it gains by diminished velocitg ; and again,
when the earth is nearest to the sun, what it gains by diminished
distance, it loses by increased spced. There is thus a complete com-
pensation produced in the heating effect of the sunm, by the dimi-
nished 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 DAYS, or pog
pays. These days were generally reckoned as forty, commencing
about the 3d of July, and received their name from the fact, that in
ancient times the gri ht 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 canine race. Owing to a cause which will
be explained hereafter (the precession of the equinoxes), this star
no longer rises with the sun during the hot season.



192 ASTRONOMY.

CHAP. IX.
THE MOON.

2465. The moon an object of popular tnterest. — Although it be
in mere magnitude, and physically considered, one of the most in-
siguificant bodies of the solar system, yet for various reasons the
MOON has always been regarded by mankind with feelings of pro-
found 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 organized world. It has been
as much an objcct of popular superstition as of scientific observation.
These circumstances doubtless are in some degree owing to ita
striking appearance in the firmament, 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

e # moon is computed, by the method explained
in 2328, by first ascertaining its hormontal

arallax.

Let £ and ¥, fig. 727, be the opposite
ends of a diameter of the earth, and let M
be the place of the moon’s centre. Let 8
be any conspicuous star seen near the moon
in the heavens, in the plane of the points
E, ¥, and M. The apparent distance of this
star from the moon’s centre is 8s to an ob-
server at E, and it is 8¢ to an observer at E’.
The difference of these distances & s is the
arc of the heavens which measures the angle
8MJ4, or, what is the same, the angle EM ¥,
under which the diameter EE’ of the earth
would be seen from the moon.

Now the arcs ss and 8¢ can be and
have been measured, and their mean differ-
ence s¢ has been ascertained to be 114/ 127
= 6852", subject to a slight variation,
from a cause which will presently be ex-
plained.

It appears, from what has been explained
in 2327, that half the angle EM¥ is the

g moon’s horizontal parallax, which is therefore
57 6" =23426".
The moon’s distance, therefore, computed
Fig. 727, by the formula explained in 2328, is
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206265
8426
It follows, therefore, that the moon’s distance is about thirty
times the earth’s diameter ; and since the value of the latter is 7900
miles, the moon’s distance is
7900 x 30 = 237,000 miles,

or, 23 sppears by more exact computation, 237,630 miles.

2467. Linear value of 1” on +t. — Having thus ascertained the
moon’s distance, we are enabled, by the method explained in 2319,
to ascertain the actual length measured transversely to the line of
vision on the moon which corresponds to the visual angle of 1”.
This length is

ME= X r=602 x r.

237630 .
m = l 15 mlle.

By this formula any space upon the moon, measured by its visual
angle, can be reduced to its actual linear value, provided its direc-
tion be at right angles to the visual ray, which it will be if it be at
the centre of the lunar disk. If it be between the centre and the
edges, it will be foreshortened by the obliquity of the moon’s sur-
face 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. Iis apparent and real diameter. — The apparent diameter
of the moon is subject to a slight variation, owing to a correspond-
ing 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 fol-
lows that the superficial extent of the moon is about the fourteenth
part of the surface, and its volume about the forty-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 contrary 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 5° 8’ 48".
It completes its revolution of the heavens in 27% 7™ 44™.

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 whieh the apparent revolntilon is completed.

118 7
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2470. Hourly motion, apparent and real.—Since the time taken
by the moon to make a complete revolution, or 360° of the heavens,
is 274 7™ 44™ or 65573, it follows, that her mean apparent motion
per day is 13° 10’ 85", and per hour is 32’ 42", which is a little
more than her mean apparent diameter. The rate of the moon’s
apparent motion on the firmament may therefore be remembered by
the fact, that she moves over the length of her own spparent
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 6-9 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 cha-
racter, 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 foct. This fact can be ascertained
by immediate observation upon the apparent 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 a maximum.

When the apparent magnitude is least, it is at its greatest dis-
tance, and when greatest, at its least distance. The positions in
which these distances lie are directly opposite. Between these two
positions the apparent sigze of the moon uundergoes a regular and
gradual change, increasing continually from its minimum to its
maximum, and consequently between these positions its distance
must gradually diminish from its maximum to its minimam. If we
lay down 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 the
apsides. — The point of the moon’s path in the heavens at whiech
its magnitude appears the greatest, and when, therefure, it is near-
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est the earth, is called its perigee ; and the point where its apparent
#se is least, and where, therefore, its distance from the earth is
greatest, is called its apogee. These two points are called the moon’s
upsidrs.

If the positions of these poiuts in the heavens be observed accu-
rately 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 cf 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 east, or progressive. This phenomenon is called the PROGRES-
SION OF THE }OON’S APSIDES.

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 malke a cowplete revolution in 885 years.

2473. Moon’s nodes — ascending and descending node— their re-
trogression. — 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 moon’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 position is the node. The node at which the moon
passes from the south to the north of the ecliptic is called the as-
cending node, and that at which it passes from the north to the
wouth is called the descending node. )

These points, like the apsides, are subject to a'small change of
position, but in a retrograde direction. They make a complete revo-
lation of the ecliptic in a direction contrary to the motion of the
son in 18-6 years, being at the rate of 3’ 10”-6 per day.

2474. Rotation on 1its axis. — While the moon moves round the
arth thus in its monthly course, we find, by observations of its
sppearance, made even without the aid of telescopes, that the same
hemisphere is always turued towards us. We recognise this fact
by observing that the same marks are always seen in the same posi-
tons upon it. Now in order that a globe which revolves in a circle
wronnd a centre should turn ocontinually the same hemisphere
toward that centre, it is necessary that it should make one revolu-
tion upon its axis in the time it takes so to revolve. For let us
suppoee that the globe, in any one position, has the centre round
which it revolves north of it, the hemisphere turned toward the
ceutre is turned toward the north. After it makes a quarter of a
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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 esst.
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 succes:

ints of the compass in one revolation, it is «
itself must make a single revolution on its axi

It appears, then, that the rotation of the moc

ual to that of its revolution in its orbit, is

™ The intervals of light and darkness to 1
moon, if there were any, would then be alto
those provided in the planets; there would b
continued light alternately with 327 2™ of
the analogy, then, which, as will hereafter aj
the planets with regard to days and nights, an:
argument in favour of the conclusion that the:
like the earth, does not hold good in the case

2475. Inclination of axis of rotation.— A
proposition it be true that the same hemisphe
ways turned toward the earth, yet there are ¢
edge, called librations, which it is necessary to
the moon is not exactly perpendicular to its o:
the small angle of 1° 80/ 10”-8. By reason of this inclination, the
northern and southern poles of the moon lean alternately in a alight
degree to and from the earth.

2476. . Libration in latitude.—When the north pole lcans towards
the earth, we see a little more of that region, and a little 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 longituds. — In order that in a strict sense
the same hemisphere should be continually turned toward the earth,
the time of rotation upon its axis must not only be equal to the time of
rotation in its orbit, which in fact, it is, but its angular velocity on
its axie in every part of its course, must be exactly equal to its an-
gular velocity in its orbit. Now it happens that while its angular
velocity on its axis is rigorously uniform throughout the month, its
angular velocity in its orbit is subject to a slight variation ; the con-
sequence of this is that a little more of its eastern or western ed,
is seen at one time than at another. This is called the LiIBRATION
IN LONGITUDE.

2478. Diurnal Lbration. — By the diurnal motion of the earth,
we are carried with it round its axis; the stations from which we
view the moon in the morning and evenirg, or rather when it rises
and when it sets, are then different according to the latitude of the

e e — ——
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earth in which we are placed. By thus viewing it from different
places, we see¢ it under slightly different aspects. This is another
cause of a 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 sun; it
therefore takes various positions in reference to the earth. In fig.
728, the effects of this are exhibited. Let E s represent the direc-

Fig. 728,

tion of the sun, and E the earth ; when the moon is at N, between
the sun and the earth, its illuminated hemisphere being turncd to-
ward the sun, its dark hemisphere will be presented toward the
earth ; it will therefore be invisible. In this position the moon is
said to be in CONJUNCTION.

When it moves to the position ¢, the enlightened hemisphere be-
ing still presented to the sun, a small portion of it only is turned
to the earth, and it appears as a thin creseent, as represented at e.

When the moon takes the position of @, at right angles to the
fun, it is said to be in QUADRATURE; one half of the enlightened
heinisphere ouly is then presented to the carth, and the moon ap-
pears halved, as represented at ¢.

When it arrives at the position G, the greater part of the en-
lightened portion is turned to the earth, and it is gibbous, appearing
as represented at g.

When the moon comes in OPPOSITION to the sup, as scen 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 bappens. In the same manner it is shown that
at 6’ it is again gibbous; at Q' itl ls* halved, and at ¢’ it is a crescent.

q
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When the moon is full, being in opposition to the sun, it will ne-
cessarily be in the meridian at midnight, and will rise as the sun
scts, and set as the sun rises; and thus, whenever the enlightened
hemisphere is turned toward us, and when, therefore, it is the most
capable of benefiting wus, 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 ac-

* cordingly up during the day. The position at Q is called the “first
quarter,” and at Q' the ¢ last quarter.” The position at ¢ is called
the first octant; a the second octant; G’ 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 apparent 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
86525 days, and therefore moves over it at about 61’ per day, the
moon moves at the rate of 18° 10’ 35” (2470) per day. As the
sun and moon appear to move in the same direction in the firma-
ment, both proceeding from west to east, the moon will, after con-
junction, 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° 9’ 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 evenin%, it will, at the mo-
ment 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
sup ; it will be at or near the meridian at sunset. It will remain
in the heavens for about six hours after sunset, and will be 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 might.
After the lapse of about twenty-two days, the distance of the moon
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 be-
fore 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
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the period of the moon. But from what has been explained, it

will be cvident that while the moon makes its apparent revolation
of the heavens in about 27-3 days, the sun advances through some-
what more than 27° of the heavens, tn the same direction. Before
the moon can reassnine the same phase, it must have the same

sition relative to the sun, and must, therefore, overtake it. E;
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 Junar month, or the interval between two successive conjunctions,
is about two days longer than the sidereal period of our satellite.

The exact length of the synodic period 18 29% 12* 14™ 2*-87, or
28:53059 mean solar days.

2481. Muss and density. — The methods by which the mass or
weight of the moon has been ascertained will be explained here-
after; meauwhile it may be stated here that the result of the most
recent solutions of this problem, by various methods 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
a 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 tho
90th part of that of the carth, it follows that its mean density must
be little more than half the density of the carth, and therefore
(2393) about 2-83 timnes 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 en-
velope like the atmosphere of the earth, it is necessary first to con-
sider what appearances such an appendage would present, seen at
the moon’s distance, and whether any such appearances are dis-
eoverable.

According to ordinary and popular notions, it is difficult to sepa-
nte the idea of an atmosphere from the existence of clouds; yet to
produce clouds something more is necessary thanair. The presenco
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 im-
mediately discover them, by the variable lights and shadows they
wonld produce. If therc is, then, an atmosphere upon the moon,
it is one entirely unaccompanied by clouds.

Oue of the effects produced by a distant view of an atmosphere
surrounding a globe, one hemisphere of which is illuminated by the
sup, is, that the boundary, or line of separation between the hemi-
sphere enlightened by the sun and the dark hemisphere, is not
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sudden and sharply defined, but is gradual — the light fading away
by slow degrees into the darkness.

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 would be perceived by the naked eye, and still more dis-
tinctly 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 con-
trary, 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 reflecting light in
any sensible degree.

2483. 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. ~Astronomers, however,
have resorted to another test of a much more decisive and delicate
kind, the nature of which will be understood by explaining a simple
principle of optics.

Let mm', fig. 729, represent the disk of the moon. Let aa’
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Fig. 729.

represent the atmosphere which surrounds it. Let smeand sm'e
represent two lines touching the moon at m and m’, and proceeding
towards the earth. Let ss be two stars seen in the direction of thesc
lives. 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 dircctly towards the earth; but if the mooa
have an atmosphere, then that atmosphere will possess the property
which is common to all transparent media of refracting light, and,
in virtue of such property, stars in such positions as ¢ ¢’, behind the
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oige of the moon, w&uld be o:i;;b!e at ot::;l e;;thb:’ for the ray #m,
in passing through the atmosphere, w nt at an angle
in the dir%cﬁon m ¢, and in like manner the ray & m’ would be bgnt
at the angle m’ & — 8o that the stars & s’ would be visible at ¢' ¢,
potwithstanding 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 ocontinually visible at
its edge which are really behind it if it bave 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 8o accurately known that nothing is more easy, cer-
tain, 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 has calculated that if the difference between the apparent
diameter of the moon, and the arc of the firmament moved over by
the moon’s centre during the oocultation of a star, centrically oc-
culted, 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 extreme height of 24,000 feet, the
density of the lunar atmosphere, whose refraction would produce
such an effect, would not exceed the 968th part of the density of
the earth’s atmosphere, supposing the two fluids to be similarly con-
stitated. Nofr would this;‘ conclusion be x:aﬁeﬁallgl&nodiﬁegwy :lllly
supposition of an atmosphere com o ifferent from the
eotl:spt'i):lents of the eartl?’s atmos; m et

The earth’s atmosphere supports a column of 80 inches of mer-

: an atmosphere 1000 times less dense would support 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, after that instrument has withdrawn from
it the air to the utmost extent of its power.

If further proofs of the nonexistence of a lunar atmoephere were
required, Sir J. Herschel indicates several which are found in the
phenomena of eclipses. In a solar eclipss the existence of an at-
mosphere baving 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.

It there were any appreciable quantity of vapour suspended over
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the moon’s surface, very faint stars ought to disappear behind it
before the moment of their occultation by the interposition of the
moon’s edge. Such, however, is not the case. When occulted at
the enlightened edge of the lunar disk, the light of the moon over-
powers 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 occultation 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 secn by the aid of a telescope, come up close to the limb with-
out any sensible diminution of their brightness, and undergo an ex-
tinction as instantaneous as the largest and brightest by the inter-
position of the moon’s limb.

2484. Moonlight not sensibly calorific. —1It has long been an
object of inquiry whether the light of the moon has any heat ; but
the most delicate experiments and observations have failed to detect
this property in it. The light of the moon was collected into the
focus of a concave mirror of such magnitude as would have been
sufficient, if exposed to the sun’s light, to evaporate gold or plati-
num. The bulb of a differential thermometer, sensitive enongh to
show a change of temperature amounting to the 500th part of a
degree, was placed in its focus, €0 as to receive upon it the concen-
trated rays. Yet no sensible effect was produced. We must, there-
fore, conclude that the light of the moon does not possess the calo-
rific property in any sensible degree. But if the rays of the moon
be not warm, the vulgar impression that they are cold is equally
erroneous. We have seen that they produce no effect either way on
the thermometer.

2485. No liquids 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 sur-
face, since they would be subject to evaporation. Sir John Herschel,
however, ingeniously suggests that the nonexistence of vapour is
not conclusive agninst 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 msieéxt 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
colightened hemisphere than it would rush to the vacuum over the
dark hemisphere, where it would be instantly condensed and con-
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gealed, an effect which Herschel aptly illustrates by the familiar
experiment of the CRYOPBORUS. The consequence, as he ob-
terves, of this state of things, would be absolute aridity below the
vertical sun, constant accretion of hoar froet in the opposite region,
and perhaps a narrow zone of running water at theogordm of the
enlightened hemisphere. He conjectures that this rapid alternation
of evaporation and condensation may to some extent preserve an
cquilibrium of temperature, and mitigate the severity of both the
diurnal and nocturnal conditions of the surface. He admits, ncver-
theless, that such a supposition 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 telescope, 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 the
possibility of the existence of water in the liquid state on the moon,
that, in the absence of an atmosphere, the temperature must neccs-
sarily 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 suow line
does not exceed 16,000 feet (2187), and nevertheless at that eleva-
tion, and still higher, there prevails an atmosphere capable of sup-
porting a considerable column of mercury. At somewhat greater
elevations, but still in an atmosphere of very sensible density, mer-
cury is congealed. Analogy, therefore, justifies the inference that
the total, or nearly total, absence of air upon the moon is altogether
incompatible with the existence of water, or probably any other
body in the liquid state, and necessarily infers a temﬁrature alto-
gether incompatible with the existence of organised beings in any
respect analogous to those which inhabit the earth.

Bat 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 result from the long-
continued action of water. The mountain formations with which
tho 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 (928) that the general
diffasion of the sun’s light upon the earth is mainly due to the
reflection and refraction of the atmosphere, and to the light reflected
by the clouds; and that without such means of diffusion the solar

\light would only illuminate those places into which its rays would
directly peaetrate. Every place not in full sunshine, or exposed to
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some illuminated surface, would be involved in the most pitchy
darkness. The sky at noon-day would be intensecly 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 heat, such
as an atmosphere supplies, prevail, it is impossible to conceive the
exis‘t;ence all:d maintenance of an organised world having any analogy
to the carth.

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 description,
differing in many respects from those presented to the inhabitants
of our globe. The heavens would be perpetually serene and cloud-
less. The stars and plancts would shine with extraordinary splen-
dour during the long night of 828 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 hemisphere would never see the earth; while the
inhabitants of the other would have it constantlyin their firmament
by day and by night, and always in the same position. To those
who inhabit 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 those 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 gzenith, and also
at a fixed and invariable azimuth ; the distance from the zenith bein
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 super-
ficial magnitude about fourteen times greater, and it would conse-
quently have a proportionately illuminating power.

Earth light at the moon would, in fine, be about fourteen times
more intense 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 eorrespondi%hphases would be separated by theas

interval of half a month. en the moon is full to the earth, the



THERE MOOXN. 205

earth is new to the moon, and vice versd : when the moon is a
arescent, the earth is gibbous, and vice versd.

The featares of light and shade would not, as on the moon, be
all permanent and invariable. 8o far as they would arise from the
clouds floating in the terrestrial atmosphere, they would be variable.
Neverthelees, their arrangement would have a certain relation to the
equator, owing to the effect of the prevailing atmoepheric currents
panallel to the line.* This canse 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 gimilar to the BELT8 which, as will appear hereafter, are
observed upon some of the planets, and which are ascribed to a
like physical cause.

Through the openings of the clouds the permanent geographical
features of the surface of the earth would be apparent, and would
probably exhibit a variety of tints aocording to the prevailing cha-
nacters of the soil, as is obeerved 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 ascer-
tained. The continents and seas wouil be seen to disappear in suc-
cession 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 <3 faintly vissble at new
moon. — Soon after conjunction, when the moon appears as a thin
crescent, but is 8o removed from the sun as to be seen at a suffi-
cient altitnde after sunset, the entire lunar disk appears faintly
illominated 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
illomination. As the lunar crescent increases in breadth, the phase
of the earth as scen from the moon becomes less and less full, and
the inteneity of the illumination is proportionately diminished.
Hence we find, that as the lunar crescent passes gradually to the
E:ﬂer, the complement of the lunar disk becomes gradually more

intly visible, and soon disappears altogether.

2489. Physical condition of the moon’s surface.—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 moon. Thus the features that

® See Chapter on the tides and trade winds.
11, 18
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ocoupy its centre now have occupied the same position throughott
all human record. We have already stated that the first and most
obvious inference which this fact suggests, is that the same hemi-
sphere of the moon is always presented toward the earth, and conse-
quently, the other hemisphere is never seen.
teristic which attaches to the motion of the m
seems to be a general characteristic of all other
Sir William Herschel, by the aid of his powerfi
indications which render it probable that tt
revolve in the same manner, each presenting
hemisphere to the planet. The cause of thi
been attempted to be explained by the hypo
sphere of the satellite, which is turned towa
elongated and protuberant, and it is the exces
makes it tend to direct itself always toward the
to the universal principle of attraction. Be
effect is, that our selenographical knowledge
to that bemisphere which is turned toward us

But what is the condition and character of the surface of
moon? What are the lineaments of light and shade which we'§
upon it? There is no object outside the earth with which the
scope has afforded us such minute and satisfactory information. "

If, when the moon is a crescent, we examine with a tel y
even of moderate power, the concave boundary, which is that pert
of the surface where the enlightened hemisphere ends and the dark
bemisphere begins, we shall find that this boundary is not an even
and regular curve, which it undoubtedly would be if the surface
were smooth and regular, or nearly so. If, for example, the lunar
surface resembled in its general characteristics that of our globe,
supposing that the entire surface is land, having the general charac-
teristics 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
darkened hemispheres, the shadows would be those of evening or
morning ; which are prodigiously longer than the objects themselves.
The effect of these would be to cause gaps or irregularities in the
general outline of the inner boundary of the crescent. With these
rare exceptions, the inner boundary of the crescent produced by a
globe like the earth would be an even and regular curve.

Such, however, is not the case with the inber boundary of the
lunar crescent, even when viewed by the naked eye, and still less
80 when maguified by a telescope.
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It is found, on the contrary, rugged and serrated, and brilliantly
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 seon 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
bas set in over the valleys at the
foot of the chain, the sun still
oontinues to illuminate the peaks
above.

The sketch of the lunar crescent
in fig. 730, will illustrate these
observations.

The visible hemisphere of our
satellite has, within the last quarter
of a century, been subjected to the
most rigorous examination which
unwearied industry, aided by the
vast improvement which has been
effected in the instruments of tele-
acoric observation, rendered possi-
sible; and it is no exaggeration

Fig. 780. now to state that we possess a

chart of that hemisphere which in

sccuracy of detail far exceeds any similar representation of the
earth’s surface.

Among the selenographical observers, the Prussian astronomers,
MM. Beer and Midler, stand pre-eminent. Their descriptive work
entitled Der Monde contains the most complete collection of observa-
tions on the physical condition of our satellite, and the chart, mea-
suring 37 inches in diameter, exhibits the most complete represen-
tation of the lunar surface extant. Besides this great work, a
selenographic chart was produced by Mr. Russell, from observations
made with a seven-foot reflector, a similar delineation by Lohrmann,
and, in fine, & very complete model in relief of the visible hemisphere
by Madame Witte, an Hanoverian lady.

To convey to the student any precise or complete idea of the mass
of information collected by the researches and labours of these emi-
nent observers, would be altogether incompatible with the necessary
limits of a work like that which we have undertaken. We shall
therefore confine ourselves to a selection from some of the most re-
markable results of those works, aided by the telescopic chart of the
south-eastern quadrant of the moon’s disk, given in Plate I., which
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has been reduced from the great chart of Beer and Midler, the scale
being exactly one half of that of the original.

2490. GENERAL DESCRIPTION oF THE MooNn’s Surrack.

(a) Description of the chart, Plate I.—The entire surface of the visible
hemisphere of the moon is thickly covered with mountainous masses and
ranges of various forms, magnitudes, and beights, in which, however, the
prevalence of a circular or crater-like form is conspicuous. The mere in-
spection of the chart of the 8. E. quadrant, Plate L, will render this evident;
and the other three quadrants of the disk do not differ from this in their
general character. *

(8) Causes of the tints of white and gray on the moon’s disk. — The va¥iods
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 e
different angles at which the rays of the solar light are in¢ident 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 illuminated hemisphere; and, in that
case, the tints would be more regular and would vary in relation principeRy
to the centre of the disk ; but, owing to the great inequalities of level, and
the vast and complicated mountainous masses which project from
part of the surface, and the great depths of the cavities and plains whi
are surrounded by the circular mountain ranges, the angles of incidence of
the solar rays are subject to extreme and irregular variation, which produoce
those lineaments 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 end
depths.—When the moon is fall, no shadows upon it can be seen, 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 is inclined at a gradually increasing angle to the solar ray, and,

# It must be observed that the chart represents the moon’s disk as it is
seen on the south meridian in an astronomical telescope. As that instra-
ment produces an inverted image, the south pole appears at the highest
and 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 poei-
tions are the reverse of those which the same pcints have when viewed
without a telescope, or with one which does not invert. The longitudes
are measured east and west of the meridian which biseots the visible disk.
The original chart is engraved in four separate sheets, each representing a
quadrant of the visible hemisphere. The names of the various selemo-
graphiocal regions and more prominent mountains are indicated on the
chart, and have been taken generally from those of eminent scientific mea.
The meridians drawn on the chart divide the surface into zones, each of
which measures five degrees of longitude, and the parallels to the equator
divide it into zones, having each the width of five degrees of latitnde. The
moon’s diameter being less than that of the earth in the ratio of 100 to 368
a degree of lunar latitude is less than 60 geographical miles in the same
proportion, and is, therefore, cqual to 16 geographical miles. This supplies
a scale, by which the magnitudes on the chart, Plate 1., may be approxi-
mately estimated.
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in the quarters, this angle having increased to 90°, and the boundary of
the enlightened hemisphere being then in the centre of the hemisphere
presented to the observer, the position is most favourable for the observation
of the shadows by which chiefly, not only the forms and dispositions of
the mountainous masses and the intervening and enclosed valleys and
ravines are ascertained, but their heights and depths are measured. This
Iatter problem is solved by the well-understood principles of geometrical
projection, when the directions of the visual and solar rays, the position of
the object, and of the surface on which the shadows are projected, are
severally given.

(d) Uniform patches, called oceans, seas, &c., proved to be irregular land
serface. — Uniform patches of greater or lees extent, each having an uni-
form gray tint more or less dark, having been supposed, by early observers,
to be large collections of water, were designated by the names, Oceaxus,
Maxs, Parus, Laous, Sinus, &c. These names are still retained, but the
increased power of the telescope has proved that such regions are diver-
sified, like the rest of the lunar surface, by inequalities and undulations,
of permanent forms, and are therefore not, as was imagined, water or other
liquid. They differ from other regions only in the magnitude of the mountain
masses which prevail upon them. About two-thirds of the visible hemri-
sphere of the moon oconsists of this character of surface. Examples of
these are presented by the Mare Nubium, Oceanus Procellarum, Mare Hu-
morum, &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 exceeds that of the most stupendous terrestrial emi-
bences; and there are many, characterised by an abruptness and steepness
which sometimes sssume the position of a vast vertical wall, altogether
without example upon the earth. These are generally disposed in broad
masses, lying in close contiguity, and intersected with vast and deep
valleys, gullies, and abysses, none of which, however, have any of the
characters which betray the agency of water.

(f) Classes of circular mountain ranges. — Circular ranges of mountains
which, were it not for their vast magnitade, 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, Rixg MounTAIxs, CRATERS, and HoLes.

(9) Bulwark plains. — These are circular areas, varying from 40 to 120
miles in diameter, enclosed by a ring of mountain ridges, mostly contiguous,
bat in some cases intersected at one or more points by vast ravines. The
enclosed area 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 fermer. 1n some cases, however, internal spurs, which are diawmetri-
cally opposed, unite in the middle so as to cut in two the enclosed plain.
In some rare cases the enclosed plain is uninterrupted 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, how-
ever, always dominates over the rest and exhibits an unequal 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
cireular form.

Examples of bulwark plains are presented in the cases of Clavius, Wal-

, Regiomontanus, Parbuch, Alphgnse, and Ptolemeus.
1
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The diameter of Clavius is 124 miles,* and the enclosed area is 12,000
square miles. One of the peaks of the surrounding ridge shoots up to the
height of 16,000 feet.

The diameter of Ptolemeeus is 100 miles, and it encloses an area of 6,400 -
square miles. This area is intersected by numerous small ridges, not above’
& mile in breadth and 100 feet in height. Ptolemsmus 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 cireular 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 upon the ridge which encloses & bulwark plain, thus ’
interrupting the continuity of their boundary, and sometimes they are seen
within the enclosed area. Sometimes they stand in the midst of the maris.
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 volcanic crater, but on a scale of magnitude without example
in terrestrial volcances. The surface enclosed is always lower than the
region surrounding the enclosing ridge, and the central mountain often rises .
to such a height that, if it were levelled, it would fill the depression. N

(1) Tycho, a ring mountain. — The most remarkable example of this class
is Tycho (see chart, lat. 42°, long. 12°). This object is distinguishable, .
without a telescope on the lunar disk when full; but, owing to the multi- *
tude of other features which become apparent around it in the phases, it .
can then be only distinguished by a perfect knowledge of its position, and -
with a good telescope. The enclosed ares, which is very nearly circulsr, *
is 47 miles in dismeter, 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 feet, and above that of the external region, 12,000 feet. There is
& central mount, height 4,700 feet, besides a few lesser hills within the v
enclosure. :

(k) Craters and holes. — These are the smallest formations of the circular *
class. Craters enclose a visible area, containing generally a central mo )
or peak, exhibiting in a striking manner the volcanic character. Holes
include no visible area, but may possibly be craters on a scale too small to
be distinguished by the telescope. :

Formations of this class are innumerable on every part of the visible
surface of the moon, but are no where more prevalent than in the region :
sround Tycho, which may be seen on a very enlarged scale in Plate IL.,
which represents that ring mountain, and the adjacent region, extending over
sixteen degrees of latitude, and from sixteen to twenty degrees of longitude.

(!) Other tain formations. — Besides the preceding, which are the
most remarkable, the most characteristic, and the most prevalent, there °
are various other forms of mountain, classified by Beer and Miidler, but
which our limits compel us to omit. v

(m) Singular and unezplained optical phenomenon of radiating streaks. —
Among the most remarkable phenomens presented to lunar observers, i *
the systems of streaks of light and shade, which radiate from the bordert

of some of the largest ring mountains, spreading to distances of severs!
hundred miles around them. Seven of the mountains of this class, viz.,
Tycho, Copernicus, Kepler, Pyrgius, Anaxagorus, Aristarchas, and Olbers,

* The geographical mile, or the sixtieth part of a degree of the earth’s
meridian,
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sre severally the centres round which this extraordinary radistion is mani-
fested. Similar phenomena, less conspicuously developed, however, are
vi::b!e around Meyer, Euler, Proclus, Aristillus, Timocharis, and some
others.

These phenomena, as displayed when the moon is full around Tycho, are
represented in Plate IIL on the same scale as Plate IL.

These radiating streaks commence at a distance of about 20 miles out-
side the circular ridge of Tycho. From that limit they diverge and over-
spread fully a fourth part of the visible hemisphere. On the 8. they
extend to the edge of the disk; on the E. to Hainzel and Capuanus; on
the 8.E. to the Mare Nubium ; on the N. to Alphonse; on the N.W. to the
Mare Nectaris, and to the W., 80 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,
therefore, only seen in their splendour, as represented in Plate III., 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 moun-
tain formations are at the same time gradually brought into view, so that
the aspect of the moon undergoes a complete transformation. This change
msy be very well exhibited by holding the Plate III. before a window to
which the back of the observer is turned. He will then see the phenomena
a8 they are presented on the full moon. Let him then turn siowly upon
hig heel until his face is presented to the window, holding the paper be-
tween his eyes and the light. The Plate II. 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 radisting streaks, some few, as will be perceived on Plate
IIL, continue to be visible through them.

None of the numerous selenographic observers have proposed any satis-
factory explanation of these phenomena, which are exhibited nearly in the
ssme manner around the other ring mountains above named. Schriter
tupposed them to be mountains, an hypothesis overturned by the observa-
tions since made with more powerful instruments. Herschel, the elder,
suggeated the idea of streams of lava; Cassini imagined they might be
clouds; and others even suggested the possibility of their being roads!
Madler imagines that these ring mountains may have been among the first
selenological formations; and, consequently, the points to which all the
gases evolved in the formation of our satellite would have been attracted.
These emanations produced effects, such as vitrification or oxydation, which
modified the reflective powers of the surface. We must, however, dismiss
these conjectures, 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
anywhere be discovered. Towards the E. and 8.E. craters predominate,
while to the W. chains parallel to the ring are more numerous. On the 8.

* This ingenious expedient is suggested by Miadler. It must be remem-
bered, however, that, while Plate II. represents the region as it appears in
s telescope which inverts, Plate 1I1. represents it as if it were reflected in
8 mirror, or as it would be seen with a telescope having a prismatic eye-
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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 cir-
cular, but all approaching to that form. All are surrounded by steep ram-
arts.

P (o) Wilhelm I. — This is 8 considerable ring mountain 8.E. of Tycho.
The altitude of its eastern parapet is 10,000 feet, that of its western being
only 6,000. Its crest is studded with peaks; and craters of various mag-
nitudes, heights, and depths, surrounding it in great numbers, and giving
& varied appearance to the adjacent region.

(p) Longomontanus. — A large circular range, having a diameter of 80
miles, enclosing a plain of great depth. The eastern and western ridges
rise to the height of 12,000 to 13,000 feet above the level of the enclosed
plain. Its shadow sometimes falls upon and conceals the numerous craters
and promontories which lie near it. The whole surrounding region is
savage and rugged in the highest degree, and must, according to Midler,
have resulted from a long succession of convulsions. The principal, and
apparently original, crater has given way in course of time to a series of
new and less violent eruptions. 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.

(q’j Magimus.—This range N.W. of Tycho (see Plate I.) has the appear-
ance of a vast and wild ruin. The wide plain enclosed by it lies in deep
shade even when the sun has risen to the meridian. Its general height is
18,000 feet. A broad elevated base connects the numberless peaks, ter-
races, and groups of hills constituting this range, and small craters are
numerous among these wild and confused masses. The oentral peak a is
a low but well-defined hill, close to which is a crater-like depression, and
other less considerable hills.

(r) Amnalogy to terrestrial voleanoes more apparent than real — enlarged view
of G di.—The volcanic character observed in the selenographic forma-
tions loses much of its analogy to like formations on the earth’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 il-
lustrate this. We have seen that Tycho, which, viewed under a moderate
magnifying power, appears to possess in so eminent a degree the volcanic
character, is, in fact, & circular chain enclosing an area upwards of fifty
miles in diameter. Gassendi, another system of like form, and of still
more stupendous dimensions, is delineated in fig. 1, Plate IV., as seen
with high magnifying powers. This remarkable object consists of two
enormous circular chains of mountains; the lesser, which lies to the north,
measuring 16} miles in diameter, and the greater, lying to the south, en-
closing an area 60 miles in diameter. The area 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 includes,
at or near its centre, a principal central mountain, having eight peaks and
o height of 2,000 feet, 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 terrestrial volcanic crater is pre-
sented by these characters.

Tke preceding selections, combined with the charts, Plates T, II,
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III, and IV, will serve to show the gemeral physical character of
the lanar surface, and the elaborate accuracy with which it has been
submitted to telescopic examimation. In the work of Beer and
Madler, a table of the heights of above 1000 mountains is given,
several of which attain to an elevation of 28,000 feet, equal to that
of the highest summits of terrestrial mountains, while the diameter
of the moon s little more than one fourth that of the earth.

2491. Obscroations of Herschel. — Sir John Herschel says, that
among the lunar mountains may be observed in its highest perfeotion
the true volcanie character, as seen in the crater of Vesuvius and
elsewhere ; but with the remarkable peculiarity that the bottome of
many of the craters are very deesly deprossed below the general
surface of the moon, the internal depth being in many cases two or
threo times the external height. n some cases, he thinks, decisive
marks of volcanic stratification, arising from a succession of deposits
of cjected matter, and evident mfuuons of currents of lava
sireaming outwards in all directions, may be clearly traced with

powerful telescopes.

2492. Observations of the Earl of Rosse.— By means of the
gre-treﬂecﬁn?teleacopeoflmd , the flat bottom of the
crater called Albategnius is distinetly seen to be strewed with blocks,
tot visible with less powerful instrumients; while the exterior of
i:other (Aristillus) is intersected with deep gullies radiating from

ocentre.

2493. nfluence of the moon on the weather.—Among
the many influenees which the moon is supposed, by the world in
genenal, to exercise upon our‘{llobe,oneof those, which has been
most universally believed, in all ages and in all countries, is that
which it is presumed to exert upon the changes of the weather.
Although the particular details of this influence are sometimes pre-
tended to be described, the only geveral principle, or rule, which
Elnils with the world in general is, that a change of weather may
be looked for at the epochs of mew and full moon: that is to say,
if the weather be previously fair it will become foul, and if foul
vill become fair. Similar changes are also, sometimes, though not
%0 confidently, looked for at the epochs of the quarters.

A question of this kind may be regarded either as & question of
science, or a question of faot.

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
Diles, 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 principle has hitherto ex-
plained any such phenomena. The moon and sun must, doubtless,
afieot the ocean of air which surrounds the globe, as they affect the
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ocean of water—producing effeots 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 alto-
gether in the wrong direction, and begin at the wrong end, when we
commence with the investigation of the physical cause of the sup-
posed phenomena. Qur first business is carefully and accurately to
observe the phenomena of the changes of the weather, and then to
rut them in juxtaposition with the contemporaneous changes of the

unar phases. If there be any discoverable correspondence, it then
becomes a question of physics to nuiﬁeits cause.

Such a course of observation has been made in various observa-
tories with all the rigour and exactitude necessary in such an in-
quiry, and has been continued over periods of time so extended, as
to efface all conceivable effects of accidental irregularities.

We can imagine, placed in two parallel columns, in juxtaposition,
the series of epochs of the new and full moons, and the quarters,
and the corresponding conditions of the weather at these times, for
fifty or one hundred years back, so that we may be enabled to ex-
amine, a8 & mere matter of faot, 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 con-
clusively 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 gravi-
tation, exerts an attraction on our atmosphere cannot be doni:d;
but the effects which that attraction would produce upon the weather
are not in acoordance with observed phenomena; and, therefore,
these effects are either too small in amount to be appreciable in the
actual state of meteorological instruments, or they are obliterated
by other more powerful causes, from which hitherto they have not
been eliminated. It appears, however, by some series of observa-
tions, not yet confirmed or coutinued through a sufficient period of
time, that a slight correspondence may be discovered between the

riods of rain and the phases of the moon, indicating a very feeble
1nfluence, depending 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 subjeot of scientific inquiry, and is
entitled to the attention of meteorologists; but its influence is so
feeblo 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 sup-
posed to be derived from the influence of the sun and moon.

Those who are impressed with the feeling that an opinion so uni-
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verslly 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, we have 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. The point, and the only point of im-
portance, is, whether, regarded as a mere matter of fact, any cor-
respondence between the changes of the moon and those of the
weather existsa? And a short examination of the recorded facts
proves that IT DOES NOT.

2494. Other supposed lunar influences.—But meteorological phe-
nomena are not the only effeots 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 ao-
count ; and timber must be felled, the harvest cut down and gathered
in, and the juice of the grape expressed, at times and under cir-
cumstances 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 diminution by its influence. Nor
is its imputed power confined to physical or organic effects; it noto-
riously governs mental derangement.

If these opinions respecting lunar influences were limited to par-
ticular countries, they would be less entitled to serious consideration ;
but it is a curious fact that many of them prevail and have pre-
vailed 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 principal
physical and physiological influences imputed to the moon ; nor even
with respect to these can we do more than indicate the kind of ex-
amination to which they have been submitted, and the conclusions
which have been deduced from it.

2495. 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
teason exercises an injurious influence upon the young shoots of
plants. They say that when the eky is clear the leaves and buds
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exposed to the lunar light redden and are killed as if by frost, st a
time when the thermometer exposed to the atmosphere stands at
many degrees above the freezing point. They say also that if a
clouded sky intercepts the moon’s light it prevents these injurious
consequences to the plants, although the circumstances of tempera-
ture 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 satated.

The moon, therefore, has no connection whatever with this effeet,
and it is certain that plants would suffer under the same circum-
stances whether the moon is above or below the horison. 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 id indispensable as
much to the production of the injury to the plants as to the visi-
bility 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 nevertheless suffer.

2496. Supposed influence on timber. — An opinion is generally
entertained that timber should be felled only during the decline of
the moon ; for if it be cut down during its inorease, it will not be
of a good and durable quality. This impression prevails in various
oountries. It is acted upon in England, and is made the ground of
legislation in France. The forest laws of the latter country inter-
dict the cutting of timber during the increase of the moon. The
same opinion prevails in Brazil. Signor Francisco Pinto, an emi-
nent agriculturist in the province of Espirito Santo, affirmed, as the
result of his experienoe, 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
entertained and acted upon. M. Dubamel du Monceau, a celebrated
French agriculturist, has made direct and positive experiments for
the purpose of testing this question; and has clearly and concla-
sively shown that the qualities of timber felled in different parts of
the lunar moath are the same.

2497. Su  lunar tnfluence on vegetables. — It is an aphor-
ism 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, daring
the increase of the moon. This opinion is altogether erronecus.
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The increase or decrease of the moon has no sppreciable influence
on the phenomena of vegetation; and the experiments and obser-
vations of several French agriculturists, and especially of M.
munel du Monoceau (already alluded to) have clearly established

2498. Swupposed lunar snfluence 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 &
degree of the thermometer, and that the difference of temperatures
of any two neighbouring places in which the process of mnhn%ﬂn
wine of the same soil and vintage might be conducted, may be &
thousand times greater at any given moment of time, and yet no
one ever imagines that such a circumstance can affect the quality of

wine.

2499. Supposed lunar influence on the complexion. —1It is &
prevalent popular notion in some parts of Europe, that the moon’s
light is attended with the effect of darkening the complexion.

That light has an affect upon the ocolour 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 speotrum. This
substance, however, 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 to 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 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 moistare. The same opinion prevails in the West Indies, and
in South America. An impression is prevalent, also, that certain
kiods of fruit exposed to moonlight lose their flavour and become
soft and flabby; and that if a wounded mule be exposed to the
light of the mcon during the night, the wound will be irrituted, and
frequently become incurable. 9

1.
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Such effeots, if real, may be explained upon the same principles
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 ten-
dency 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. —It is a very ancient re-
mark, that oysters and other shell-fish become larger during the in-
crease than during the decline of the moon. This maxim is men-
tioned by the poet Lucilius, by Aulus Gellius, and others; and the
members of the academy del Cimento appear to have tacitly adwit-
‘ted it, since they endeavour to give an explanation of it. The fact,
however, has been carefully examined by Rohault, who has com-
pared 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 the 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 bas
also been examined by Robault, who made a series of observations
which were continued for twenty years with a view to test it; and
the result was, that it was proved completely destitute of founda-
tion.

2502. Supposed lunar influence on the weight of the humasn
body. — Sanctorius, whose name is celebrated in physics for the
invention of the thermometer, held it as a principle that a 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 himself; and affords
another instance of a fortuitous coincidence hastily generalised.
The error would have been corrected if he had continued his obser-
vations a sufficient length of time.

2503. Supposed lunar influence on births. —1It is a prevalent
opinion that births occur more frequently in the decline of the moon
than in her increase. This opinion has not 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 tnfluence on incubation. — It is & maxim
handed down by Pliny, that eggs should be put to cover when the

® Other sexual phenomena, such as the period of gestation, vulgarly
supposed to have some relation to the lunar month, have no relation what-
ever to that period.
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moon is new. In Franoce it is a maxim generally adopted, that the
fowls are better and more successfully reared wgen they break the
shell at the full of the moon. The experiments and observations
of M. Girou de Buzareingues have given countenance to this opin-
ion. But such observations require to be multiplied before the
waxim can be considered as established. M. Girou inclines to the
opivion that during the dark nights about new moon the hens sit so
undisturbed that they either kil% their young or check their devel-
opment by too much heat ; while in moonlight nights, being more
restless, this effect is not produced.

2505. Supposed lunar infivence on mental derangement and
other human maladies. — The influence on the phenomena of human
maladies imputed to the moon is very ancient. Hippocrates had so
strong a faith in the influence of celestial objects upon animated
beings, that he expressly recommends no physician to be trusted
who 18 ignorant of astronomy. Galen, following Hippocrates, main-
tained 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
crises (a8 they were afterward called), were the seventh, fourteenth,
and twenty-first of the disease, corresponding to the intervals be-
tween the moon’s principal phases. While the doctrine of alchym-
ists prevailed, the human body was considered as a microcosm ; the
heart representing 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 gencration. Of these grotesque no-
tions there is mow no relic, except the term umacy, which still
designates unsoundness of mind. Bat 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 antiquated absurdi-
ties of phraseology — the law. Lunatic, we believe, is still the
term for the subject who is incapable of managing his own affairs.

Although the ancient fith 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 pheno-
mena of insanity, with a view to disprove this connection. We
bave 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. FExamples produced by Faber and Ramazzini. — Ma-
thiolus Faber gives an instance of a maniac who, at the very mo-
ment of an eclipse of the moon, became furious, seized upon a
sword, and fell upon every one arcund him. Ramazzini relates
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that, in the epidemic fever which spread over Italyin the year 1698,
patients died in an unusual number on the 21st of January, at the
moment of a 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 their imaginations highly
excited, and their fears wrought upon by the approach of that
event, if popular opinion invested it with danger. That such amn
opinion was not unlikely to prevail, is evident from the facts which
have been recorded.

At no very distant period from that time, in August, 1654, it is
related that patients in considerable numbers were, by order of the
physicians, shut up in chambers well closed, warmed, and perfamed,
with a view to escape the injurious influence 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 80 great that the ecclesiastics found it impossible to administer
that rite. An amusing aneodote 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 Vallisniers and Bacon. — Two of the most
remarkable examples recorded, of the supposed influence of the
moon on the human body, are those of Vallienieri and Bacon. Val-
lisnieri declares that, being at Padua, recovering from a tedious
illness, he suffered, on the 12th of May, 1706, ﬁuring the eclipee
of the sun, unusual weakness and shivering. Lunar eclipses never
happened without making Bacon faint; and he did not recover his
senses till the moon recovered her light.

That these two striking examples should be admitted in proof of
the existence of lunar influence, it would be necessary, says M.
Arago, to establish the fact, that feebleness and pusillanimity of
character are never connected with high qualities of mind.

2508. Sy, d influence on cutancous affections.— Menuret
considered that cutaneous maladies had a manifest connection with
the lunar phases. He says that he himself observed, in the year
1760, a patient afflicted with a scald-head (teigne), who, during the
decline of the moon, suffered from a ual increase of the malady,
which continued until the epoch of the new moon, when it had
covered the face and breast, and produced insufferable itohing. As
the moon increased, these symptoms disappeared by degrees; the
face became free from the eruption; but the same effects were re-
produced after the full of the moon. These periods of the disease
ontinued for three months.

Menuret also stated that he witnessed a similar correspondence
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between the lunar phases and the distemper of the itch; but the
drcumstances were the reverse of those in the former case; the
malady attaining its maximum at the full of the moon, and its
minimam at the new moon.

Without disputing the aceuracy of these statements, or throwing
any suspicion on the good faith of the physician who has made
them, we may observe that such facts prove nothing exoept the
fortnitous coincidence. If the relation of cause and effect had
existed between the lunar phases and the phenomena of these dis-
tempers, the same cause would have continued to produce the same
effect in like circumstances; and we should not ie 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

er.

2509. Remarkable case adduced by Hoffman. — Maurice Hoff-
man relates a case which came under his own practice, of a young
woman, the danghter of an epileptic patient. The abdomen of this

irl became inflated every month as the moon increased, and regu-

resumed its natural form with the decline of the moon.

ow, if this statement of Hoffman were accompanied by all the
Decessary 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 legitimately be denied ; but
receiving the statement in so vague a form, and not being assured
that the effect continued to be produced beyond a few months, the
legitimate conclusion at which we must arrive is, that this is another
example of fortnitous coincidence, and may be classed with the fal-
flment of dreams, prodigies, &c., &e.

2510. Cases of nervous diseases.— As may paturally be ex-
pected, nervous diseases are those which have presented the most
frequent indications of a relation with the lunar phases. The cele-
brated Mead was a strong believer, not only in the lunar inflaence,
bat 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 societiee
abound with examples of giddiness, malignant fever, somnambu-
lism, &e., having in their paroxysms more or less corresponded with
the lunar phases. Gall states, as a matter having fallen under his
own observation, that patients suffering under weakness of intellect
bad two periods in the month of peculiar excitement; and, in a
vork published in London so recently as 1829, we are assured that
these epochs are between the new and full moon.

19 *
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2511. Olservations 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 our great asylums for in-
sane patients, a register should be preserved of the exact times of
the access of all the remarkable paroxysms; a subsequent com-
parison of this with the age of the moon at the time of their occur-
rence, would furnish the ground for legitimate and safe conclusions.
We are not aware of any scientific physician who has expressly
directed his attention to this question, exoept 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 slightest 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, reoommends caution in deciding
_ aguinst this influence. The nervous system, says he, is in msny in-

stances an instrument infinitely more delicate than the most subtle
apparatus of modern physics. Who does not know that the olfac-
tory 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 t
burning lenses, fails to affect by its heat the most susceptible ther-
mometers, or by its chemical 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 gn il;
nevertheless, the integuments of this membrane, so sensible to
light, appear to be completely inert when otherwise affected. The
pupil remains 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 in-
animate substances, to the far different and more difficult case of
organised matter endowed with life.
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CHAP. X.
THE TIDES AKD TRADE WINDS.

2518. Correspondence between the recurrence of the tides, and
the diurnal 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 paturally the physical con-
Rection 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
Mea 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
thet high water will thus take place under, or nearly under, the moon.
But this does not correspond with the fact. High water is not pro-
duced 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 Aigh 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 pheno-
menon of high water. Hence it is that in all places there are two
tides daily, baving 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



224 ASTRONOMY.

whole mass of matter on the earth, including the waters which par- ¢
tially 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 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
the 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 carth, solid and fluid, being drawn with the same
force, would equally tend toward the moon ; and its parts, whether
solid or fluid, would preserve among themselves the same relative
position as if they were not attracted at all.

2516. Tides caused by the difference of the attractions on dif-
ferent parts of the earth.— When we observe, however, in a maas
composed of various particles of matter, that the relative arrange-
ment 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 a 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, C, D, E, ¥, G, H, fig. 731, represent the globe of the
earth, and, to simplify the explanation, let us first suppose the entire

Fig. 781.

surface of the globe to be covered with water. Let M, the moon,
be placed at the distance M H from the nearest point of the surface
=f the earth. Now it will be apparent that the various points of
the earth’s surface are at different distances from the moon M.
A and G are more remote than H; B and F still more remote; ¢
and £ more distant again, and D more remote than all. The attrac-
dion which the moon exercises at H is, therefore, greater than that
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. which it exercises at A and @, and still greater than that which it
produces at B and F; and the attraction which it exercises at D is
least of all. Now this attraction equally affects matter in every
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 component parts of which are at different distances from
it, and therefore subject to different attractions, it will not disturb
the relative arrangement, since such disturbances or disarrangements
are prevented by the cohesion which characterises a solid ; 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, is greater
than that which it exercises upon the solid mass of the globe ; con-
sequently there will be a greater tendency of this attraction to draw
the fluid which rests upon the surface at H 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 excees of attrac-
tion, it will pecesearily heap itself up in a pile or wave, over H,
forming a convex protuberance, as represented between r and f.
Thus high water will take place at H, immediately under the moon.
The water which thus collects at B will necessarily flow from the
regions B and ¥, where therefore there will be a diminished quantity
in the same proportion.

But let us now consider what bappens to that part of the earth
D. Here the waters, beins more remote from the moon than the
solid mass of the earth under them, will be less attracted, and oon-
sequently will have a less tendency to gravitate toward the moon.
The solid mass of the earth, » H, will, as it were, recede from the
waters at n, in virtue of the excess of attraction, leaving these
waters behind it, which will thus be heaped up at #, s0 as to form
s convex protuberance between ! and %, similar exsctly to that
which we have already described between r and 7. As the differ-
ence between the attraction of the moon on the waters at z and the
molid earth under the waters is near? the same as the difference
between its attraction on the latter and upon the waters at n, it fol-
lows that the height of the fluid protuberances at z and » are equal.
In other words, the heights of the tides on opposite sides of the earth,
the one being under the moon and the other most remote from it,
are equal.

I:q appears, therefore, that the cause of the tides, so far as the
sction of the moon is concerned, is not, as is vulgarly supposed, the
mere attraction of the moon; since, if that attraction were equal
on all the component parts of the earth, there would assuredly 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
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tides. Hence, as the moon is subject to a slight variation of dis.
tance from the earth, it will follow, that when it is at its least
distance, or at the point called perigee, the tides will be the greatest ;
and when it is at the greatest distance, 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 at-
traction.

2517. Effects of sun’s attraction.— It will oocur to those who
bestow on these observations a little reflection, that all which we
bave stated in reference to the effects produced by the attraction of
the moon upon the earth, will also be applicable 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 therefore possesses a much greater attracting power in virtue of
its mass compared with the moon, than it loses by its greater dis-
tance. It exercises, therefore, upon the earth an attraction emor-
mously 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 remembercd 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 in-
equality 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 distances 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 dis-
tances from one side and the other is the 80th 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 28, 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 ele-
vated than the latter, and each following the luminary from which
it takes its name. When the sun and moon, therefore, are either
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on the same side of the earth, or on the opposite sides of the earth—
in other words, when it is new or full moon — their effects in pro-
ducing tides are combined, and the spring tide is produced, the
height of which is equal to the solar and lunar tides taken together.

(gn the other hazg, when the sun and moon are aeparntef3 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 ten-
dency 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;
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 moon.
—1If 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 in-
terval 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 dis-
tance. In consequence of this, the tide raised by the moon does not
take place for two or three hours after the moon passes the meridian ;
and ag the action of the sun is still more feeble, there is a still
wr interval between the transit of the sun and occurrence of the

tide.

2520. Priming and lagging of the tides.— But besides these
tircumstances, the tide is affected by other causes. It is 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 accelerated or retarded by the
sm. In the first and third quarters of the moon, the solar tide is
westward of the lunar one; and, consequently, the actual high water,
which is the result of the combination of the two waves, will be to
the westward of the place it would have if the moon acted alone,
ad the time of high water will therefore be accelerated. In the
meond and fourth quarters the general effect of the sun is, for a
similar reason, to produce a retarg;tion in the time of high water.
This effect, produced by the sun and moon combined, is what is
commonly called the priming and lagging of the tides. The highest
spring tides occur when the moon passes the meridian about an hour
afler the sun; for then the mazimum effect of the two bodies
evincides.

2521, Researches of Whewell and Lubbock. — The subject of
the tides has of late years received much attention from several sci-
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entific investigators in Europe. The discussions held at the annual
meetings of the British Association for the Advancement of Science,
on this subject, have led to the development of much useful infor-
mation. The labours of Professor Whewell have been especially
valuable on these questions. Sir Jobn Lubbock has also published
a valuable treatise upon it. To trace the results of these investi-
tions in all the details which would render them clear and intel-
igible, 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 establiskment. — 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. Pro-
fessor Whewell calls this the vulgar establishment, and he calls the
corrected establishment the mean of all the intervals of the tides and
transit of half a month. This ocorrected establishment is conse-

uently the luni-tidal interval corresponding to the day on which
319 moon passes the meridian at noon or midnight.

2528. Diurnal inequality. — The two tides immediately following
one another, or the tides of the day and night, varg, both in height
and time of high water at any particular place, with the distance of
the sun and moon from the equator. As the vertex of the tide wave
always tends to place itself vertically under the luminary which pro-
duoes it, it is evident that of two consecutive tides, that which happens
when the moon is nearest the zenith or nadir will be ter than
the other; and, consequently, when the moon’s declination is of the
same denomination as the latitude of the place, the tide which cor-
respouds to the upper transit will be greater than the opposite one,
and vice versd, the difference being greatest when the sun and moon
are in opposition, and in opposite tropics. This is called the pror-
NAL TNEQUALITY, 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 compli-
cated. From the interruption of the land, and the irregular form
and depth of the ocean, combined with many other disturbing cir-
cumstances, 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,
&o., &c., great variation takes place in the mean times and heights
of high water at places differently sitnated.

2525. Velocity of tidal wave.— In the open ocean the crest of
tide travels with enormous velocity. If the whole surface were
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miformly 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 consequently travel round
the earth in a little more than twenty-four hours. But the circam-
ference 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 southermost part of Ireland in about three hours more.
In the Atlantie, the hourly velocity in some cases appears to be 10°
Iatitude, or near 700 miles, which is almost equal to the velocity of
sound through the air. From the south point of Ireland to the
north point 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 shallow water, the velocity is less. From Buchan-
Dess to Sunderland it is about 60 miles an hour; from Scarborough
to Cromer, 35 miles; from the North Foreland to London, 80
miles; from London to Richmond, 13 miles an hour in that part of
the river. (Whewell, Phil. Trans. 1833 and 1836.) It is scarcely
to remind the reader that the above velocities refer to the
transmission of the undulation, and are entirely 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
tion of the land, and is very different at different pﬁces.
In deep inbends of the shore, open in the direction of the tide wave
and gradually contracting like a funnel, the convergence of water
canses a very great increase of the range. Hence the veré high
tides in the Bristol Channel, the Bay of St. Malo, and the Bay of
Fundy, where the tide is said to rise sometimes to the height of one
bundred feet. Promontories, under certain circumstances, exert an
ite influence, and diminish the magnitude of the tide. The
rved ranges are also very anomalous. At certain places on the
south-east coast of Ireland, the range is not more than three feet,
while at a little distance on each side it becomes twelve or thirteen
feet; and it is remarkable that these low tides occur directly opposite
the Bristol Chaunel, 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 London Docks,
the average range is about 22 fe‘:& ; at Liverpool, 15-5 feet; at
nr.
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Portsmouth, 12-5 fect; at Plymouth, also 12-5 feet; at Bristol, 88
feet.

2527, Tides affected by the atmosphere. — Besides the numerous
causes of irregularity depending on the local circumstances, 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 balf 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, therefore, the tide may be expected to be high, and
vice versd. The tide is also liable to be disturbed by winds. Sir
John Lubbock states that, in the violent hurricane of January 8,
1839, there was no tide at Gainsborough, which is twenty-five miles
up the Trent—a circumstance unknown before. At Saltmarsh, only
five miles up the Ouse from the Humber, the tide went on ebbing,
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.

2628. The trade winds.— The great atmospherio currents thus

denominated, from the advantages which navigation has derived
from them, as well as other currents arising from the same causes,
are produced by the unequal exposure of the atmospheric ocean,
which coats the terrestrial globe, to the action of solar heat; the
expansion and contraction that air, in common with all guseous
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 tropical
belts extending through a certain limited number of degrees north
and south of the line, but not prevailing oun the line itself, the at-
mospherical 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 hemispheres
the prevalent atmospheric currents are directed from west to east,
redressing, as it were, the disturbance produced by the trudes.

To understand the cause of these phenomena, it is necessary to
remember that the sun, never departing more than 233° from the
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celestial equator, is vertical daily to different points around the tro-
pical regions, the rotation of the earth bringing these points succes-
sively under his disk. The sun, at noon, for places within the
tropics, is never so much as 234° from the zenith. The intertropical
zone from these causes becomes much more intensely heated upon
its surface than the parts of either hemisphere at higher latitudes.
This heat, reflected and radiated upon the incumbent atmosphere,
cauges 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,
nised 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 previous 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 intertropical surface and
then flowing towards the extratropical regions, where it descends to
the surface to be again sucked towards the line.

But in this view of the effects, the rotation of the earth on its
axis is not considered. In that rotation the atmosphere participates.
The air which rises from the intertropical surface 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, which moving with much less velocity from west to
east, there is an effective current produced in that direction equiva-
lent 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 efficts of
which has been, that, while the average length of the trip of good
niling vessels from New York to Liverpool has been only twenty
g:yl,d:hat of the trip from Liverpool to New York has been thirty-

e days.

By tyhe 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 descrim, sucked towards the line to fill the
vactum 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
vith 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
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say, with the effect of the difference of their velocities. Since the
surface, and the objects upon it, are carried eastward at a much
ter rate than the air which has just descended from the higher
titudes, 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 regiens towards the line.
Thus, in the northern hemisphere, the force eastward is combined
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 prevails south of the line.

Were any considerable mass of air, as Sir J. Herschel observes,
to be suddenly transferred from beyond the tropics to the equator,
the difference of the rotary 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

ual, 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 g)oint., this cause would almost
immediately communicate to it the deficient or deprive it of the ex-
oessive motion of rotation, after which it would revolve quietly with
the earth aud be at relative rest. We have only to call to mind the
comparative 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 appreciate
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 lels of latitude; and this difference being evanescent near
the line, and very inconsiderable within many degrees of it, the

ualising 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.
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CHAP. XI.
THE SUN.

2529. Apparent and real magnitude. — Owing to the ellipticity
of the earth’s orbit, the distance of the sun is subject to a periodical
variation, which causes, as has been alr:adylexplained, a corre-

ding variation in its apparent magnitude. Its greatest apparent
ﬁe:f, when in perihelion, is 32’ 35”6, or 1955556, and lptg.least
apparent magnitude, when in aphelion, is 31’ 30”, or 1890”. 1Its
mean apparent 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 ac-
tual 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.

2330. Magnitude 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, however imper-
fect, 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 magnitudes, 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 sup, such a sun might be placed within the actual sunm,
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 tl:; actual sun.

2
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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, ter than those of the earth.

Thus, to form a globe like the sun, it would be necessary 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-hun-
dredth part the globe of the sun : in other words, the bulk of the
“sun is five hundred times greater than the aggregate 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 hereafter, 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 254,936 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 san
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 855,000 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 5-67 times that of water
(2893), it follows that the mean density of the sun is 1-42 times, or
about one half, greater than that of water.

From the comparative lightness of the matter composing it, Her-
schel infers the probability that an intense heat prevails in its inte-
rior, by which its elasticity is reinforced, and rendered capable of
resisting the almost inconceivable pressure due to its intrinsic gravi-
tation, without collapsing into smaller dimensions.

2533. Form and rotation— axis of rotation. — Although, to
minds unaccustomed to the rigour of scientific research, it might ap-
pear 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 con-
clusive 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 matter, the face of
which should always be presented to the earth, 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 appearance as well as a globe or sphere. To
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prove, then, that 8 body is globular, something more is necessary
than the mere fact that it nlvgays appears circular.

When a telescope is directed to the sun, we discover upon it cer-
tain marks or spots, of which we shall speak more fully presently.
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
iteelf revolving on an axis, and carrying these marks upon it. That
this is the case, is abundantly proved by the fact that the periods of
rotation for all these marks are found to be exactly the same, viz.,
about twenty-five days and a quarter, or more exaotly 25% 7™ 48,
Sach 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
ooly body which, while it revolves with a motion of rotation, would
always present the circular appearance to the eye. The axis on
which the sun revolves is very nearly perpendicular to the plane of
the earth’s orbit, and the motion of rotation is in the same direction
a5 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 ex-
amination 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 dis-
cover its appearance to be that of an intensely black irregularly
shaped patch, edged with a penumbral fringe. When watched for
3 considerable time, it is found to undergo a gradual change in its
form and magpitude ; at first increasing gradually in size, until it
attains some definite limit of magnitude, when it ceases to increase,
and soon begins, on the contrary, to diminish ; and its diminution
goes on mﬂy, until at length, the bright sides closing in upon
the dark patch, it dwindles first to a mere point, and finally disap-
pears altogether. The period which elapses between the formation
of the spot, its gradual enlargement, subsequent diminution, and
final disappearance, is very various. Some spots appear and disap-
pear 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
ob of the sun itself. When it is considered that a space upon the
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sun’s disk, the apparent breadth of which is only a minute, actually
measure (2457)

466 x 60 = 27,960 miles,

and that spots have been frequently observed, the apparent len
and bmdtglo of which have exceeded 2/, the stupendous magnitgctlt
of the regions they oocupy 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, bas 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

468 X 90 — 41,940 miles.

and consequently, the average daily motion of the matter composi
fta odges must bave been 1050 milos, a velosity equivalent to 41
miles an hour.

2585. Cause of the spots — physical state of the sun’s surface.
Two, and only two, suppositions have been proposed to explain the
spots. One supposes them to be scorie, or dark scales of incom-
bustible 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 imr hypothesis it is
assumed that the sun is a solid nou-laminous 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 select a spot
which is at the centre of the sun’s disk, having 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 out-
side of the spot increases in apparent breadth, so that when the spot
approaches the cdge 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 penumbral 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 excavation, 8o as to conceal the latter from view.
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The surface of the inner shelving side also taking the direction of
the line of vision or very nearly, diminishes in apparent breadth,
and ceases 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 sun, 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 non-luminous. — It may be considered, then, as proved, that
the spots on the sun are excavations; and that the apparent black-
ness is produced by the fact, that the part conmstituting the dark

rtion of the spot is either a surface totally destitute of light, or

y comparison 8o much less luminous than the general surface of
the san 28 to appear black. This fact, combined with the appear- -
ance of the penumbral edges of the spots, has led to the supposi-
tion, advanced by Sir W. Herschel, which appears scarcely to admit
of doubt, that the solid, opaque nuclens, or globe of the sun, is
invested with at least two atmospheres; that which is next the sun
being, like our own, non-luminous, and the superior one being that
alone in which light and heat are evolved; at all events, wﬁether
these strata be in the 'ia.seous 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 as-
suming 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 ex-
posed 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 ascrimx to the infinitely superior splendour of the
sun’s light. All that can be legitimately 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 in groups, the penumbr or fringes being in
contact.

The duration of each spot is also subject to great and i
variation. A spot has appeared and vanished in less than twenty-
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four hours, while some have maintained their appearance and posi-
tion for nine or ten weeks, or during nearly three complete revolu-
tions of the sun upon its axis.

A large spot has sometimes been observed suddenly to crumble
into a great number of small ones.

2589. Prevail generally in two parallel zones. — The only cir-
cumstance of regularity which can be said to attend these remark-
able 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 gart of 1836 and the beginning
of 1837, when a large number of spots became apparent, their
position was such as is represented in fig. 732, where E Q represents

Fig. 133,

the sun’s equator, and m m’ nn’ the northern, and pp’ g¢ the
southern macular zones.

2540. Observations and drawings of M. Capocci. — The astro-
nomers who have within the last quarter of a century made the most
important contributions, by their observations and researches, to this
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subject, are M. Capocei, of Nazleo, Dr. Pastorff, of Frankfort (on
the Oder), and Sir John Herschel.

M. Capocci 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, daring the
increase of the spot from its first appearance as a dark point, the
edges were sharply defined, without any indication of the graduall
fading away of the fringes into the dark central spot, or into eacz
other; a character which was again observed by Sir J. Herschel, in
1837. He found, however, that the same character was not main-
tained when the sides began to contract and the spots to diminish :
during that process the edges were less strongly defined, being
apparently covered by a sort of luminous atmosphere, which often
extended so completely across the dark nucleus as to throw a thin
thread of light across it, after which the spot soon filled up and
disappeared. Capocci concurs with Sir W. Herschel in regardin,
the internal fringes surrounding the dark nucleus as the section o
the inferior stratum of the atmosphere which forms the coating of
the sun; he nevertheless thinks that there are indications of solid
as well as gaseous luminous matter.

Capocci 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 regretted,
however, that he has not given any measures, either in his memoirs
or upon his drawings, by which the position or maguitude 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 selected
those given in Plate V1., from observations made in September and
October, contemporaneously with those of M. Capocci. Pastorff
gives the position of all, and the dimensions of the principal spots.
The numbers on the horizontal and vertical lines express the appa-
rent distances of the spots severally from the limb of the sun in
each direction. The actual dimensions may be estimated by observ-
ing that 1” measured at right angles to the visual ray represents
466 miles.

2542. Observations and drawings of Pastorf, n 1828. —In
May and June, 1828, a profusion of spots were developed, which
were observed and delineated by Pastorff with the most elaborate

In Plate VII, fig. 1 represents the positions of the spots as
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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, ¢, D, 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 stu-

ndous ; measured in a plI;ne at right angles to the visual line, the
{):n h was 466 x 100 — 46,600 miles, and the breadth 466 x 60
= 27,960 miles.

The apparent breadth of the black bottom of the spot was 407,
which corresponds to an actual breadth of 466 x 40 —18,640
miles. So that the globe of the earth might pass through such a
hole, leaving a distance of upwards of 5000 miles between its sur-
face 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. M., including the shelving
sides, were calculated to be as follows : —

8quare Geog. Mfles.

Group A, principal spot . 928,000,000
Ditto, smaller 8pots .......ccceucee e 786,000,000
Group B ...... we 296,000,000
Group C .cceeereeciceneterenens sensenene senssnnesss ssasaesns 232,000,000
Group D weucvcinnenieeeniinecsis i sennensneseenes senes 804,000,000

Total Are...ccceueeerrerrenecnssctsonrensnnes 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 May, all the spots were ob-
served to change their form and maguitude from day to day. The
great spot of the group A, which even when so close to the limb of
the sun as &, or a sixth of the apparent diameter, still measured
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 mew spot of considerable magni-
tude made its appearance en the 13th of June, at the eastern :snge
of the disk, which gradually increased in magnitude 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, (a)nd whose forms and magnitudes are indicated in figs. 7, 8, 9,
aud 10.

The chief spot of the group A was nearly circular, and measured
84" in apparent diameter, the diameter of its dark base being about
80", which, without allowing for projection, represent actual ?engths
of 466 x 64 = 29,824 miles, and 466 x 80 = 13,980 miles, the
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former being above 8} times, and the latter nearly 1} 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 luminous ravines or rills, converging towards the centre
of the black nucleus, and exhibiting the appearance which Capocci
Ot same day (the 31at, anotherlar 8, appeared
the same e 21st), another spot, B, fig. 8, a]
which measured 6¥)’£ by 40”. &° 500ty /5.6, . ’

Pastorff rejects the supposition that these spots were the mere re-
appearances of those which had been observed on the 24th of May,
since they differed essentially in their form, and still more in their
entourage.

2548. Observations of Sir J. Herschel in 1887.—8ir J. Her-
schel, at the Cape of Good Hope, in 1837, observed the spots which
at that time appeared upon the sun, and has given various drawin,
of them in his Cape Obeervations. These diagrams do not differ in
any respect in their general character from those of Capooci and
Pastorff. Sir J. Herachel 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. — It is observed
by Sir J. Herachel, that one of the most universal and strikin
characters of the solar spots is, that the penumbral fringe and bla
spot are distinctly defined, and do not melt gradually one into the
other. The spots are intensely black, and the penumbral fringe of
a perfectly uniform degree of shade. In some cases there are two
nuanoes of fringe, one lighter than the other; but in that case no
intermixture or gradual fading away of one into the other is appa-
rent. ¢ The idea conveyed,”” observes Sir J. Herschel, ““is more
that of the successive withdrawal of veils,—the partial removal of
definite films,—than the melting away of a mist or the mutual dilu-
tion of gaseous media.’” This absence of all graduation, this
sharply marked suddenness of transition, is, as Sir J. Herschel also
notices, entirely opposed to the idea of the easy miscibility of the
Juminous, 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 uni-
formly bright. It presents a mottled appearance, which may be
compared to that which would be presented by the undulated and
agitated surface of an ocean of liquid fire, or to a stratum of lumi-
nous clouds of varying depth and having an unequal surface, or the
appearance produced by the slow subsidence of some flocculent
chemical precipitates in a transparent fluid, when looked at perpen-
dicularly from above. In the spa;ia immediately around the edges

.
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of the spots extensive spaces are observed, also covered with strongly
defined curved or branching streaks, more intenscly luminous than
the other parts of the disk, among which spots often break out.
These several varieties in the intensity of the brightness of the disk
bave 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 observation, inde-
pendently 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 ca-
pable 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.

2647. 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). This test pro-
posed is based upon the properties of polarised light.

It bas been proved that the light emitted from an incandescent
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 im-
ages in complementary colours (1290). But, on the 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.

2548. Its result.—The light proceeding from the disk of the sun
has been accordingly submitted to this test. The rays proceeding
from its borders evidently issue in a direction as oblique as possible
to the surface, and therefore, under the condition most favourable
te 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 nccessary 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 emanating from every
part of it is in its natural or unpolarised state, even when issuing
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at the greatest obliquity; and, consequently, that the luminous
matter is every where gaseous.

2549. The sun probably invested with a double gaseous coating.
-— 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 considered to be a solid, opaque,
noo-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 luminous 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,
ge condition of our atmosphere would represent the two strata on

e sun.

The spots in this hypothesis are explained by occasional openings
in the luminous stratum by which parts of the opat,}le and non-
luminous surface of the solid globe are disclosed. These partial

nings may be compared to the openings in the clouds of our

y, 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 sup-
posed to characterise these atmospheric strata, and especially the su-
perior one, the density of the solid globe will necessarily be much
more considerable than the mean density of the volume in which
such rarefied matter is included.

2550. A third gaseous atmosphere probable.— Many circum-
stances supply indications of the existence of a gaseous atmosphere
of great extent above the luminous matter which forms the visible
surface of the sun. It is observed that the brightness of the solar
disk is sensibly diminished towards its borders. This effect would
be produced if it were surrounded by an imperfectly transparent at-
mosphere ; 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 increased very rapidly in proceeding from the centre
towards the edges. This gradual diminution of brightness in pro-
ceeding towards the borders of the solar disk has been noticed by
many astronomers; but it was most clearly manifested in the series
of observations made by Sir J. Herschel in 1837, 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 di-
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minution of light towards the borders was on that oocasion rendered
80 aptrent, that it appeared to him surprising that it should ever
have been questioned.

2551. Its existence 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 occasion of total
eclipses of the sun, which will be fully explained in another chapter
m’sﬁswgme'ﬂwh thesis to explain the solar

2662. Sir J. Her: s hypothesis to in , —
The immediate cause of the spots being proved to be xoml
ruptures of continuity in the ocean of luminous fluid which forms
the visible surface of the solar globe, it remains to discover what
physical agency can be imaiined to produce dynamical phenomena
on a scale 8o vast 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 & connection between these phenomena and the
sun’s rotation. 'The like regions on the earth are the theatres of
the trade-winds and anti-trades, and of hurricanes, tornadoes, water-

ts, and other violent atmospheric disturbances. On the planets,

o 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 :tmospﬁeric 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 canse of these
phenomens is the inequality of the exposure of the earth’s surface
to solar radiation, and the consequent inequality of temperatare
groduced in different atmospheric zoves, either by the direct or re-

ected calorifio 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 ean
prevail upon it. It remains, therefore, to consider whether the play
of the physical principles which are in operation on the sun itself,
irrespective of any other bodies of the system, can supply an ex-
planation of such a local difference of temperature as, combined
with the sun’s rotation, would produce any special t‘Khyaiml effects
on the wacular zones by which the phenomena of the spots might
be explicable.

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
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usiform temperature must be everywhere maintained. But if, from
any local cause, the radiation be more obstructed in some regjons
than in others, heat will accumulate in the former, and the 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
Som the atmosphere with which to an height so enormous it is sur-
rouaded. If, however, this atmosphere have everywhere the same
height and the same density, it will present the same obstruction to
radiation ; and the effective radiation which takes place through it,
though more feeble than that which would be produced in its ab-
sence, is still uniform.

But since the sun has a motion of rotation on its axis in
25¢ 7™ 48, its atmosphere, like that of the earth, must participate
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 pro-
portionate 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 rotation. It will flow from the poles
to the equator, and its height over the zomes contiguous to the
equator will be greater than over those contiguous to the poles,
inha degree proportionate to the ellipticity of the atmospheric
spheroid.

Now, if this reasoning be admitted, it will follow that the ob-
struction to radiation produced by the solar atmosphere is greatest
over the equator, and gradually decreases in proceeding towards
either pole. The accumulation of heat, and consequent elevation
of temperature, is, therefore, greatest at the equator, and gradually

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 phe-
nomena produced by the like cause on the earth. Inferior currents
vill, 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, hurricanes and tornadoes prevail, the
upper stratum which has come from the equator being temporarily
carried downwards, displacing by its force the strata of luminous

,matter beneath it (which may be conceived as forming an habitually
tranquil limit between the opposite upper and under currents), the
upper of course to a greater extelit than the lower, and thus wholly
21 *
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or partially denuding the opaque surface of the sun below. Such
processes cannot be unaccompanied by vorticose motions, which, lefe
to themselves, die away by degrees, and dissipate, with this pecu-
liarity, that their lower portions come to rest more speedily tham
their upper, by reason of the greater distance below, as well as the
remoteness from the point of action, which lies in a higher region,
80 that their centre (as seen in our waterspouts, which are noii.ng
but small tornadoes) appears to retreat upwards.®

Sir J. Herschel maintains that all this agrees perfeoﬂ{mvith what
is observed during the obliteration of the solar spots, which appear
as if filled in by the collapse of their sides, the penumbra closing in
upon the spot and disappearing afterwards.

It would have rendered this ingenious hypothesis still more satis-
factory, if Sir J. Herschel had assigned a reason why the luminous
and subjacent non-luminous atmosphere, both of which are assumed
to be gaseous fluids, do not affect, in consequence of the rotation,
the same spheroidal form which he ascribes to the superior solar
atmosphere.

2653. Calorific power of solar rays. — It has been already shown

17) that the intensity of heat on the sun’s surface must be seven
times as great as that of the vivid ignition of the fuel in the strong-
est blast-furnace. This power of solar light is also proved by the
facility with which the calorific rays pass through glass. Herschel
found, by experiments made with an actinometer, that 81-6 per cent.
of the calorific rays of the sun penetrate a sheet of plate-glass 0-12
inch thick, and that 859 per cent. of the rays which have passed
through one such plate will pass through another.}

2654. Probable physical cause of solar heat.— One of the most
difficult questions connected with the physical condition of the sun,
is the discovery of the agency to which its heat is due. To the
hypothesis of combustion, or any other which involves the sapposi-
tion of extensive chemical change in the constituents of the surface,
there are insuperable difficulties. Conjecture is all that can be
offered, in the absence of all data upon which reasoning can be
based. Without any chemical change, heat may be indefinitely
generated either by friotion or by electric currents, and each of these
causes bave acoordingly been suggested as a possible source of solar
heat and light. According to the latter hypothesis, the sun would
be a great KLECTRIC LIGHT in the centre of the system.

# Herschel’s Cape Observations, p. 434. + Ibid. p. 138.
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CHAP. XII.

THE SOLAR BYSTEM.

2555. Perception of the motion and position of surrounding
objects depends upon the station of the observer.— The facility,
clearness, and certainty with which the motions, distances, magni-
tudes, and relative position and arrangement of any surrounding
objects can be ascertained, depends, in a great degree, upon the
station of the observer. The form and relative disposition of the
buildings, streets, squares, and limits of a great city, are perceived,
for example, with more clearness and certainty if the station of the
observer be selected at the summit of a lofty building, than if it
were at any station level with the general plane of the city itself.
This advantage attending an elevated place of observation is much
sugmented if the objects observed are affected by various and com-
plicated motions #nter se. A general, who directs the evolutions of
a battle, secks an elevated position from which be can obtain, as far
a8 it is practicable to do 80, & dird’s-eye view of the field; and it
was at one time proposed to employ captive balloons by which ob-
servers could be raised to a sufficient elevation above the plane of
the military manceuvres.

All these difficulties, which arise from the station of the observer
being in the general plane of the motions observed, are, however,
infinitely aggravated when the station has itself motions of which
the observer 1s unconscious ; in such case the effects of these motions
are optically transferred to surrounding objects, giving them apparent
motions in directions contrary to that of the observer, and apparent
velocities, which vary with their distance from the observer, in-
creasing as that distance diminishes, and diminishing as that distance
increases.

All such effects are imputed by the unconscious observer to so
many real motions in the objects observed ; and, being mixed up
with the motions by which such objects themselves are actually af-
fected, an inextricable confusion of changes of position, apparent and
real, results, which involves the observer in obscurity and difficulty,
if his purpose be to ascertain the actual motions and relative dis-
tances and arrangement of the objects around him.

2556. Peculiar difficulties presented by the solar system.— All
these difficulties are presented in their most aggravated form to the
observer, who, being placed upon the earth, desires to ascertain the
motions and positions of the bodies composing the solar system
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These bodies all move nearly in one plane, and from that plane the
observer never departs: he is, thercfore, deprived altogether of the
facilities and advantages which a bird’s-eye view of the system would
afford. He is like the commander who can find no station from
which to view the evolutions of the army against which he has to
contend, except one upon a dead level with it, but with this great
addition to his embarrassment, that his own station is itself subject
to various changes of position, of which he is altogether unconscious,
and which he can only ascertain by the apparent changes of position
which they produce among the objects of his observation and inquiry.

The difficulties arising out of these circumstances obstructed for
ages the progress of astronomical science. The persuasion so uni-
versally entertained of the absolute immobility of the earth, was not
only a vast error itself, but the cause of numerous other errors. It
misled inquirers by compelling them to ascribe motion to bodies
which are stationary, and to ascribe to bodies not stationary motions
nlw%ether different from those with which they are really affected.

2557. Two methods of exposition. — There are two methods by
which a knowledge of the motions and arrangement of the solar
system may be imparted. We may first explain its apparent motions
and changes as actually seen from the earth, and deduce from them,
combined with our knowledge of the motions which affect the earth
itself, the real motions of the other bodies of the system ; or we may,
on the contrary, first explain the real motions of the entire system as
they are now known, and then show how they, combined with the
motion of the earth, produce the apparent motions.

The former method would perhaps be more strictly logical, since
it would proceed from observed facts as data to the conclusions to be
deduced from them ; while the other method first assumes, as known,
that which we desire to ascertain, and then shows that it is com-
patible with all the observed phenomena. Nevertheless, for elemen-
tary purposes, such as those to which this volume is directed, the
latter method is preferable ; we shall, therefore, explain the motions
and relative arrangement of the bodics of the system, showing, as
we proceed, how their motions cause the phenomena which are ob-
served in the heavens.

2668. General arrangement of bodies composing the solar sys-
tem. — The solar system is an assemblage of great bodies, globular
in their form, and analogous in many respects to the earth. Like
the earth, they revolve round the sun as a common centre in orbits
which do not differ much from circles: all these orbits are very
nearly, though not exactly, in the same plane with the annual orbit
of the earth, and the orbital motions all take place in the same di-
rection as that of the earth.

Several of these bodies are the centres of secondary systems,
another order of smaller globes revolving round them respectively in



THE SOLAR SYSTEM. 249

the same manner and according to the same dynamical laws as
ern their own motion round the sun.

2589. Planets primary and secondary. — This assemblage of
globes which thus revolve round the sun as a common centre, of
which the earth itself is one, are called PLANETS ; and the secondary
globes, which revolve round several of them, are called 82cONDARY
PLANETS, SATELLITES, or MOONS, one of them being our moon,
rhhich revolves round the earth as the earth itself revolves round

e sun.

2560. Primary carry with them the secondary round the sun. —
The primary planets which are thus attended by satellites, carry the
satellites with them in their orbital course; the common orbital
motion, thus shared by the primary planet with its secondaries, not
preventing the harmonious motion of the secondaries round the pri-
mary a8 a common ceatre.

2561. Planetary motions to be first regarded as circular, uniform,
axd in a common plane. — It will be conducive to the more easy
and clear comprehension of the phenomena to consider, in the first
instance, the planets as moving round the sun as their common
centre in exactly the same plane, in exactly circular orbits, and with
motions exactly uniform. None of these suppositions correspond
precisely with their actual motions ; but they represent them so very
nearly, that nothing short of very precise means of observation and
measurement is capable of detecting their departure from them. The
motions of the system thus understood will form a first and very
close approximation to the truth. The modifications to which the
conclusions thus established must be submitted, so as to allow for
the departure of the several planets from the plane of the ecliptie,
of their orbits from exact circles, and of their motions from perfect
wiformity, will be easily introduced and comprehended. But even
these will supply only a second approximation. Further investiga-
ton will show series after series of corrections more and more minute
in their quantities, and re(gxiring longer and longer periods of time
to manifest the effects to which they are directed.

2562. This method follows the order of discovery.— As to the
rest, in following this order, proceeding from first suppositions,
which are only rough approximations to the truth, to others in more
exact accordance with it, we, in fact, only follow the order of dis-
covery itself, by which the laws of nature were thus ually,
slowly, and laboriously evolved from masses of obscure and inexact
hypotheses.

2563. Inferior and superior planets. — The concentric orbits of
the pianets then are included one within another, sugmenting suc-
cessively in their distances from the centre, 80 as in general to leave
& great space between orbit and orbit. The third planet, proceeding
from the suu outwards, is the earth. Two orbits, those of the
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planets called Mercury and Venus, are therefore included within
the earth’s orbit, which itself is included within the orbits of all the
other planets.

Those planets which are incladed within the orbit of the earth
are called INFERIOR PLANETS, and all the others are called suPERIOR
PLANETS.

2564. Periods.— The PERIODIC TIME of a planet is the interval
between two successive returns to the same point of its orbit, or, in
short, the time it takes to make a complete revolution round the
sun. Itis found by observation, as might be naturally expected,
that the periodic time increases with the orbit, being much lon,
for the more distant planets; but, as will appear hereafter, this in-
crease of the periodic time is mot in the same proportion as the
increase of the orbit.

2565. Synodic motion.— The motion of a planet considered
merely in relation to that of the earth, without reference to its actual
position in its orbit, is called its sYNODIC MOTION.

2566. Geocentric and heliocentric motions. — The position and
motion of a planet as they appear to an observer on the earth are
called GEOCENTRIC®; and as they would appear if the observer were
transferred to the sun, are called HELIOCENTRIC *.

2567. Heliocentric motion deducible from geocentric.— Although
the apparent motions cannot be directly observed from the sun as a
station, it is a simple problem of elementary geometry to deduce
them from the geocentric motions, combined with the relative dis-
tances of the earth and planet from the sun; so that we are in a
condition to state with perfect clearness, precision, and certainty, all
the phenomena which the motions of the planetary system would
present, if, instead of being scen from the moveable station of the
earth, they were witnessed from the fized central station of the sun.

2568. Relation between the daily heliocentric motion and the
period. —If the mean daily heliocentric motion of a planet be ex-
pressed by a, and the periodic time in days by P, it is evident that
o x P will express 360°, providing that a is expressed in degrees.
Thus we shall have

o® X P = 360°;

and bence it follows, that if either the period P or the daily helio-

;ent.ric motion be given, the other may be computed ; for we shall
ave

360° _860°

P=
P’ a®

It is usual to express a, not in degrees, but in seconds. In that

“°=

* From the Greck words y4 (g8) and A (helios), signifying the earth
and the sun.
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case it will be necessary to reduce 360° also to seconds. We shall
therefore have (2292)
, 1296000 1296000
e = ’ P= ” .
P [

2569. Daily synodic motion. — The daily synodic motion is the
angle by which the planet departs from or approaches to the earth
in its course round the sun. Thus if A express in degrees the angle
formed by two lines drawn from the sun, one to the planet and the
other to the earth, the daily synodic motion will be the daily in-
crease or decrease of A produced by the motions of the earth and
planet. Now, since the earth and planet both move in the same
direction round the sun with different angular motions, the increase
or decrease of A will be the difference of their motions. Thus, if
the planet move through 3° while the earth moves through 1° per
day, it is evident that the daily increase or decrease of A will be 2°;
and if, while the earth moves through 1°, the planet move through
§°, the daily increase or decrease of A will be 4°.

If we express, therefore, the daily synodic motion of a planet by
9, its daily heliocentric motion by a, and that of the earth by s, we
shall have, for an inferior planet, whose angular motion exceeds
that of the earth,

6o =06—¢;
and for a superior planet, whose angular motion is slower,
6 =8 —a,

2570. Relation between the synodic motion and the period. —
Since the daily heliocentric motions are found by dividing 360° by
the periods, we shall have for an inferior planet :

360°  360° o — 1296000 1296000

° =
P E’ P E
and for a superior planet
°__ 360° _ 360° S = 1296000 _ 1296000
=73 r’ T E P

2571. Elongation. — The geocentric position of a planet in re-
lation to the sun, or the angle formed by lines drawn from the earth
to the sun and planet, is called the ELONGATION of the planet, and
I8 RAST or WEST, according as the planet is at the one side or the
other of the sun.

2572. Conjunction. — When the elongation of a planet is no-
thing, it is said to be in conjunction, being then in the same direc-
tion as the sun when seen from the earth.

. 2573. Opposition.— When the elongation of a planet is 180°,
It is said to be in OPPOSITION, being thed in the quarter of the
heavens directly opposite to the sun. '
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It is evident that a planet which is in conjunction passes the me-
ridian at or very near noon, and is therefore above the horizom
during the day, and below it during the night.

On the other band, a planet which is in opposition passes the
meridian at or very pear midnight, and therefore is above the
horizon during the night, and below it during the day.

2574. Quadrature.— A planet is said to be in quadrature when
its elongation is 90°.

In this position it passes the meridian at about six o’clock in the
morning, when it has western quadrature, and six o’clock in the
evening, when it has eastern quadrature. It is, therefore, above
the horizon on the eastern side of the firmament during the latter

of the night in the former case, and on the western side during
the first part of the night in the latter case. It is a morning star
in the one case, and an evening star in the other.

2575. Synodic period. —The interval which elapses between
two similar elon%mons of a planet is called the sYNODIC PERIOD
of the planet. Thus, the interval between two successive opposi-
tions, or two successive eastern or western quadratures, is the
synodic period.

2576. Inferior and superior conjunction.— A superior planet
can never be in conjunction except when it is placed on the side of
the sun opposite to the earth, so that a line drawn from the earth
through the sun would, if continued beyond the sun, be directed to
the planet. An inferior planet is, however, also in conjunction
when it crosses the line drawn from the earth to the sun, between
the earth and the sun. The former is distinguished as suPERIOR
and the latter as INFERIOR conjanction.

As inferior conjunction mnecessarily supposes the planet to be
nearer to the sun than the earth, and opposition supposes it to be
more distant, it follows that inferior planets alone can be in inferior
conjunction, and superior planets alone in opposition.

2577. Relation between the periodic time and synodic period. —
Since the synodic period is the interval between two similar posi-
tions of the earth and planet, the one must gain upon the other
860° in such interval. To perceive this, let 8, fig. 733, be the sun,
P’ the earth, and P an inferior planet when in inferior conjunction,
the common direction of the motions of both being indicated by the
arrows. Leaving this position, the angular motion of the planet
round 8 being the more rapid, it gains upon the earth as the minute-
hand of a watch gains upon the hour-hand; and when, after making
a complete revolution, the planet returns to the point P, the earth
will have advanced from P in the direction of the arrow, so that
before the next inferior conjunction can take place the planet must
pass beyond p, and overtake the earth. Let p’ be the position of
the earth when this takes place, the planet being then at p. Itis
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evident, therefore, that in the interval between two suo&essive in-
ferior conjunctions the planet describes round the sun 360°, together

. PI
Fig. 738,

with the ‘ﬁ&h p8P, which the earth has described in the same
interval. this angle, described by the earth in the synodie
period, be called A, the angle described by the planet in the same
interval will be 360° + a.

If P represent the place of the earth, and ¥’ that of a superior
planet in opposition, the earth leaving P, and baving a more rapid
angular motion round s, will get before the planet as the minute-
band gets before the hour-hand, and when it returns to P the planet
will have advanced in its orbit, so that before another opposition can
take place the earth must overtake it. If this bappen when the
plauvet is at g/, the earth in the synodic period will have made an
entire revolution, and have in addition described the angle p 8P, or
A, which the planet has described. Thus, while A expresses the
angle which the superior planet describes in the synodic period,
36%° + A expresses the angle described by the earth in the same

e.
If o, a8 before, express the daily synodic motion of the planet
we shall have d ’

oo 3000, _ 1206000
i d T T
AN comqnen
y 360° 1296000
T= o° = &

Thus, when the daily synodic motion is given, the synodic time
ean be computed, and vice versd.
11I. 22
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But since ¢ =.a—1, 6 = ¢ —a (2569), according as. the planaet
is inferior or superior, we shall have for an inferior planet
860° 360° _ 860°
T P r’

and therefore

T
for an inferior planet, and
860° _ 860°  860°

T E P’
and therefore
1 1 1
= m =
T E P

for a superior planet, showing in each case the arithmetical relation
between T, P, and E.
2578. The apparent motion of an inferior &law — To deduce
y the apparent from the real motion of an
inferior planet, let &, fig. 734, be the
place of the earth, s that of the sum,
and cbc e the orbit of the planet; the
direction of the planet’s motion being
' shown by the arrows, the positions
which it assumes successively are indi-
cated at ¢, a, ¢,a,¢,b,¢,and ¥. Since
the earth moves round the sun in the
same direction as the planet, the appa-
rent motion of the sun s will be from
the left to the right of an observer
looking from E at s; and since this mo-
tion is always from west to east, the
planet will be west of the sun when it
is any where in the semicircle ¢ &',
and east of it when it is any where in
the semicircle ¢ @’ eac.
Fig. 734. The elongation (2571) of. the planet,
being the angle formed by lines drawn
to the sun and planet from the earth, wiﬁ always be east when the
pél;net is in the semicircle ¢’ e ¢, and west when in the semicircle
c.

The planet will have its greatest elongation east when the line
B¢ directed to it from the earth is a tangent to its orbit, and in like
manner its greatest elongation west when the line x¢ is a tangent
to the orbit.

In these positions the angle scE, or s¢'E, at the planet is 90°,
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wud sonsequently the elongation and the angle ¢ sx, or ¢ s 2, at the
‘wan, taken together, makeg:;l 90°. g ‘

It appears, therefore, that the greatest elongation of an inferior
planet must be less than 90°.

If the earth were stationary, the real orbital motion of the planet
would give it an apparent motion alternately east and west of the
san, extending to a certain limited distance, resembling the oscilla-
tion of a nlum. While the planet moves from ¢ to ¢, it will
sppear to depart from the sun eastward, aud when ft moves from e
® ¢ it will appear to return to the sun; the elongation in the
former case eonstantly incressing till it attain its maximum east-
ward, and in the latter constantly decreasing till it become nothing.
It is to be observed, however, that the otbital are ¢ ¢ being greater
than e c, the time of attaining the greatest esstern elongation after
superior conjunction is greater than the time of returning to the
san from the greatest elongation to inferior conjunction.

After inferior conjunction, while the planet passes from ¢ to ¢,
its elongation constantly increases from nothing at ¢ to its maxi-
mum west at ¢; and when the planet moves from ¢ to ¢, it again
deareases until it becomes nothing at superior conjunction. Sinoe
the orbital ares, c ¢ and ¢ ¢/, are respectively equal to ce and ¢, it
follows, that the interval from inferior conjunction to the greatest
elongation west, is equal to the interval from the greatest elongation
east to inferior conjunction. In like manner, the interval from
superior conjunction to the fw elongation east, is equal to the
interval from the greatest elongation west to superior conjunction.

The oscillation of the planet alternately esst and west is there-
fore made through the same angle — that is, the sugle ex ¢, in-
cluded by tangents drawn to the planet’s orbit from the earth; but
the apparent motion from the greatest elongation west to the greatest
elongation east is slower than the apparent motion from the greatest
elongation east to the greatest elongation west, in the ratio of the
hn’fthof the orbitual arcs e’ ¢ to ece.

he planet being included within the orbit of the earth, the or-
bital motion of the earth will give it an apparent motion in the
ecliptic in the same direction as the apparent motion of the sunj
but since the apparent motion of a visible object increases as its
distance decreases, and vice versd, and since the planet being at a
oonsiderable distance from the centre of the earth’s orbit, the dis-
mnoe of the earth from it is subject to variation, the apparent
motion imparted to the planet by the earth’s orbital motion will be
mbject to a proportionate variation, being greatest when the planet
i8 in inferior conjunction, and least when in superior conjunction.

The apparent motion of the planet, as it is projected upon the
frmament by the visual ray, arises from the combined effect of its
own otbital motion and that of the earth. Now it is evident from
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what has been just explained, that the effect of the planet’s own
motion is to give it an apparent motion from west to east while
passing from its greatest elongation west through superior conjunc-
tion to its greatest elongation east, and a contrary apparent motion
from east to west while passing from its greatest elongation east to
its greatest elongation west through inferior conjunction.

But since, in all positions, the effect of the orbital motion of the
earth is to give the planet an apparent motion directed from west
to east, botﬁ causes combine to impart to it this apparent motion
while passing from its western to its eastern elongation through
superior conjunction. On the other hand, the effect of the orbital
motion of the planet being an apparent motion from east to west in
passing from its eastern to its western elongation through inferior
conjunction, while, on the contrary, the earth’s motion imparts to it
an apparent motion from west to east, the actual apparent motion
of the planet, resulting from the difference of these effects, will be
westward or eastward according as the effect of the one or the
other predominates, and the planet will be stationary when these
opposite effects are equal.

In leaving the greatest eastern elongation the effect of the earth’s
motion predominates, and the apparent motion of the planet con-
tinues to be, as before, eastward. As, in approaching inferior con-
junction, the direction of the planet’s motion becomes more and
more transverse to the visual line, and the distance of the planet
decreases, the effect of the planet’s motion increasing becomes, at
length, equal to the effeot of the earth’s motion, and the planet
then becomes stationary. This takes place at a certain elongation
east. After this, the effect of the planet’s motion predominating,
the apparent motion becomes westward, and this westward motion
ocontinues through inferior conjunction, until the planct acquires a
certain elongation west, equal to that at which it becamo previously
stationary. Here the effects becoming again equal, the planet is
again stationary, after which, the effect of the earth’s motion pre-
dominating, the apparent motion becomes eastward, and continues
80 to the greatest elongation west, after which, as before, both causes
combine in rendering it eastward.

2579. Direct and retrograde motion. — When a planet appears
to move in the direction in which the sun appears to move, its ap-
parent motion is said to be DIRECT; and when it appears to move
in the contrary direction, it is said to be RETROGRADE.

From what has been explained above, it appears that the apps-
rent motion of an inferior planet is always direct, exoept within a
certain elongation east and west of inferior conjunction, when it is

retrograde.
The extent of this aro of retrogression depends on the relative
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distanoes, and consequent relative orbital velocities, of the earth and
planet.

2580. Apparent motion as projected on the ecliptic. — From
what hes be?:hm explained, the apparent motion of the planet on
the firmament will bo easily understood. Let A BEFK, fig. 785,

Fig. 135.

represent the ecliptic in which the planet is at present supposed to
move. While passing from its western to its eastern elongation it
sppears to move in the same direction as the sun, from A towards
B. As it approaches B, its apparent motion eastward becomes gra-
dually slower until it stops altogether at B, and becomes, for a short
interval, stationary; it then moves westward, returning upon its
course to C, where it again becomes stationary ; after which it again
moves eastward, and continues to move in that direction till it arrives
at a certain point D, where it again becomes stationary ; and then,
returning upon its course, it again moves westward to E, where it
again becomes stationary ; after which it again changes its direction
and moves eastward to ¥, where, after being stationary, it turns
westward, and so on.

The middle points of the arcs B, D E, ¥G, &o., of retrogression
are those at which the planet is in inferior conjunction; and the
middle points of the arcs oD, E¥, G H, &c., of progression are thoss
® wh.iexothe planet is in snperio2r gonjunoﬁon.

2
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2681. Origin of the term “planet.”” — These complicated and
apparently irreqular movements, by which the planets are distin-
guished from all other celestial objects, suggested to the ancients,
whose knowledge of astronomy was too imperfect to enable them to
trace such motions to fixed and regular laws, the name planet, from
the Greek word masens (planetes), wanderer.

25682. Apparent motion of a superior planet. — To deduce the
apparent motion of a superior planet from the real orbital motions
of the earth and the planet, let 8, fig. 786, be the place of the sun,

Fig. 736.

P that of the planet, and E &' E” E” the orbit of the earth included
within that of the planet, the direction of the motions of the earth
and planet being indicated by the arrows.

When the earth is at £, the sun 8 and planet P are in the same
visual line, and the planet is consequently in conjunction. When
the earth moves to ¢, the elongation of the planet west of the sun
is 8¢ p. This elongation increasing as the earth moves in its orbit,
becomes 90° at ¥’, when the visual direction E' P of the plavet is a
tangent to the earth’s orbit, and the planet is then in its western
quadratare.

While the earth continues its orbital motion to ¢”, the elongation
west of the sun continues to increase, and at length, when the earth
comes to the position E, it becomes 180°, and the planet is in oppo-
sition.

After passing E, when the earth moves towards ¢, the elongation
of the planet is east of the sun, and is less than 180°, but greater
than 9&. As the earth continues to advance in its orbit, the elon-
gation decreasing, becomes 90° when at E”, the visual direction of
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the planet is a tangent to the earth’s orbit. The planet is then in
its eastern quadrature.

As the earth moves from £’ to E”, the elongation, being still
east, constantly decreases until it becomes nothing at X'/, where the

t is in conjunction.

2583. Direct and retrograde motion. — If the planet were im-
moveable, the effect of the earth’s motion would be to give it an
cecillatory motion alternately eastward and westward through the
angle X' P E’, which the earth’s orbit subtends at the planet. While
the earth moves from ¥’ through ¥” to ¥/, the planet would appear
to move eastward through the angle ¥ PE”, and while the earth
moves from E through E to £”, it would appear to move westward
through the same angle.

Thus the effect of the earth’s motion alone is to make the planet
appear to move from east to west and from west to east alternately
through a certain arc of the ecliptic, the length of which will de-
pend on the relation between the distances of the earth and planet
from the sun, the arc being in fact measured by the angle which
the earth’s orbit subtends at the planet, and, consequently, this
angle of apparent oscillation will decrease in the same ratio as the
distance of the planct increases.

The times in which the two oscillations eastward and westward
would be made are not equal; the time from the western to the
eastern quadrature being less than the time from the eastern to the
wester:’ quadrature in &e ratio of the orbital arc ¥ Ex” to the arc
XE"E.

It is evident that the more distant the planet P is the less unequal
these arcs, and, consequently, the less unequal the intervals between
quadrature and quadrature will be.

But, meanwhile, the earth being included within the orbit of the
plavet, the effect of the planet’s orbital motion will be to give it an
apparent motion in the ecliptic always in the same direction in which
the sun would move when in the same place, and therefore always
eastward or direct.

This apparent motion, though always direct, is not uniform, since
it increases in the same ratio as the distance of the earth from the
planet decreases, and vice versd. This apparent motion thus due to
the planet’s own orbital motion is, therefore, greater from-western
to eastern quadrature than from eastern to western quadrature.

From eastern to western quadrature, through oconjunction, the
spparent motion of the planet is direct, because both its own orbital
motion and that of the earth combine to render it so. From western
quadratare, as the planet approaches opposition, the effect of the
earth’s motion is to render the planet retrograde, while the effect of
its own motion is to render it direct. On leaving quadrature the
latter effect predominates, and the apparent motion is direct; but at
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a certain elongation, before arriving at opposition, the effect of the
earth’s motion increasingebooomes equal to that of the planet, and,
neutralising it, renders the planet stationary ; after which, the effect
of the earth’s motion predominating, the planet becomes re y
and continues so until it acquires an equal elongstion east, when it
again becomes stationary, and is afterwards direct, and continues so.

2684. Apparent motion projected on the ed{t::.—lnt A, fig. 187,
represent fe’a place of a superior planet when moving from its
western quadrature towards conjunction, its apparent motion being

Fig. 187,

then direct. Let B be the point where it becomes stationsry after
e eastern quadrature; its apparent motion then becoming retro-
grade, it appears to retarn upon its course and moves westward to ¢;
where it again becomes stationary; after which it again returns on
its course and moves direct or eastward, and continues so until it ar-
rives at a certain point D after its western quadrature, when it again
becomes stationary, and then again retrogrades, moving through the
are D £, which will be equal to B 0; after which it witl again become
i and s0 on.

The places of the planet’s opposition are the middle points of the
ares of retrogression BO, DE, ¥ G, &. ; and the places of eonjune-
tion are the middle points of the aros of pregression ¢ b, 2 ¥?, G B, &e.

It is evident, therefore, that the apparent motion of & superior
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plaset projected on the ecliptio is, in all respects, similar to that of
u inferior planet; the difference being, that in the latter the middle
point of the arc of retrogression corresponds to inferior conjunction,
while in the former it corresponds to opposition.

It will be apparent from what has been explained, that the angle
which the earth gains upon the planet in the interval between its
western and eastern quadratures is the angle which the earth’s orbit
subtends at the planet, or twioe the annual parallax (2442) of the

2585. Conditions under which a planet 1s visible in the absence
of the sun. — It is evident that to be visible in the absence of the
tun a celestial object must be so far elongated from that luminary
1 to be above the horizon before the commencement of the moming
twilight or after the end of the evening twilight. One or two o
the planets have, nevertheless, an apparent magnitude so consider-
able, and a lustre o intense, that they are sometimes seen with the

eye, even before sunset or after sunrise, and may, in some
cases, be seen with a telescope when the sun has a considerable alti-
tude. In general, however, to be visible without a telescope, a
Planet must have an elongation greater than 80° to 35°.

2586. Evening and morning star. — Since the inferior planets
a0 never attain 80 great an elongation as 90°, they must always
pass the meridian at an interval considerably less than six hours
before or after the sun. If they have eastern elongation they pass
the meridian in the afternoon, and are visible above the horison after
sunset, and are then called EVENING STARS. If they have western
tlongation they pass the meridian in the forenoon, and are visible
above the eastern horizon before sunrise, and are then called MORN-
ING BTARS.

2587. Appearance of superior planets at variows elongations. —
A superior " planet, having every dg:;o of elongation east and west
of the sun from 0° to 180°, passes the meridian during its synodic
Period at all hours of the day and night. Between conjunction and
quadratare, its elongation east or west of the sun being less than 90°,
It passes the meridian earlier than six o’clock in the afternoon in the
former case, and later than six o’clock in the forencon in the latter
ae; being, like an inferior planet, an evening star in the former
a2d & morning star in the latter case.

At eastern quadrature it passes the meridian at six in the evening,
A at western quadrature at six in the morning; appearing still as an
evening star in the former and as a morning star in the latter case.

Between the eastern quadratare and opposition, the elongation

¥ing more than 90° east of the sun, the planet must pass the meri-

tween six o’clock in the evening and midnight, and is thero-

Ore visible from sunset until some hours before sunrise. Between
Western quadrature and opposition, the elongation being more than



262 ASTROROMY.

90° west of the sun, the planet must the meridian at some time
between midnight and six o’clock in the morning, and it is therefore
visible from some hours after sunset until sunrise.

At opposition the planet passes the meridian at midnight, and is
therefore visible from sunset to sunrise.

2588. To find the periodic time of the planet. —There are
several solutions of this problem, which give results having different
de of approximation to the exact value of the quantity sought.

589. 1°. By means of the synodic period. —If the synodie
period T be ascertained by observation, we shall have for an inferior
planet (2677),

1 1
T=F T
uentl
v consequeaty 1 11,
F=xty
smd for a superior planet
1 1 1
TP
and therefore
1 1 1
P E T

In each case, therefore, P may be found, E and T being known.

This method gives a certain approximation to the value of the
period ; but the synodie time not being capable of very exact appre-
ciation by observation, the method does not supply extremely acou-
rate results.

2590. 2°. By observing the transit through the modes.— The
periodic time may also be determined by observing the interval be-
tween two successive passages of the planet through the plane of the
ecliptio.

Ilt) bas been already stated that, although the planets move nearly
in the plane of the eeliptio, they do not exactly do so. Their paths
are inclined at very small angles to the ecliptio, and they conse-
quently must pass from one side to the other of the plane of the
earth’s orbit twice in each revolution. If the moments of thus
passing through the plane of the earth’s orbit on the same side of
the sun be obeerved twice in immediate suocession, the interval will
be the periodic time.

Owing to the very small inclination of the orbits in general, it is
impossible to ascertain with great precision the time of the centre
of the planet passing through the ecliptic, and therefore this method
is onl npgmximﬁon.

2601. 8°. By comparing oppositions or conjunctions Aaving the
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same. sidereal place. — The periodio time of a planet being approxd
mately found by either of the preceding methods, it may lngmndend
more exact bﬁe following.

When a planet is in saperior conjunction oz in opposition, its place
in the firmamant is the same, whether viewed from the or
from the sun. Now, if two oppositions or conjunctions separated
by & long interval of time be found, at which the apparent of
the planet in the firmament is the same, it may be infuns that &
complete number of revolutions must have taken place in the inter-
val.  Now the periodic time being found approximately by either

of the methods alread exf.lﬁned,uwill be easy to find by it how

many revolutions of gj net must have taken place between the

two distant oppositions. the periodic time were known with pre-
ppoal

cision, it would divide the interval in question without a remainder;
but being only approximate, it divides it with a remainder. Now
the mmnlﬁp{’o of th:arproxim period to the interval be-
tween the two oppositions will be that multiglle of the true period
which is exactly equal to the interval. The division of the interval
t\?ethe ‘number thus determined will give the more exact value of

period.
2592, 4°. By the daily angular motion.— The daily angular
mtﬁc motion may be observed, and the heliocentric motion
computed. If the mean heliocentric daily motion a” can be
obtained by means of a sufficient number of observations, the period

vill be given by the formula (2568),
, _ 1206000
p— a,' id

2593. To find the distances of the planets from the sun. — One
of the most obvious methods of solving this problem is by obeerving
the elongation of the planet, and computing, as always may be done,
the angle at the sun. Two angles of the triangle formed by the
wrth, sun, and planet, will thus be known, and a triangle may be
dnwn of which the sides will be in the same proportion as those of
the triangle in question. The ratio of the earth’s distance from the
mn to the planet’s distance from the sun will thus become known
(2296) ; and as the earth’s distance has been already ascertained,
the planet’s distance may be immediately computed.

IlOt.her methods of determining the distances will be explained
ereafter.

2504, Phases of a planet.—While a planet revolves, that hemi-
sphere which is presented to the sun is illuminated, and the other
duk. But since the same hemisphere is not presented generally to
the earth, it follows that the visible bemisphere of the planet will
eousist of a part of the dark and a part of the enlightened hemi-
sphere, and, consequently, the planet will exhibit PHASEs, the varie-
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ties and limits of which will depend upon the relative directions of
the lines drawn from the earth and sun to the planet. It is evidens
that the section of the planet at right angles to a line drawn from
the sun to its centre is the base of its enlightened hemisphere, while

the section at right angles to a line drawn

. from the earth to its centre, is the base of

its visible hemisphere. The less the angle

v included between these lines is, the greater

) N will be the portion of the visible hemisphere

which is enlightened.
Let p, fig. 788, be the centre of the
planet, p 8 the direction of a line drawn to
s the sun, and px that of one drawn to the
earth; {7 will then be the base of the en-
B lightened, and vv/ the base of the visible
hemisphere of the planet. The point '
Fig. 738. will be the centre of the former, and m of
the latter. The visible hemisphere will
then be enlightened over the space v m’ m [, the part v being dark.
This dark part will be measured by the arc v, which is evidently
equal to m m', and therefore measured by the angle formed by the
lingu 8 mulil P E drawn from the planet in the directions of the sun

and the earth.

B
Fig. 730, Fig. 740. Fig. 741

‘When this angle 8 p E is less than 90°, as in fig. 738, the breadth
of the enlightened part v m’ m [ of the visible hemisphere is greater
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than 90°, and the planet appears gibbous, as the moon does when
between opposition and qumﬂ-atures.

When the angle spE is egrea!er than 90°, as in fig. 739, the
breadth o/ of the enlightened part of the visible hemisphere is less
than 90°, and the planet appears as a crescent, like the moon be-
tween conjunetion and quadrature.

When the angle spE = 0, which happens when the earth is
between the sun and planet, as in fig. 740, the centre m’ of the
enlightened hemisphere is presented to the earth, and the planct
appears with a full phase, as the moon does in opposition. This
always happens when the planet is in opposition.

When the angle 8 p E becomes = 180°, as in fig. 741, the centre
m of the dark hemisphere is presented to the earth, and therefore
the entire hemisphere turned in that direction is dark. This takes
place when the planet is between the earth and sun, which can only
bappen when an inferior planet is in inferior conjunction.

2595. Phases of an tnferior planet.— It will be evident from
inspecting the diagram, fig. 734, representing the relative positions
of an inferior planet with respect to the sun and earth, that the angle
formed by lines drawn from the planet to the sun and earth
through all magnitudes from 0° to 180°, and consequently such a
planet exhibits every variety of phase. Passing from c towards ¢,
the angle s E gradually decreases from 180° to 90°, and therefore
the phase, at first a thin crescent, increases in breadth until it is
halved like the moon in quadrature. From ¢ to ¢’ the angle s¥/' &
gradually decreases from 90° to 0°, and the planet beginning by
being gibbous, the breadth of the enlightened part gradually in-
creages until it becomes full at ¢. From ¢’ to ¢, and thence to ¢,
these phases are reproduced for like
rcasons in the opposite order.

2596. Phases of a superior planet.
— It will be evident on inspecting
JSig. 742, that in all positions what-
\ ever of a superior planet, the lines
drawn from it to the earth are in-
clined at an angle less than 90°; and
this angle is 8o much the smaller the
greater the orbit of the planet is

Coa

¢ ? comparatively with that of the earth.
7 The angle sa E being nothing at o

Py increases until the planet is in qua-

-~ drature at ¢/, where it is greatest;

Fig. 742. and then the breadth of the enlight-

ened part is least, and is equal to

the difference between the angle s ¢k and 180°.  From g’ to ¢ the

agle s& £ decreases, and becomes nothing at c. The planet is
ur. 23



266 ASTRONOMY.

therefore full at opposition and conjunction, and is most gibbous at
quadrature.

It will appear hereafter that, with one exception, all the superior
planets are at distances from the sun so much greater than that of
the earth, that even at quadrature the angle s ¢ E is 80 small, that
the departure of the phase from fulness is not sensible.

2587. The planets are subject to central attraction. —If a body
in motion be not subject to the attraction of any external force, it
must move in a straight line. If, therefore, it be observed to move
in any curvilinear path, it may be inferred that it is acted upon by
some force or forces exterior to it, which constantly deflect it from
the straight course which, in virtue of its inertia, it must follow if
left to itself (220). This force must, moreover, be incessant in its
operation, since, if its action were suspended for a momeat, the body
during such suspension would move in the direction of the straight
line, which would be a tangent to the curve at the point where the
action of the force was suspended.

Now, since the orbits of the planets, including the earth, are all
curved, it follows that they are all under the incessant operation of
some force or forces, and it becomes an important problem to de-
termine what is the direction of these forces, whether they are one
or several, and, in fine, whether they are of invariable inteusity, or,
if variable, what is the law and conditions of their variation.

2598. What 1s the centre to which this attraction 1s directed # —
‘We are aided in this inquiry by a principle of the highest generality
and the greatest simplicity, established by Newton, the demonstration
of which forms the subject of the first two propositions of his cele-

" brated work, entitled ¢« PRINCIPIA.”

2599. General principle of the centre of equal areas demon-
strated. — If from any point taken as fixed, a straight line be drawn
to a body which moves in a curvilinear path, such line is called the
radius vector of the moving body with relation to that point as a
centre of motion. As the body moves along its curvilivear path,
the radius vector sweeps over a certain superficial area, greater or
less, according to the velocity and direction of the motion and the
length of the radius vector. This superficial space is called the
¢“area described by the radius vector,” or, sometimes, the ¢ area
described by the moving body.”

Thus, for example, if ¢, fig. 743, be the point taken as the centre
of motion, and B B” be a part of the path of the moving body, cB
and ¢ B' will be two positions of the “ radius vector,”” and in passing
from one of these positions to the other, it will swecp over or ¢ de-
scribe”’ the superficial space or “area’” included between the lines
cB and cB, and the body is said shortly to “describe this area
round the point C as a centre.”

Now, according to the principle established by Newton, it ap-



THE SOLAR SYSTEM. 267

3 _¥ B pears that whenever a body moves in a curvili-
/|5 | near orbit, under the attraction of a force di-
v rected to a fixed centre, such a body will

o/\e describe round such centre equal areas in
hy/d equal times; and it is proved also conversely,

that if a point can be found within the curvili-
near orbit of a revolving body, round which
such body describes equal areas in equal times,
such bog is in that case subject to the action
of a single force, always directed towards that
point as a centre. It follows, in short, that
“the centre of equable areas 1s the centre of
Jorce, and that the centre of force is the centre
of equable areas.”’

As this is a principle of high generality and
capital importance, and admits of demonstration
by the most elementary principles of mechanics
;nd geometry, it may be proper to explain it

ere.

If a body B move independently of the action
of any force upon it, its motion must be in a
straight line, and must be uniform. It must,
¢ therefore, move over equal spaces per second.

Fig. 743. Let its velocity be such, that in the first second

it would move from B to B. In the next

second, if no force acted upon it, it would move through the equal

space B’ b’ in the same direction. But if at B it receive from a

force directed to c, an impulse which in a second would carry it

from B’ to ¢, it will then be affected by two motions, one repre-

sented by B’ ¥, and the other by B' ¢, and it will move in the dia-

gonal B’ B” of the parallelogram, and at the end of the second second
will be at B”.

Now, in the first second, the radius vector described the area
BCP, and in the next second it described the area B'oB”. Itis
easy 10 show that these areas are equal. For since BB = B' ¥, the
areas BC B’ and B ¢’ are equal; and since &’ B” is parallel to B'0,
the areas B'c¥ and B’CB” are. equal by the well-known property
of triangles. Therefore the areas BCE' and B’ cB”, described by
the radius vector in the first and second seconds, are equal.

If the body received no impulse from the central force at B”, it
would move over B” "= B'B” in the third second, but receivin
from the central force another impulse sufficient to carry it from B”
to ¢, it again moves over the diagonal B” B of the next parallelo-
gram, and at the end of the third second is found at B”. Itis
thown in the same manner that the area of the triangle B” 0 B” is
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cqual to 3’0 B” and to BCB'; 8o that in every succeeding second
the radius vector describes round ¢ an equal area.

In this case it has been supposed that the force, instead of acting
continuously, acts by a succession of impulses at the end of each
sccond, and the body describes, not a curve, but a polygon. If the
succession of impulses were by tenths, hundredths, or thousandths,
or any smaller fraction of a second, the areas would still be in the
ratio of the times, but the polygon would have more numerous and
smaller sides. In fine, if the intervals of the action of the force
be infinitely small, the sides of the polygon would be infinitely
small in magnitude and great in number. gi‘Jhe force would, in fact,
be continuous, instead of being intermitting, and the path of the
body would be a curve, instead of being a polygon. The areas,
however, described by the radius vector round the centre of force
0, would still be proportional to the time.

The converse of the principle is easily inferred by reasoning
altogether similar. If o, fig. 743, be the centre of equal areas, it
will be the centre of attraction; for let B' ¥ be taken equal to B ¥
The triangular area B’ 0% will then be equal to the area Bo B by
the common properties of triangles, and since the areas described
round 0© in successive seconds are equal, we have the area B' ¢ B'=
BOE,and therefore = B’ 0%. Hence we infer that B’ ¢ B"=8 c ¥,
and ther:ef:sr:d tllx)at g:e line &' B” Bi,s pamlleli to B'c. The force there-
fore ex y the diagonal B'B” of the parallelogram is equiva-
lent topthe forces expr:sg;;d by the sides. The bodgl;l at B’,eq there-
fore, besides the projectile force B B’ or B'Y/, is urged by a central
force directed to o.

2600. Linear, a r, and areal velocity. — In the description
and analysis of the planetary motions, there are three quantities
which there is frequent occasion to express in reference to the unit
of time, and to which the common name of ¢ velocity’’ is conse-
quently applied.

1°. The linear velocity of a planct is the actual space over which
it moves in its orbit in the unit of time. We shall invariably ex-
press this velocity by v.

2°. The angular velocity is the angle (B0 B in fig. 743) which
the radius vector from the sun to the planet moves over in the unit
of time. We shall invariably express this by the Greek letter a.

8°. The areal velocity is the area (Bc B’ in fig. 743) which the
radius vector from the sun to the planet sweeps over in the uait of
time. We shall express this by A.

26801. Relation between angular and areal velocities. — If B” J,
fig. 743, be supposed to be perpendicular to B’ 0, the arca of the
‘riangle B'c B” will be § B’ 0 X'B”¢. But since in this case B” ¢
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may be considered as the arc of a circle, of which o is the centre
and 87 0 the radius, we shall have (2292),

rXo
206265’

where the distance B” 0 of the planet from the sun, or the radius
vector, is expressed by ». Hence we have

i”Xa

206265

Hence the areal velocity is always proportional to the product of the
angular velocity and the square of the radius vector or distance.

o ascertain, therefore, whether any point within the orbit of a
Planet be the  centre of equal areas,” and therefore the centre of
attraction, it is only necessary to compare the angular velocity
round such point with the square of the distance; and if their pro-
duct be always the same, or, in other words, if the angular velocity
increase in the same ratio as the square of the distance or radius
vector decreases, and vice versd, then the point in question must be
the centre of equal areas, and therefore the centre of attraction.

2602. Case of the motion of the earth.—In the case of the
earth, the variation of its distance from the sun is inversely as the
wariation of the sun’s apparent diameter, which may be accurately
observed, as may also be the sun’s apparent motion in the firma-
ment. Now, it is found that the apparent motion of the sun in-
creases exactly in the same ratio as the square of its apparent
diameter, and therefore inversely as the square of its distance;
from which it follows that its centre is the centre of equal areas for
the earth’s motion, and therefore the centre of attraction.

2603. Case of the planets. — In the same manner, by calculating
from observation the angular motions of the planets, and their dis-
tances from the sun, it may be shown that their angular motions
tre inversely as the squares of their distances, and consequentl

that the centre of the sun is the centre of the attraction whic
moves them.

. 2604. Orbits of the planets ellipses. — By comparing the varia-
Yion of the distance of any planet from the sun with the change of
direction of its radius vector, it may be ascertained that its or%it is
an ellipse; the centre of the sun being at one of the foci, in the

nm; manner as has been already explained in the case of the
earth,

2605. Perihelion, aphelion, mean distance. — That point of the

elliptic orbit at which a planet is nearest to the sun is called PERI-

:I!IJON, and that point at which it is most remote is called APHE-
ON.

B'd=

A=3}BCcXB' =

283 *
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The MEAN DISTANCE of a planet from the sun is half the sum
of its greatest and least distances.

2606. Major and minor axes, and eccentricity of the orbit. —
The fig. 744 represents an ellipse, of which ¥ is the focus and ¢ the
centre. The line OF continued to P and A is the MAJOR AXIs,

P sometimes called the transverse axis.

Py 7’3\ Of all the diameters which can be

o ™, drawn throughh the centre o, ter-
P _ ‘A minating in the curve, it is the
\ * ¢ #'_/' lon st.,gwhile M c M/, drawn at right
e et angles to it, called the MINOR A XIS,
““““““ > e is the shortest. The line P A,

Fig. 744. which is equal to P ¢, half the major

axis, and therefore to half the sum
of the greatest and least distances of the ellipse from its focus, is
the MEAN DISTANCE.

A planet is, therefore, at its mean distance from the sun when it
is at the extremities of the minor axis of its orbit.

There is another point ¥ on the major axis, at a distance ¥ c
from the centre, equal to o, which has also the geometric proper-
ties of the focus. It is sometimes distinguished as the EmprY
¥oous of the planet’s orbit.

Ellipses may be more or less ECCENTRIC, that is to say, more or
less oval. The less eccentric they are, the less they differ in form
from a circle. The degree in which they have the oval form de-
pends on the ratio which the distance FC of the focus from the
centre bears to P C, the semi-axis major. Two ellipses of different
magnitudes in which this ratio is the same, have a like form, and
are equally eccentrio. The less the ratio of CF to oP is, the more
nearly does the ellipse rcsemble a circle. This ratio is, therefore,
called the ECCENTRICITY.

The eccentricity of a planct’s orbit will, therefore, be that num-
ber which expresscs the distance of the sun from the centre of the
ellipse, the scmi-axis major of the orbit being taken as the unit.

2607. Apsides, anomaly.— The points of PERIHELION and
APHELION, are called by the common name of APsIDEs.

If an eye placed at the sun F look in the dircction of p, that
point will be projected upon a certain point on the firmament. This
is called the PLACE OF PERIHELION.

The angle formed by a line drawn from the sun to the place p of
a plauet, and the major axis of its orbit, or, what is the same, the
angular distance of the planet from its perihelion, as seen from the
sun, 18 called its ANOMALY.

If an imaginary planct be supposed to move from perihelion to
aphelion with any uniform angular motion round the sun in the
same time that the real planet moves between the same points with
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a variable angular motion, the anomaly of this imaginary planet is
called the MEAN ANOMALY of the planet.

2608. Place of perihelion. — The PLACE OF PERTHELION i8 ex-
pressed by indicating the particular fixed star at or near which the
planet at P is seen from P, or, what is the same, the distance of
that point from some fixed and known point in the heavens. The
point selected for this purpose is the vernal equinoxial point, or the
first point of Aries (2435). The distance of perihelion from this
point, as seen from the sun, is called the LONGITUDE OF PERIHE-
LION, and is an important condition affecting the position of the
planet’s orbit in space.

2609. Eccentricities of orbits small. —The plancts’ orbits, like
that of the earth, though elliptical, are very slightly so. The ec-
centricities are so minute, that if the form of the orbit were de-
lineated on paper, it could not be distinguished from a circle except
by very exactly measuring its breadth in different directions.

2610. Law of attraction deduced from elliptic orbit. — As the
equable description of areas round the centre of the sun proves that
point to be the centre of attraction, the elliptic form of the orbit
and the position of the sun in the focus indicate the LAW according
to which this attraetion varies as the distance of the planet from the
sun varies. Newton has demonstrated, in his PRINOIPIA, that such
a motion necessarily involves the condition that the intensity of the
attractive force, at different points of the orbit, varies inversely as
the square of the distance, increasing as the s