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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 the series of 
treatises of which the present volumes form a part. 	The 
methods of demonstration and illustration have been adopted 
with this view. 	It is, however, neither possible nor de- 
sirable invariably to 	exclude the 	use 	of mathematical 
symbols. 

Some of these, expressing mere 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 clear-
ness 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 laws of nature. 

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

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

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

Grpt pains have been taken to render the present se.... 
completein all respects, and as nearly co-extensive with tit 
actual state of the sciences as the objects to which it is 
rected admit. Each of the classes of readers for whose 'dor 
especial use it is designed will doubtless. find in it somethin, 
which, for their purpose, is superfluous ; but it must be con 
sidered that the parts which are thus superfluous for one m 
precisely those which are most essential for another. 	It I 
hoped that no student will find that anything important fin 
his objects has been omitted. 

The rapid succession of discoveries by which astronomy 
has of late years been extended has rendered elementary 
works in that science previously published to a certain ex-
tent obsolete, while the 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 societies 
and other forms of publication equally inaccessible to the 

1 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 9f observers have been 
carefully reviewed and large selections made from them are 

   
  



PIC& FACE. 	 V 

now for the first time presented to the student in an elemen- 
tary form. 	In cases where the subject required for its 
better elucidatioi 	graphic 	illustrations, 	and where such 
representations could be obtained from original and au-
thentic 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 Miidler, those of Jupiter by MM. Miidler 
lnd Herschel, and those of Saturn by MM. Dawes and 
',fclunidt ; among cometary objects to the magnificent draw- 
0  lgs, of Encke's comet by Struve, and those of Halley's 
ihomet by MM. Struve, Maclear, and Smith; and among 
stellar objects to the splendid selection of stellar lusters 
Land nebulas 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 elemen-
sary work, the remarkable drawings of solar spots by 
sPastorff and Capocci ought not to be passed without notice. 
., To have entered into the details of the business of the 

observatory, beyond those explanations which are necessary 
and sufficient to give the reader a general notion of the pro-
cesses by which the principal astronomical data are obtained, 
would not have been compatible with the popular character 
and limited dimensions of such a treatise as the present. 

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

In the composition of the work it has been the good for-
tune of the Author to detect several errors of considerable 
importance which have been hitherto almost universally 
disseminated in elementary books, 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 

   
  



v i 	 PREFACE. 

particularly to the Uranography of Saturn, a subject which 
has been hitherto completely misapprehended, 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. 

* See a Memoir, by the Author, on the Uranography of Saturn, in 
Vol. XXIL of the Memoirs of the Royal Astronomical Society, London, 
Sept. 1853. 
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H AND-BOOK 

OF 

ASTRONOMY. 

• 
BOOK THE FIRST. 

METEOROLOGY. 

CHAPTER I. 

TERRESTRIAL BEAT. 

2160. Insufficiency of thermal observations.— To ascertain the 
laws which regulate the distribution of heat and the periodical 
vicissitudes of temperature on and below the surface of the 
earth and in the superior strata of the atmosphere, is a problem 
of which the complete solution would require a collection of 
exact thermal observations, made not only in every part of the 
earth, but for a long series of years, not to say ages. 	Experi- 
mental research has not yet supplied such data. 	Observations 
on temperature made at periods even so recent as those within 
which physical science has been•cultivated with more or less 
ardour and success, were in general scattered and unconnected, 
and marked neither by system nor precision. 	It was only 
since the commencement of the present century that observa-
tions on terrestrial heat were accumulated in sufficient quantity, 
and directed with the skill and 	precision indispensable 	to 
render them the source from which, the laws of temperature 

   
  



2 	 METEOROLOGY. 

could be evolved. 	The experiments and observations of Hum- 
boldt, and the profound theoreticalresearches of Fourier and 
Laplace, supplied at once the nucleus of our present knowledge 
in this department of physics, and gave an impulse to inquiry, 
by which others have been carried forward and guided; so'that 
if we do not yet possess all the data which sufficiently extended 
and long-continued observation and experiment might afford, 
enough has at least been done to establish with certainty some 
general laws which . prevail in. the physics of heat, and to 
shadoW forth ethers which future inquirers will confirm or 
modify.: 	• 

2161. Local variations of 'temperature:—The superficial 
temperature of the earth varies with the latitude, gradually de-
creasing in proceeding from the equator towards the poles. 

It also varies with the elevation of the point of observation, 
decreasing in proceeding 0' 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 cer-
tain 'strtiturn, at which the temperature is invariable. 

At a given latitude and a given elevation. the temperature 
varies with the .charaettr :Of the surface, according as the place 
of observation. is on sea or land; and if on land, according 'to 
the nature, productions, or contlitioa of the soil, and the acci-
dents of the surface, such as its inclination•or aspect. 

2162. Diurnal thermometric period.— ...t a given place the 
temperature undeigoes two 'principal periodic variations, diur- 
nal and annual. • 	 e 

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 pasSedthe meridian. 	Tbe tempera- 
ture then gradually falls until it.returns :to the minimum in 
the morning. 	 . .. 

This diurnal thermometric period varies with the latitude, 
the elevation of the place, the character, of ,the surface, and 
with a great variety"or;, yocal. conditions, which,'not only affect 
the hours of the maximum, minimum, and mean temperatures, 
but also the differen'ce between the maximum and minimum, ox' 
the extent of the variation. 

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

'other conditions that affect the thermal Phenomena. 
1 	. 
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In order to be enabled to evolve the general thermal laws 
from phenomena so complicated and shifting, it is above all 
things necessary to define and ascertain those mean conditions 
or states, round 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. 

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,..iind 435400 'below the mean .temperature. 
If, then, the mean temperature be subtracted from each of thozie 
above it, and if each-oCtlose below it be subtracted from it, the 
sum of the remainders-in the one cafe must be equal to the sum 
of the remainders in the 'other. 

This is equivalent to stating that the mean temperature, mul-
tiplied by 86,400, will give the same result as would be obteined 
by adding together'all the 86,400 observed ten2peratures. 

But the . thernionktric column is not subject.tä such rapid 
changes as to show any observabledifference of eletration from 
second to second, noriev..en from minute to minute. If its height 
be observed everytour, the,mean diurnal temperature will be 
obtained by adding,together the twelve horary temperatures, 
and dividing their rim by 12. 	But even this is not neces- 
sary, and the same: result is more easily olitaftsed, either by 
taking the sum of the temperatures at sunriserat 2 r. nr., and at 
sunset, and dividing the result by 3, •or more simply still by 
adding toAther the maximum and.minimum temperatures, and. 
taking half their sum. ,Whichever of these methods' be adopted, 

. the same result very ,nearly will be' obtained.' 
2165.. The mean temperature of the month.— This is found 

by dividing the sur4f,!the mean diurnal temperatures by the 
number of days. A 

2166. Thi,'"oh,eofn tentpercaurekj; the.year.— This may be 
found by dividing the sum of "the mean monthly temperatures 
by12. 	 ..• 

. 	.  
2167. Month of mean temperature. — it is. fund that in 

each climate there is a curtain month of'whi-cr. the mean tem_ 
perature is identical wilirthe mean- feraperatute" ofthe year, or 

r very nearly so. 	This circumstance, when le month is known, 
n 2 ' 	 - 
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supplies an easy method of observing the mean temperature of 
the year. 

In our climate this month is October. 
2168. The temperature of the place. — The mean annual 

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

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

Thus it was found by a comparison of thirty mean annual 
temperatures at Paris, that the mean was 510.44, 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 teiNieDaturte of that place. 

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

2169. Isothermal lines.—In proceeding successively along 
the same meridian from the equator towards the pole, the mean 
temperature decreases' generally, but not regularly nor uni- 
robtly. 	At some points it even happens that the mean 
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Ltemperature augments, instead of decreasing. 	These irregu- 
larities are caused partly by the varying character of the 

' surface, over which the meridian passes, and partly by the 
atmospheric effects produced by adjacent regions, and a multi- 
tude of other causes, local and accidental. 	As these causes of 
irregularity in the rate of decrease of the mean temperature, 
proceeding from the equator to the poles, are different upon 
different 	meridians, 	it is evident 	that 	the points of 	the 
meridians which surround the globe, 	at which the mean 
temperatures are equal, do not lie upon a parallel of latitude, 
as they wound if the causes which affect the distribution •of 
heat were free from all such irregularities and accidental 
influences. 	• 

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

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

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

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

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

The mean temperature of the terrestrial equator is subject to 
very little variation, and it may bliqefore be considered 	as 
very nearly an isothermal line. 	its 'mean temperature varies 
between the narrow limits of 81rand 82y. 

2172. Thermal equator.—If, upon each meridian, the point 
of greatest mean temperature be taken, the series of such 
points will follow a certain course round the globe, which has 
been designated as the thermal equator. 	This line departs 
from the terrestrial equator, to the extent of ten or twelve 
degrees on the north and about eight degrees on the south side, 
following a sinuous and irregular course, intersecting the ter-
restrial equator at about 100°, and 160° east longitude. —It 
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attains its greatest distances north at Jamaica, and at a point.  
in Central Africa, having a latitude of 15°, and east longitude 
10' or 12°. 	The greatest mean temperature of the thermal 
equator is 86°. 

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

2173. The second (hernzal zone. — This zone, which is in-
cluded between the isothermal parallels characterized by the 
mean temperatures of 74°  and 68° is much more sinuous, and in-
cludes very various latitudes. At the points where it intersects 
the meridians of Europe, it is convex towards the north, and 
attains its greatest latitude in Algeria. 

2174. The third thermal zone. —This zone, included be-
tween the isothermal parallels which have the mean tempera-
tures of 68° and 59°, passes over the coasts of France upon the 
Mediterranean, about the 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, including 
Pekin on the east, and Philadelphia, New York, and Cincinnati 
on the west. 	It is evident from this arrangement of the fourth 
thermal zone, that the climate of Europe is warmer than that 
of those parts of the eastern and western continents which have 
the same latitude. 	 • 

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

2177. The polar regions. — The circle whose area is com-
prised within the isothermal parallel whose mean temperature 
is 32°, is still less known. 	Nevertheless, the results of the ob- 
servations made by arctic voyagers withirtthe last twenty years, 
afford ground for inferring that the mean temperature of the 
pole itself must be somewhere from 13°.to 35° below the zero 
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of Fahrenheit, or 45° to 67° below the temperature of melting 
ice. 

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

2179. Constant, variable, and extreme climates. — One of 
the circumstances which produce the most marked difference 
in the climates of places having the same mean temperature is 
the difference between the extreme temperatures. 	In this 
respect climates are classed as constant, var iable, 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 ex-
tremes is more considerable, and extreme climates are those 
in which this difference is very great. 

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

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

elem. Mean Temperature. 
Highest mean 

Monthly Tempera- 
tore. 

fewest mean 
Monthly Tempera- 

ture. 
Difference. 

Funchal 	- 	- 

Loudon 	- 	. 
Paris 	. 	_ 
St. Malo 	- 	- 

New York 	- 
Pekin 	- 	. 

0 
69 

0 
75.56 

0 
62•96 

0 
12'60 

50•39 
51*08 
54'14 

66•92 
6510 
64'40 

4112 
3614 
3716 

25*20 
29.16 
26'64 

6318 
53'86 

8018 
84•38 

25'34 
24•62 

55'14 
4916 

Funchal offers the example of a constant or insular climate ; 
London, Paris, and i§t. Malo, of a variable; and New York and 
Pekin of an extreme climate. 
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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 
general distribution of heat through the seasons should be 
stated. 	For this purpose we should have an exact record, not 
only of the extreme temperatures and the mean annual and 
monthly temperatures, but also the mean diurnal. 	The import- 
ance of such data in any climatological inquiries will be per-
ceived when it is considered that a few degrees difference in 
the lowest temperature, will decide the question of the possi- 
bility of certain vegetable 	productions 	continuing 	to live, 
and the difference of a few degrees in the highest temperature 
will render it possible or net for certain fruits to ripen. 

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

Greatest Heat. Greatest Cold. 

Year. Month. Temperature, 
Fahrenheit. Year. Month. 

January •  13. 

DI 	8. „ 	8, 
rs 	8. 
,. 	29. 

December 30. 
n 	31. 

January 2,5, 
December 26. 
January 14. 

Teperature, 
Fahrenheit. 

0 
— 9.6 
— 11 
+ 6'6 
+ 3'9 
+ 1*2 
— 2•4 
— 2'4 
— fel 
—101 
4- 0'3  
+ 59 

1706 
1753 
1734 
7755 
1793 
1793 
1800 
1802 
1803 
1808 
1818 

August 8. 
July 7. 

., 14. 
„ 14. 
” 	8. 
„ 16. 

August 18. 
II 	8.  8. 

July 15. 
„ 	24. 

0 
95.5 
96.1 
95'0 
94'5 

101'1 
'99'1 
95'9 
97•5 
98'1 
97'2 
94•1 

1709 
1716 
1754 
1755 
1768 
1776 
1783 
1788 
1795 
1798 
1823 

% 
2183. Extreme temperature in torrid zone. — The highest 

temperature of the air which has been observed within the 
torrid zone is 130°, which was observed by MM. Lyon and 
Ritchie, in the Oasis of Mourzouk. 	This, however, is an ex- 
treme and exceptional case, the temperature, even in this zone, 
rarely exceeding 120°. 

2184. Extreme temperature in polar regions.—The lowest 
temperatures observed by arctic voyagers in the polar regions 
range from 40° to 60° below zero of Fahrenheit, which is from 
/0° to 90° below the temperature of melting ice. 	Thus it 
appears that the air at the surface of the earth ranges between 
—60° and.+ 120°, the extremes differing by 180°. 
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2185. The variation of temperature depending on the ele- 
vation of the observer above the level of the sea. —Innumerable . 
phenomena show that the temperature of the air falls as the 
elevation increases. 	The presence of eternal snow on the ele- 
vated parts of mountain ranges, in every part of the globe, not 
excepting even the toriid zone, is a striking evidence of this. 

Numerous observations have been made on the slopes of 
mountains, and by means of balloons and kites, to ascertain the 
law according to which the temperature falls as the height 
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 55° 
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 Temperature. Difference. 

0 0 
0 81 0 

3250 71 10 
6500 65 6 
9750 58 7 

13,000 441 13 
16,250 34t • 

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

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

n 5 

   
  



10 
	 METEOROLOGY. 

from 300 to 330 feet, corresponds to a fall of one degree of I 
temperature on an average, subject, however, to considerable 
local Variation. 

21p5. Elevation of the limit of perpetual snow. —It might 
appdar that in those elevations at which the 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 snow. 	Observation nevertheless shows such an 
inference to be erroneous. 	Humboldt in the equatorial regions, 
and M. Leopold de Buch in Norway and Lapland, have shown 
that the show-LINE does not correspond with aancan 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 261°. 

2186. Conditions which affect it. —It appears that the snow- 
line is determined not so much by the mean annual temperature 
of the air as by the temperature of the hottest month. 	The 
higher this temperature is, the more elevated will be the limit of 
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 nature of the soil, the 
inclination and aspect of the surface, the prevailing winds, &c. 

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

Mean 
Observer. Lat. Place. Iteheht 

n Feet. 
Tempera. 

lure. 

o _!0 
Humboldt - 	- 	- 0`I° 10 Eticupichincha 	- 	. 	_ 15,730 341 

- 	- 	- „ Huatipichincha 	- 	- 	- 
Antisana 	- 	- 

,, 0 

Corazon 	. 	- 	- 	. 
„ 	- 	- 

Penti;nd 	- 	- 	- 

,, 

14 to 10 

Cotopaxi 	. 	- 	- 	. 

EnChsi 	 - 
;1
0
11
r,
)0

,
rz

o
o
rd

-
iiierns  of Upp--er Peru 17:40 0 

Humboldt : 	: 	: I9 c:.  20 
 ditto 	dilte, ,

,I
'
r
e
i 
 Le

z
r
a
n 	

. - 
	

. 
- 	. 

16,020
Popocatepetl 

	

a 	- 	- 	” 
-- 

	

Webb 	- 	- 	- 

Engelhardt and Parrot 

a 
27 t; 36 

42 to 43 

Fonmehlan, 	 - 	- 	- 
ifvaiodepoica- 

 

	

Himalaya (south : 	- 
a 	(north side) 	. 	.. Caucasus 	- 	- 	. . 

a 
.1 12;30 

16'400 10,5.0  3,3•3 
Ramond 	- 	- 	- „ Pyrenees 	- 	- 	- tin  a :2 . - 45 to 46 Alps - 	- 	- 	- 
Wallenberg 	- 	- 49 Carpathians - 	. 	- 	" 4  

	

Leopold de Buch 	- 
„ 	- 	. 	- 

6I 
70 - 	- Peak of Saletind 4941 

	

" 	- 	- 

	

Tile Storvans Veld 	_ 	. 
Wi40 3480 

- 
41'0 
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2188. Further results of Humboldt's and Pentland's re-
searches.—To these general results may be added the following 
observations of M. Humboldt*: — 
" 1. The snow-line on the Andes does not vary 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 
higher than upon the Line. This might probably be explained 
by the nature and configuration of the surface. 

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

" The summit of Mowna Roa (0whyhee), 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 to 16,000 feet, a greater elevation than upon the 
Line. 

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

"6. The snow-line on the chain of mountains which extend along 
Norway, from 58° to 70° lat., is at an elevation of 5000 feet. 
This great elevation in latitudes so high is probably ex-
plicable by local atmospheric phenomena, and the proximity 
of the sea." 
2189. Thermal phenomena below the surface. — At a given 

place the surface of the ground undergoes a periodical variation 
of temperature, attaining a certain maximum in summer, and a 

* " Notice on the Snow-line," Ann. de Ch. et Phys. tom. xiv. p. 1. 
13 6 
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minimum in winter, and gradually, but not regularly or uni-
formly, augmenting from the minimum to the maximum, and 
decreasing from the maximum to the minimum. 

The question then arises as to whether this periodi6 variation 
of temperature is propagated downwards through the crust of 
the earth, and if so, whether in its descent it undergoes any and 
what modifications ? 

To explain the phenomena which have been ascertained by 
observation, let us express the mean temperature by at, and let 
the maximum and minimum temperatures be T and t. 

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

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

This mean temperature, however, though nearly is not pre- 
cisely equal to the mean temperature at the surface. 	In de- 
scending M undergoes a slight increase, and at the depth where 
T and t become equal to at, and the variation disappears, the 

" mean temperature is a little higher than the mean tempera-
ture • of the surface. 	, 

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

2192. Its depth and temperature at Paris.— The same ther-
mometer which has been kept for sixty years in the vaults of 
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the Observatory at Paris, at the depth of eighty-eight feet be-
low the surface, has shown, during that interval, the tempera-
ture of 11°•82 Cent., which is equal to 534-° Fahr., without 
varying more than half a degree of Fahr., and even this varia-
tion, small as it is, has been explained by the effects of currents 
of air produced by the quarrying operations in the neighbour- 
hood of the Observatory. 	. 

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

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

1. The diurnal variations of temperature are not sensible to 
a greater depth than 31 feet. 

2. The difference r — t between the extreme temperatures 
of the strata decreases in geometrical progression for 'depths 
measured in arithmetical progression, or nearly so. 

3. At the depth of 25 feet, T - t = 2°. 	At 50 feet T - t 
=0.2 ; and at 60 to 80 feet, T - t = 0°•02. 

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

	uniform 
temperature. 

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

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

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

It has not been certhinly ascertained whether the hot springs, 
some of which rise to a temperature little less than that of 
hoilin.,

t' 
 water, derive their heat from the great depth of the 

strata from which they rise, or from local conditions affecting 
the strata. 	The uniformity of the temperature of many of 
them appears to favour the former hypothesis ; but it must not 
be forgotten that other geological conditions besides mere depth 
may operate with the same permanency and regularity. 

2197. Thermal conditions of seas and lakes. — The ano- 
malous quality manifested in the dilatation of water when its 
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temperature falls below 38°•8 Fahr. (1395), and its consequent 
maximum density at that temperature, is attended with most 
remarkable and important consequences in the phenomena of 
the waters of the globe, and in the economy of the tribes of 
organised creatures which inhabit them. 	It is easy to show 
that, but for this provision, exceptional and anomalous as it 
seems, disturbances would take place, and changes ensue, which 
would be attended with effects of the most injurious descrip-
tion in the economy of nature. 

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

The superficial stratum falling in temperature, will become 
heavier, volume for volume, than the strata below it, and will 
therefore sink, the inferior strata rising and taking its place. 
These in their turn being cooled will sink, and in this manner 
a continual system of downward and upward currents will be 
maintained, by means of which the temperature of the entire 
mass of liquid will 	be continually equalized and rendered 
uniform from the surface to the bottom. 	This will continue so 
long as the superficial stratum is rendered heavier, volume for 
volume, than those below it, by being lowered ill 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 
superficial 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 man-
ner a succession of strata, one below the other, to a certain 
depth, will be lowered in temperature by the cold of those 
above them, but each stratum being lighter than those below, 
will remain at rest, and no interchange by currents will take 
place between stratum and stratum. 	If water were a good 
conductor of heat, tie cooling effect of the surface would extend 
downwards to a considerable depth. 	But water being, on the 
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contrary, an extremely imperfect conductor, the effect of the 
superficial temperature will extend only to a very limited 
depth ; and at and below that limit, the uniform -temperature of 
38°.8, that of the greatest density, will be maintained. 

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

If ice were a good conductor of heat, this downward process 
of congelation would be continued indefinitely, and it would 
not be impossible that the entire mass of water from the surface 
to the bottom, whatever be the depth, might be solidified. Ice, 
however, is nearly as bad a conductor of heat as water, so that 
the superficial temperature can be propagated only p 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. 

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

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

For sea water the freezing point is 281°. 
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aequent equalization of temperature, will take place, and this 
will continue until the superficial stratum attain the tempera-
ture 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, so long as it con-
tinues above 38'8, will be attended with an interchange of cur-
rents between •the superficial and those inferior strata whose 
temperature is above :38°.8, and a consequent equalization of 
temperature. 

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

In accordance with this, it has been found by observation 
that in the torrid zone, where the superficial temperature of the 
sea is about 83°, the temperature decreases with the depth until 
we attain the stratum of invariable temperature, the depth of 
which, upon the Line, is estimated at about 7000 feet. 	The 
depth of this stratum gradually diminishes as the latitude 
increases, and the limit at which it coincides with the surface 
is somewhere between 55° and 60°. 	Above this the tem- 
perature of the sea increases as the depth of the stratum 
increases, until we sink to the stratum of invariable tem-
perature, the depth of which at the highest latitudes (at which 
observations have been made) is estimated at about 4500 feet. 

2201. Effect of superficial agitation of the sea extends to 
only a small depth.--It might be imagined that the tempera* 
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ture of the surface would be propagated downwards, and that 
a thermal equalization might therefore be produced by the 
intermixture of the superior with the inferior strata, arising 
from the agitation of the surface of the waters by atmospheric 
commotions. 	It is found, however, that these effects, even in 
the case of the most violent stormi and hurricanes, extend to 
no great depth, and that while the surface of the ocean is fur-
rowed by waves of the greatest height and extent, the inferior 
strata are in the most absolute repose. 

2202. Destructive qffects which would be produced if water 
had not a point of maximum density above its point of congela-
tion. —If water followed the general law, in, virtue of which all 
bodies become more dense as their temperature is lowered, a 
continued frost might congeal the ocean from its surface to the 
bottom, and certainly would do so in the polar regions ; for in 
that case the system of vertical currents, passing upwards and 
downwards and producing an equalization 	of temperature, 
which has been shown to prevail above 38°•8, would equally 
prevail below that point, and consequently the same equalization 
of temperature would be continued, until the entire mass of 
water, from the surface to the bottom, would be reduced to the 
point of congelation, and would consequently be converted into 
a solid mass, all the organized tribes 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, combined 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 zone, while the tem- 
perature on land suffers a diurnal variation amounting to 10°, 
the extreme diurnal variation at sea does not exceed 3°. 	In 
the temperate zone the diurnal variation at sea is limited gene-
rally to about 5°, while on continents it is very various and 
everywhere considerable. 	In different parts of Europe it 
varies from 20° to 25°. 

At sea as on land the time of lowest temperature is that of 
i sunrise, but the time of greatest heat is about noon, while on 
land it is at two or three hours after noon. 
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On comparing the temperature of the air at sea with the 

superficial temperature of the water, it has been found that 
between the tropics the air, when at its highest temperature, is 
warmer than the water, but that its mean diurnal temperature 
is lower than that of the water. 

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

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

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

2206. 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 twelve to fifteen hun-
dred square miles, the thickness varying from twenty to twenty- 
five feet. 	The surface is sometimes so even that a sledge can 
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run without difficulty for an hundred miles in the same direc- 
tion. 	It is, however, in some places, on the contrary, as uneven 
as the surface of land, the masses of ice collecting in e Aumns 
and eminences of a variety of forms, rising to heights of from 
twenty to thirty feet, and presenting the most striking et2 pic- 
turesque appearances. 	These prodigious crystals s metimes 
exhibit gorgeous tints of greenish blue, resembling t ,e topaz, 
and sometimes this is varied by a thick covering of snow upon 
their summits, which are marked by an endless variety of form 
and outline. 

2207. Production of iceberg's by their fracture. — These 
vast ice fields are sometimes suddenly broken, by,  the pressure 
of the subjacent waters, into fragments presenting a surface of 
from 100 to 200 square yards. 	These being dispert2, are 
carried in various directions by currents, and sometimes by the 
effect of intersecting currents they are brought into collision 
with a fearful crash. 	A ship, which might chance in such a 
case to be found between them could no more resist their force 
than could a glass vessel the effect of a cannon ball. 	Terrible 
disasters occur from time to time from this cause. 	It is by the 
effects of these currents upon the floating masses of broken ice 
that these seas are opened to the polar navigators. 	It is thus 
that whalers are enabled to reach the parallels from 70° to 80°, 
which are the favourite resort of those monsters of the deep 
which they pursue. 

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

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

11 100 or 120 feet in length, keep it sunk at a certain depth 
below the surface of the water. 	A vessel in such cases may 
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sail between the icebergs and over the sunken ice ; but such a 
course is attended with the greatest danger, for if any acci-
dental cause should detach either of the icebergs which keep 
down the intermediate mass while the ship is passing, the latter 
by its buoyancy will rise above the surface, and will throw up 
the ship with irresistible force. 

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

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

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

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

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

All the bodies of the material universe, which are distributed 
in countless numbers throughout the infinitude of space, are 
sources of heat, and centres from which that physical agent is 
radiated in all directions. 	The effect produced by the radiation 
of each of these diminishes in the same proportion as the square 
of its distance increases. 	The fixed stars are bodies analo- 
gous to our sun, and at distances so enormous that the effect 
of the radiation of any individual star is altogether insensible: 
When, however, it is considered that the multitude of these 
stars spread over the firmament is so prodigious that in some 

   
  



TERRESTRIAL HEAT. 	 23 
places many thousand are crowded together within a space no 
greater than that occupied by the disc of the full moon, it will 
not be matter of surprise that the feebleness of thermal in-
fluence, due to.their immense distances, is compensated to a great 
extent by their countless number; and that, consequently, their 
calorific effects in those regions of space through which the 
earth passes in its annual course is, as will presently appear, not 
only far from being insensible, but is very little inferior to the 
calorific power of the sun itself. 

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

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

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

When the firmament is quite unclouded, the atmosphere 
absorbs about one-fourth of the heat of those solar rays, which 
enter it vertically. 	A greater absorption takes place for rays 
which enter it obliquely, and the absorption is augmented in a 
certain ascertained proportion, with the increase of obliquity. 
It results from the analysis of the results obtained in the 
researches of M. Pouillet, that about forty per cent. of all the 
heat transmitted by the sun to the earth, is absorbed by the 
atmosphere, and that consequently only sixty per cent. of this 
Meat reaches the surface. 	It must, however, be observed that a 
part of the radiant heat, intercepted by the atmosphere, raising 

4  the temperature of the air, is afterwards transmitted, as well by 
radiation as by contact, from the atmosphere to the earth. 
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. 	 • By means of direct observation and experiment made with 

instruments Contrived by him, called pyrheliometers, by means 
of which the heat of the solar radiation was made to affect a 
known weight of water at a known temperature, M. Pouillct 
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 imparted to 
the surface of the great circle which forms the base of that 
hemisphere, if the solar rays were incident perpendicularly 
upon it. 

2215. Solar heat at the earth would melt a shell of ice 100 
feet thick in a year. — In this manner it was ascertained by 
M. Pouillet, that if the total quantity of heat which the earth 
receives from the sun in a year were uniformly diffused over 
all parts of the surface, and were completely absorbed in the 
fusion of a shell of ice encrusting 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 54001bs. 
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, independently 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 revolvei on its axis 
exposing successively every side to the earth in the course of 
about twenty-five days, that the calorific emanation from all 
parts of the solar surface is the same. 	Assuming this, then, it 
will follow, that the beat which the surface of a sphere sur-
rounding the sun at the distancNof the earth would receive 
would be so many times morel" th.an the heat received by the 
earth as the entire surface of such sphere would be greater than 
that part of it which the earth would occupy. 	The calculation 
of this is a simple problem of elementary geometry. 

But such a spherical surface surrounding the sun and con- 
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centrical with it, would necessarily receive all the heat radiated 
by that luminary, and the result of the calculation proves that 
the quantity of heat emitted by the sun per minute is such as 
would suffice to dissolve a shell of ice enveloping the sun, and. 
having a thickness of 38 	feet ; and that the heat emitted per 
day would dissolve such a shell, having a thickness of '55748 
feet, or about 101 miles. 

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

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

It appears from the observations, that the actual temperature 
of space is included betweett ther  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 temperature lies, is not yet satisfactorily 
ascertained, but M. Pouillet thinks that it cannot differ much 
from —224° Fahr. 

11. 	 0 
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2219. Heat received by earth from celestial space would melt; 
in a year, eighty-five feet thick of ice.—It is proved from these 
results, that the quantity of heat imparted to the earth in a 
year, by. the radiation of the celestial space, is such as 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 atmo-
sphere. 

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

The fact that the celestial spaces supply very little less heat 
to the earth annually than the sun, may appear strange, when 
the very low temperature of these spaces is considered, a tempe-
rature 180° lower than the cold-  61the pole during the presence 
of the sun. 	It muse,:however‘  be.  remembered that while the 
space from which the solar ra!lladon-exnatiates, is only that part 
of the firmament occupied& by. the disc of the sun, that from 
which the celestial radiation proceeds is the entire celestial 
sphere, the area of which is (Jima five million times greater 
than the solar disc. 	It will therefore cease to create surprise, 
that the collective effect of an area so extensive should he 
little short of that of the sun. 	•, 

The calorific effect due to the solar radiation, according to 
the calculations and observations of M. Pouillet, exceeds that 
which resulted from the formula; of Poisson. 	These formuke 
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 considerable, could be 
introduced in a more direct manner into Poisson's formula. 

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

i ..)3t future observation : 
1st. That the sun supplies the earth annually with as much 

heat as would liquefy 100 feet thick of ice covering the entire 
globe. 	 . 
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2d. That the celestial spaces supply as much as would liquefy 
85 feet thick.  

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

4th. That of the heat radiated by the earth, 90 per cent. is 
intercepted by the atmosphere, and 10 per cent. dispersed in 
space. 

5th. That the heat evolved on the surface of the sun in a 
day would liquefy a shell ofice 10 . miles thick, enveloping the 
sun, and the intensity of the solar fire is.seven times greater 
than that of the fiercest blast furnace. 

6th. That the temperature of space outside the atmosphere 
of the earth is 224° Fehr., or 256° behiw that of meltingice. 

7th. That the solar heat alone, constitutes only two-thirds 
of the entire quantity of heat' supplied, co the earth to repair 
its thermal losses by terrestdar radiatidd; and that without the 
heat supplied by steIlarladiaficik .the temperature of the earth 
would fall to a point which wOuld•be incompatible with organic 
life. 

CHAP. II.. 

THE AIR AND ATMOSPHERIC VAPOURS. 

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

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

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

2222. Mean annual height of barometer.— The mean height 
of the barometer at Paris obtained from observations continued 
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from 1816 to 1836, has been ascertained to be 29.764 inches. 
The mean annual height during this perkod did not vary so 
much as twelve hundredths of an inch. 

2223. Effect of winds on the barometric column. — It has 
been found that the barometric column is affected by the direc-
tion and continuance of the wind, but these effects are not the 
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 hun-
dredths of an inch. Observations made at Metz by Schuster gave 
a like result, but with a little less difference. 	At Marseilles, 
however, no such effect has been observed, but rather a ten-
dency to a contrary change, the height being generally above 
the mean in southerly winds, and below it in north-westerly. 

2224. Diurnal variations of the barometer. — A long series 
of observations on the diurnal changes in the barometer esta-
blish the existence of two periods, a period of decease from 
9 A.M. to 3 r.nr., and a period of increase from 3 P.m. to 
9 P.M. 	The mean amount of the former, taken from ten years' 
observation at Paris, was 0.0294 in., and of the latter 0.0146 in. 
The decrease from 9 A.m. to 3 P.M. is therefore less than the 
thirtieth of an inch, and the increase from 3 r.sr. to 9 rat. 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 morning are both more considerable and more 
regular, the amount of the decrease being always least in 
November, December, and January, and greatest in February, 
March, and April. 

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

2225. The winds. — No 	meteorological 'phenomenon 	has 
had so many observers, and there is none of which the theory 
is so little understood, as the winds. 	The art of navigation has 
produced in every seaman an observer, profoundly interested 
in the discovery of the laws which govern 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 has been collected 
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respecting the causes which produce these atmospheric currents 
is derived, nevertheless, much more from the comparison of 
the registers of observatories than from the practical experience 
of mariners. 

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

If we imagine, on the other hand, a piston inserted in the 
tube at some distance from its mouth, to be drawn outwards to. 
ward the mouth, the air behind it will expand into the space 
deserted 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 piston, the rarefaction which begins at 
the piston being propagated backwards 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 here supposed to take place in the tube is exhibited 
on a larger scale in the atmosphere. 	Any physical cause which 
produces a compression of the atmosphere from north to south 
will produce a north wind; and any cause which produces a 
rarefaction from north to south will produce a south wind. 

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

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

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

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

It is only by recounting the effects produced by these vast 
commotions of the atmospheric 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 given to it. 	In 
hurricanes such as that which took place at Guadaloupe on the 
25th July, 1825, houses the most solidly constructed were 
overthrown. 	A new building erected in the most durable 
manner by the government was rased to the ground. 	Tiles 
carried from the roof were projected against thick doors with 
such force as to pass through them like a cannon btill. 	A 
plank of wood 3,1, feet long, 9 inches wide, and an inch thick, 
was projected with such force as to cut through a branch of 
palm wood 18 inches in diameter. 	A piece of wood 15 feet 
long and 8 inches square in its cross section, was projected 
upon a hard paved road, and buried to a depth of more than 
three feet in it. 	A strong iron gate in front of the governor's 
house was carried away, and three twenty-four pounders erected 
on the fort were dismounted.  

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

2230. Water spouts and land spouts. — These phenomena, 
called water or land 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 mo-
tion, and resembling in form a conical cloud, the base of which 
is presented upwards, and the vertex of which generally rests 
upon the ground, but sometimes assumes a contrary position. 
This phenomenon is attended with a sound like that of a waggon 
rolling on a rough pavement. 

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

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

No satisfactory theory has yet connected these phenomena 
with the general laws of physics. 
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2231. Evaporation from the surface of water. — If the sur- 

face of a sea, lake, or 	other 
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large collection of water were 
exposed to the atmosphere con-
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the atmosphere would then be 
the sum of the pressures of the 
atmosphere, properly so called, 

Fig. 669. 	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 thus 
mingling with the atmosphere, acquires a common temperature 
with it. 	This vapour, therefore, receiving thus from the air 
with which it is intermixed more or less heat, after having 
passed into the vaporous state, is superheated vapour (1496.). 
It has, therefore, a greater temperature thaw tftat which corre- 
sponds to its density, or, what is the same, it has a less density 
than that which corresponds to its temperviture. 	Such vapour 
may therefore lose temperature to a- certain,.extent-without 
being condensed.,,  

2232. Air may be saturated with. balmier. —But if the same 
atmosphere continue to be suspended'oVer tlie surface of water, 
the process of evaporation being affitinued, the quantity of 
vapour which rises into the air and mingles with it will be con- 
tinually increased 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 ac- 
quire the greatest density compatible with the increased tem- 
perature, 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 den- 
sity of vapour compatible with it being less than at the higher 
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temperature, a part of the vapour must be condensed, and this 
condensation must continue until the vapour suspended in the 
air shall be reduced to that state of density which is the greatest 
compatible with the reduced temperature. 

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

2235. May become so by reduced temperature or inter-
mingling strata.--The state of saturation is, however, often 
attained either by loss of temperature, or by the intermixture 
of strata 	of air of different 	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 * will then become 
saturated, not by receiving any increased quantity of vapour, 
but by losing 6(4 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 intermin-
gled, ther,will take an intermediate temperature, that which 
had the highettemPthitikre imparting a portion of:its heat to 
that which had a lowertemperature. 	The vapour with which 
they were previously charged will likewise be intermixed and 
reduced to the common temperature. 	Now, in this case it may 
happen that the common temperature to which the, entire mass 
is reduced, after intermixture, shall be either equal to or less 
than the greatest temperature compatible with the density of 
the vapour in the mass of air thus mixed. 	If it be equal to 
that temperature, the mass of air after intermixture will be 
saturated, though the strata before intermixture were both 
below saturation ; and if less, condensation must take place 
until the density of the vapour suspended in the mixture be 
reduced, to the greatest density compatible with the tem-
perature. 
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2236. Air and vapour intermingle though of different spe-
cific 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 staticallaw, however, 
which prevails in liquids, is in the case of elastic fluids subject 
to important qualifications. 	The latter class of fluids have a 
tendency to intermingle and diffuse themselves through and 
among each other in opposition to their specific gravities. 
Thus if a stratum of hydrogen, the lightest of the gases, rest 
upon a stratum of carbonic acid, which is the heaviest, they 
will by slow degrees intermingle, a part of the hydrogen de-
scending among the carbonic acid, and a part of the carbonic 
acid ascending among the hydrogen, and this will continue 
until the mixture becomes perfectly uniform, every part of it 
containing the two gases in the proportion of their entire 
quantities. 	 . 

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

2237. The pressure of air retards, but does not diminish 
evaporation. — It may be stated generally, that the effect of 
a column of air superposed upon the surface of water is only 
to retard, but not either to prevent or diminish, the evapora- 
tion. 	The same quantity of vapour will be developed as 
would be produced at the same temperature if no air were 
superposed on the water; but while in the latter case the entire 
quantity of vapour would be developed instantaneously, it is 
produced gradually, and completed only after a certain in- 
terval of time when the air is present. 	The quantity of vapour 
developed, and its density and pressure, are however exactly 
the same, whether the space through which it is diffused be a 
vacuum, or be filled by air, no matter what the density of the 
air may be. 	The properties of the air, therefore, neither 
modify nor are modified by those of the vapour which is dif-
fused through it. 

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

CHAP. III. 

HYGROMETRY. 

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

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

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

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

2241. Method of determining the pressure and density of the 
c 6 
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vapour suspended in the air. —When the actual temperature 
of the air and the dew point are known, the pressure and 
density of the vapour suspended in the air may be found, 

Let T express the temperature of the air, t the dew point, 
r the pressure of the vapour which would saturate the air at 
the temperature T, p the pressure of the vapour which would 
saturate it at the temperature t, and, in fine, let r' express the 
pressure of the vapour actually suspended in the air. 

This pressure r' is greater than the pressure p, which the 
same vapour having the same density has at the temperature t, 
by that increase of pressure which is due to the increase of 
temperature from t to T. 	If the increase of pressure due to 
one degree of augmented temperature be expressed by n, the 
increase due to (T-t) degrees will be expressed by (T —I) x n. 
Hence, we shall have 

ri=p x {1 + (T —0 x n} 
So that when p, the pressure of the saturating vapour at •the 
dew point, is known, p', the actual pressure, can te found. 

But any means by which the temperature t at the due point 
can be determined, will necessarily also determine the pressure 
p, inasmuch as this pressure is that which corresponds to 
vapour having the greatest density compatible with the tem- 
perature t, and is therefore given by the tables (1494). 	This 
being found, l'' may be computed by the preceding formula. 

To find the density of the vapour actually suspended in the 
air, or, what is the same, the weight of water in the state of 
vapour contained in a cubic foot of air, let this weight be 
expressed by w4, and let w express the weight of vapour 
which would saturate a cubic foot of air at the temperature T. 

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

r : l'' :: W : W' ; 
Therefore,  

w'.w x P  —1''.., 	xp x {1+ (T — t) x n} P 
By this formula, therefore, the weight w' of vapour contained 
in a cubic foot of air can be found, provided the weight and 
pressure of the vapour which would saturate it at the same 
temperature, its dew point, and the pressure of the vapour 
which would saturate it at that point, are severally known. 
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2242. Table of pressures and densities of saturating vapours. 
-The following table, in which are given the pressure and weight 
of the saturating vapour in a cubic foot of air, at the several 
temperatures expressed in the first column, will supply all the 
data necessary for such calculations, provided only that means 
be obtained for• determining by experiment the dew point. 

TAntE showing the Pressure and Weight of saturating Vapour contained in 
a Cubic Foot of Air at Temperatures varying from _4° Fabr. to + 104° 
Fahr. 

Temperature. 'Inca!'  
Mercury. 
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•05 
'08 
•10 
•15 
•20 
•22 
•23 
•24 •26 
•28 
•30 
•32 
.34 
16 
•38 
'40 
.43 
'45 
'48 
•51 
'54 
'58 
•61 

Grains. 
1 
1 
1 
2 2 
2 a 
3 
3 a 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
7 

0 
66.2 
68'0 
691 
71.6 
73.4 
75.2 
77.0 
78.8 
80.6 
82.4 
84.2 
86.0 
87'8 
89'6 
91.4 
93.2 
95'0 
96'8 
986 

100'4 
102.2 
10413 

-64 
.68 
•72 
•76 
•8I 
•86 
•91 
•96 

1.02 
1'08 
114 
1'21 
1'28 
1.35 
03 
1.51 
1.59 
1.68 
1.77 
1.87 
1.97 
2.09 

6raitu. 
7 
7 
8 
8 
9 
9 

10 
10 
11 
12 
12 
13 
14 
14 
15 
16 
17 
18 
18 
19 
20 
21 

2243. Example of such a calculation.- As an example of the 
application of the preceding formuite, let us suppose that the 
temperature of the air is 77°, and that the dew point is ascer-
tained to be 641°. 

By the preceding table then we obtain the following data :- 
T = 77% 	p=0.91, 	t=54-1, 	p=0.44. 

But it appears from what has been already explained (1495), 
that n=0.002037=T  b• 

Hence we find 
PI  =0.44 x {l +22.5+0.002037) =0.46. 

It follows, therefore, that the actual pressure of the vapour 
suspended in the air is 46 per cent. of the pressure of the 
vapour which would saturate it. 
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We have also 
r=0.96, 	 w =10 : 

And therefore 
w'=5.05. 

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

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

2245. Daniel's Hygrometers.—Hygrometers have been con- 
in different forms, 	this , 	structed 	 on 	principle, 

to indicate the dew point. 	That of Daniel 
has been most generally adopted. 	This 
instrument consists of a glass tube, having 
a thin bulb blown on each end of it, and 
being bent into the rectangular form re- 
presented in fig. 670. 	The bulb a is filled 
to two-thirds of its capacity with ether, 
which being'boiled produces vapour which 
fills the tube t and the bulb 6, and escapes 

in through a small opening 	the bottom of Fig. 670. 	b. 	In this manner the air is expelled from 
the ether, the tube, and the bulbs. 	The opening in b is then 
closed with the blowpipe, and the heat being removed from the 
bulb a, the vapour in the tube and bulb 6 is condensed, so that 
the space within the instrument above the surface of the ether 
contains only the vapour of ether, which corresponds to the 
temperature of the fluid in the bulb a. 	A thermometer is 
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previously inserted in the tube t, the bulb of' which is plunged 
in the ether, and the bulb b is surrounded by a linen or muslin 
cloth, which, being saturated with ether by means of a small 
phial provided with a fine rectangular spout, evaporation takes 
place, by which the bulb b is cooled. 	The vapour of the ether 
which fills the bulb b is thus condensed in it, and more vapour 
flows in to fill its place from the tube t. 	The surface of the 
ether in a being thus continually released from the pressure of 
the vapour condensed, further evaporation and a consequent 
depression of the temperature of the fluid in the bulb a ensues, 
and this continues until the temperature of the bulb a is re-
duced to the dew point, when a cloudy deposition will be mani-
fested on the glass of the bulb a. 

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

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

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

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

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

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

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

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

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

The deposition of dew, however, also takes place even where 
the atmosphere is not reduced to its point of saturation. 	When 
the firmament is unclouded after sunset, all objects which are 
good radiators of heat, among which the foliage and flowers of 
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vegetables are the foremost, lose by radiation the heat which 
they had received before sunset without receiving any heat from 
the firmament sufficient to replace it. 	The temperature of such 
objects, therefore, falls much below that of the air, on which 
they produce an effect precisely similar to that which a glass of 
very cold water produces when exposed to a warm atmosphere 
charged with vapour. 	The air contiguous to their surface being 
reduced to the dew. point by contact with them, a part of the 
.vapour which it bolds in suspension is condensed, 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 on those surfaces which are good radiators. 
Foreign writers on physics accordingly class these depositions 
as different phenomena, the former being called by French 
meteorologists serein, and the latter rosee or dew. 	We are not 
aware that there is in English any term corresponding to 
serein. 

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

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

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

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

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

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

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

2250. Fabrication of ice in hot climates. — In tropical cli- 
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mates the principle of nocturnal radiation has supplied the 
means of the artificial production of ice. 	This process, which 
is conducted on a considerable scale in Bengal, where some 
establishments for the purpose employ several hundred men, 
consists in placing water in shallow pans of unglazed pottery in 
a situation which is exposed to the clear sky and sheltered from 
currents of air. 	Evaporation is promoted by the porous quality 
of the pans which become soaked with water, and radiation 
takes place at the same time both from the water and the pans. 
Both these causes combine in lowering the temperature of the 
water in the pans, which congeals when it falls below 32°. 

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

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

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

2252. Rain. — When condensation of vapour takes place 
in the upper strata of the atmosphere, a fog or mist is first pro- 
duced, after which the aqueous 	particles coalescing 	form 
themselves in virtue of the attraction of cohesion into spherules, 
and fall by their gravity to the earth, producing the pheno-
menon of rain. 
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2253. Rain gauge. —An instrument by which the quan-
tity of rain which falls upon an area of given magnitude, at a 
given place, within a given time, is called a RAIN GAUGE or 
EID031ETER. 

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

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

At Paris, the average annual quantity of rain which falls, 
obtained from observations continued for thirty years at the 
Observatory, is 23.6 inches. 	There is, however, considerable 
variation in the quantities from which this average is deduced ; 
the smallest quantity observed being 16.9 inches, and the greatest 
27.9 inches. 

The greatest annual fall of rain is that observed at Maran-
ham, lat. 2-r S., which is stated by Humboldt to amount to 
277 inches, more than double the annual quantity hitherto ob- 
served elsewhere. 	The following are the annual quantities at 
the under-named places : — 

In. 	 In. 
St. Domingo 	- 	- 120 	 Petersburg - 	- 	181 
Cayenne - 	- 	- 116 	Rome 	- 	- 	- 	311 
Island Granada - 	. 112 	Rotterdam - 	- 	- 	22,1 
Havannal► 	- 	- 	91 	Stockholm - 	- 	.. 	181 
Calcutta 	- 	- 	- 	76 to 118 	Vienna 	- 	- 	- 	171 
Bombay 	- 	- 	- 	83 to 96 	Alais (35 years) 	- 	391 
Martinique 	- 	- 	87 	Algiers (10 years) 	- 	361 
Sierra Leone 	- 	- 	86 	Bourdeaux (7 years) - 	33.5 , Berlin 	- 	- 	- 	201 	Chalons (43 years) 	- 	231 
Brussels 	. 	- 	- 	191 	Dijon (34 years) 	- 	271 
Florence 	- 	- 	- 	411 . 	Dieppe (8 years) 	- 	321 
Lyons 	- 	- 	- 	39.5 	Metz (22 years) - 	_ 	26.0  
Macstricht - 	- 	- 	361. 	Nantes (7 years) 	- 	84.8 
Marseilles - 	- 	- 	18.4 	Orange (30 years) 	- 	29.5 
Padua 	- 	- 	- 	36.6 	Jerwas (6 years) 	- 	501 
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In. 	 In. 

Rouen (3 years) 	- 	381 	Liverpool 	• 	- 	- 	34.12 St. Lo (3 years) 	- 	- 	311 	Lancaster 	- 	- 	- 	39.71 Toulouse (8 years) - 	- 	251 	Glasgow 	- 	- 	. 	21.33 
Basin of the Rhone (4 yrs.) 	35.0 	London (Dalton) . 	- 	20.69 
Kendal - 	- 	- 	- 	53'94 	, 	(Howard) 	- 	2410 Dumfries 	- 	- 	- 	3612 	York 	- 	• 	- 	- 	25.70 Manchester 	- 	- 	- 	36.14 	Edinburgh 	- 	- 	- 	25.00 

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

The only exact observations which have been made on snow 
refer to the forms of the crystals composing it, which Captain 
Scoresby has observed with great accuracy in his Polar Voy- 
ages, and of which he has given drawings. 	The flakes appear 
to consist of fine needles, grouped with singular symmetry. 
A few of the most remarkable forms are represented in 
fig. 671.  

2256. Hail. — The physical causes which produce this for- 
midable scourge of the agriculturist are uncertain. 	Hypo- 
theses have been advanced to explain it which are more or less 
plausible, but which do not fulfil the conditions that would en- 
title them to the place of physical causes. 	Volta proposed a 
theory, which has  obtained some celebrity, and which is cha-
racterized by the ingenuity that marked every physical investi- 
gation of that great philosopher. 	Two strata of clouds, each 
charged with vapour, and with opposite electricities, are sup-
posed to be carried by different atmospheric currents at different 
elevations to such a position, that one is vertical above the 
other, and separated from it by a stratum of the atmosphere of 
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a certain thickness. 	Assuming that condensation and congela- 
tion is produced in the superior cloud, and that hailstones of 

Gre 	1Y 	s :, 
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Fig. 671. 

small magnitude result directly from the congelation of par- 
ticles of water, these fall in a shower upon the inferior cloud, 
where their electricity is first neutralized by an equal charge of 
the contrary fluid, and they are then charged with that fluid, 
when they are repelled upwards, and rise again to the superior 
cloud, where like effects ensue, and they fal again to the in- 
ferior cloud, and so continue to rise and full between the two 
clouds upon the same principle as the pith-balls move in the 
experiment described in (1791). 	The gradual increase of mag- 
nitude of the hailstones during this reverberation between the 
two clouds is thus explained by Volta : — When they fall from 
the superior upon the inferior cloud they penetrate it to a cer- 
tain depth, and because of their low temperature, the vapour 
condenses and congeals upon their surface, thus increasing their. 
volume. 	The same effect is produced when they rise again to 
the superior cloud, and is repeated each time that they pass to 
and fro from cloud to cloud, until the weight of the stones be- 
come so great that it resists the electric attraction, and they 
then fall to the earth. 

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

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

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

Before the fall of hail, during an interval more or less, but 
sometimes of several minutes' duration, a rattling noise is gene-
rally heard in the air, which has been compared to that pro-
duced by shaking violently bags of nuts. 

Hail falls much more frequently by day than by 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 inferior surfaces 
having enormous protuberances, and their' edges being in-
dented and ragged. 

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

It appears, from an examination of the structure of hail-
stones, that at their centre there is generally an opaque nucleus, 
resembling the spongy snow that forms sleet. 	Round this is 
formed a congealed mass, which is semi-transparent. 	Some- 
times this mass consists of a succession of layers or strata. 
These layers are sometimes all transparent, 	but in different 
degrees. 	Sometimes they are alternately opaque and semi- 
transparent. 
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2258: Extraordinary examples of hailstones.—Extraordi-
nary reports of the magnitude of hailstones, which have fallen 
during storms so memorable as to find a place in general his-
tory, have come down from periods of antiquity more or less 
remote. 	According to the Chronicles, a hailstorm occurred in 
the reign of Charlemagne, in which hailstones fell which mea-
sured fifteen feet in length by six feet in breadth, and eleven 
feet in thickness; and under the reign of Tippoo.:Saib, hail-
stones equal in 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 observations on this-
subject. 

In a hailstorm which 	took place in Flintshire on 	the 
9th April; 1697, Halley saw hailstones which weighed five 
ounces. 
. 	On 4th May, 1697, Robert Taylor saw fall hailstones mea- 
suring fourteen inches in circumference. 

In the storm which ravaged Como on 20th August, 1787, 
Volta saw hailstones which weighed nine ounces. 
• On 22d May, 1822, Dr. Noggerath saw fall- at Bonn hail- 
stones which weighed from twelve to thirteen ounces. 

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

CHAP. IV. 

ATMOSPHERIC ELECTRICITY. 

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

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, at-
tracting the negative fluid to the surface and repelling ,the 
positive fluid. .to the inferior strata.• 	The globe and its atmo- 
sphere may therefore be not inaptly compared:to a Leyden 
phial, the outer coating Of which being placed in connexion 
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 ex- 
ceptions in quality or name. 	The variations are periodical and 
accidental. 	The exceptions local, patches of the general at- 
mosphere in which clouds float being occasionally charged with 
negative electricity. 

2261. Diurnal 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 igain 
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 mi-
nutes after sunrise. 

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

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

III. 	 D 
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Brussels for the.last ten years. 	M. Quetelet found that the first 
maximum "ivas manifested about 8 A. m., and the second about 
9 P. Al. 	The minimum in the day was at 3 P. rd. 	He found 
also that the mean intensity was greatest in January and least 
in June. 

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

2263. Irregular and local variations and exceptions.-- The 
intensity of the electricity of the air is also affected by the 
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 win- 
ter, and especially in frosty weather, than in summer, and when 
the air is calm than when winds prevail. 

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

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

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

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

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

2267. Electrical charge of clouds varies. — It has been 
shown by means of kites thus applied, that the clouds are 
charged some with positive and some with negative electricity, 
while some are observed to be in their natural state. 	These 
circumstances serve to explain some phenomena observed in 
the motions of the clouds which are manifested in stormy wea- 
ther. 	Clouds which are similarly electrified repel, and those 
which are oppositely electrified attract each other. 	Hence arise 
motions among such clouds of the most opposite and compli- 
cated kind. 	While they are thus reciprocally attracted and 
repelled in virtue of the electricity with which they are charged, 
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they are also transported in various directions by the currents 
which prevail in the atmospheric strata in which they float, 
these currents often having themselves different directions. 

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

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

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

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

The length of the flashes of lightning also varies; in some 	r 
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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 -simultaneously luminous, but that on the 
contrary the light is developed successively as the electricity 
proceeds in its course, the appearance of a continuous line of 
light being an optical effect analogous to the continuous line of 
light exhibited when a lighted stick is moved rapidly in a circle, 
the same explanation being applicable to the case of lightning 
(1143). 

2270. 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 
perception of the flash and that of the sound, the distance of the 
point where the discharge takes place can be computed approxi-
mately by allowing 1100 feet for every second in the interval. 

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

The varying loudness of the successive sounds heard in the 
rolling of thunder proceeds in part from the same causes as the 
varying intensity of the light of the flash. But it may, perhaps, 
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be more satisfactorily explained by the combination of the suc-
cessive discharges of the same cloud rapidly succeeding each 
other, and combining their effects with those arising from the 
varying distances of different parts of the same flash. 

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

B 
o im 

eo 

...- 

Fig. 672. 

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

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

2273. Affected by echo and by interference.—As the rolling 
of thunder is much more varied and of longer continuance in 
mountainous regions than in open plane countries, it is, no 
doubt,,  also affected by reverberation from every surface which 
it encounters while capable of reflecting sound. 	A part there- 
fore of the rolling must be in such cases the effect of echo. 

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

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

Water being a much better conductor than earth in any 
state of aggregation, thunder clouds act with great energy on 
the sea, lakes, and other large collections of water. 	The flash 
has a tendency to pass between the cloud and the water, just as 
the spark passei between the conductor of an electric machine 
and the hand presented to it. 	If the water were covered with 
a thin sheet of glass, the lightning would still pass, breaking 
through the glass, because, although the glass be a non-
conductor, it does not intercept the inductive action of the 
cloud, any more than a thin glove of varnished silk on the 
hand would intercept the spark from the conductor. 
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2275. Formation of fulgurites explained.—This explains the 
fact that lightning sometimes penetrates strata of the solid 
ground under 	which subterranean reservoirs of water are 
found. 	The water of such 	reservoirs is affected by the 
inductive action of an electrified cloud, and in its turn reacts 
upon the cloud as one coating of a Leyden jar reacts upon thc 
other. 	When this mutual action is sufficiently strong to over- 
come the resistance of the subjacent atmosphere, and the strata 
of soil under which the subterranean reservoir lies, a discharge 
takes place, and the lightning penetrates the strata, fusing the 
materials of which it is composed, and leaving a tubular hole 
with a hard vitrefied coating. 

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

2276. Accidents of the surface 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, pro-
jecting rocks, trees; lofty edifices, and other objects, natural and 
artificial, which project upwards from the general surface of the 
ground. 	Lightning never strikes the bottom of deep and close 
valleys. 	In Switzerland, on the slopes of the Alps and Pyre- 
nees, and in other 	mountainous 	countries, 	multitudes 	of 
cultivated valleys are found, the inhabitants of which know by 
secular tradition that they have nothing to fear from thunder- 
storms. 	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 light-
ning would strike. 

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

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

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

2277. Lightning follows conductors by preference. — Its ef-
fects on buildings.—Lightning falling upon buildings chooses by 
preference the points which are the best conductors. 	It some- 
times strikes and destroys objects which are non-conductors, 
but this happens generally when such bodies lie in its direct 
course towards conductors. 	Thus lightning has been found to 
penetrate a wall attracted by a mass of metal placed within it. 

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

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

A paratonnerre is a pointed metallic rod, the length of which 
varies with the building on which it is placed, but which is gene- 
rally from thirty to forty feet. 	It is erected vertically over the 
object it is intended to protect. 	From its base an unbroken 
series of metallic bars, soldered or welded together end to end, 
are continued to the ground, where they are buried in moist 
soil, or, better still, immersed in water, so as to facilitate the 
escape of the fluid which descends upon them. 	If water, or 
moist 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 charcoal, or, better still, 
with braise. 

The parts of a well-constructed paratonnerre are repre- 
sented in fig. 673. 	The rod, which is of iron, is round at its 
base, then square, and decreases gradually in thickness to the 
summit. 	It is composed commonly of three pieces closely 
jointed together, and secured by pins passed transversely through 
them. 	In the figure are represented only the two extremities 
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of the lowest, and those of the intermediate piece, to avoid giving 
inconvenient magnitude to the diagram. 	The superior piece, g, 

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

Three of the methods, reputed the most 
efficient for attaching the paratonnerre to 
the roof, are represented in fig. 674., at p, 1, 
and f. 	At p the rod is supported against a 
vertical piece, to which it is attached by stir- 

g 	rups ; 	at / it is bolted upon a diagonal 
brace; 	it is 

i 8 
and at f simply secured by bolts to 

 a horizontal beam through which it passes. 
The last is evidently the least solid method 
of fixing it. 

The conductor is continued downwards 
along the wall of the edifice, or in any other 
convenient course, to the ground, either by 
bars of iron, round or square, or by a cable of 
iron or copper wires, such as is sometimes 

7-7  
used 	for 	the 	lighter sort, of suspension 

c:3 bridges. 	This is attached, at its upper ex- 
tremity, to the base of the paratonnerre by 
a joint, which is hermetically closed, -so as 
to prevent oxydation, which would produce 

— 	a dangerous solution of continuity. 
To comprehend the protective influence of 

t 	this apparatus, it must be considered that the 
inductive action of a thunder-cloud decom- 

0 	t 1 	poses the natural electricity of the rod more 
energetically than that of surrounding ob- 
jects, both on account of the material and the 

Fig. 673. 	form of the rod (1776). The point becoming 
surcharged with the fluid of a contrary name from that of the 
cloud suspended over it, discharges this fluid in a jet towards 
the cloud, where it combines with and neutralizes an equal 
quantity of the electricity with which the cloud is charged, and, 
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by the continuance of this process, ultimately reduces the cloud 
to its natural state. 
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Fig. 674. 

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

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

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

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

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

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

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

2280. The Aurora Borealis — the phenomenon unexplained. 
— No theory or hypothesis which has commanded general ac-
ceptation, has yet been suggested for the explanation of this 
meteor. 	All the 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 ter- 
restrial magnetism. 	In the absence of any satisfactory theory 
for the explanation of the phenomenon, we shall confine our- 
selves here to 	a short description of it, derived from the 
most extensive and exact series of observations which have been 
made in those regions where the meteor has been seen with the 
most marked characters and in the greatest splendour. 

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

This phenomenon consists of luminous rays of various colors, 
issuing from every direction, but converging to the same point, 
which appear after sunset generally toward the north, occasion-
ally toward the west, and sometimes, but rarely, toward the 
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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 illu-
minate the entire atmosphere. 

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

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

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

The succession of appearances and changes presented by 
these meteors are thus described by AL 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 arc, of a pale yellow colour, the edges of which were diffuse, 
the extremities resting on the horizon. 	This bow 	swelled 
slowly upwards, its vertex being constantly on the magnetic 
meridian. 	Blackish streaks divided regularly the luminous 
arc, and resolved it into a system of rays ; these rays were 
alternately extended and contracted ; sometimes slowly, some-
times instantaneously ; sometimes they would dart out, in- 
creasing and diminishing suddenly in splendour. 	The inferior 
parts, or the feet of the rays, presented always,the most vivid 
light, and formed an arc more or less regular. 	The length of 
these rays was very various, but they all converged to that 
point of the heavens indicated by the direction of the southern 
pole of the dipping needle. 	Sometimes they were prolonged to 
the point where their directions intersected, and formed. the 
summit of an enormous dome of light. 

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

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

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 ellip, 
tical form ; but that does not always happen : it has been seen 
circular, the unequal 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 im, 
mense and magnificent dome of light, reposing on the snow, 
covered base supplied by the ground— which itself serves as a 
dazzling frame for a sea, calm 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 last's for some minutes: 
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corona becothes gradually faint, the whole phenomenon 
to the south of the zenith, 	forming bows gradually. 
and generally disappearing before they reach the south- 

horizon. 	All this most commonly takes place in the 
of the night, after which the aurora appears to have 

intensity : the pencils of rays, the bands and the frag-
of bows, appear and disappear at intervals ; then 

become more and more diffused, and ultimately merge 
the vague and feeble light which is spread over 

grouped like little clouds, and designated by the name 
plates (plaques aurorales). 	Their milky light 

undergoes striking changes in its brightness, like 
of dilatation and contraction, 	which are propagated 

between the centre and the circumference, 
which are observed in marine animals called Medusm. 

phenomena become gradually more faint, and generally 
altogether on the appearance of twilight. 	Some- 

however, the aurora continues after the commencement 
when the light is so strong that a printed book 

be read. 	It then disappears, sometimes suddenly ; but 
happens that, as the daylight augments, the aurora 
gradually vague and undefined, takes a whitish colour, 

is ultimately so mingled with the cirrho-stratus clouds 
impossible to distinguish it from them. 

of the appearances here describes} are represented 
675, 676, 677, 678., copied from the memoir of M. Lottin. 
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There 

discordant. 

is great difficulty in determining the exact height 
aurora borealis 	above the earth, and,  accordingly 

given on this subject by differed! observers are widely 
Mairan supposed the mean 'height to be 

leagues ; Bergman says 460,, find %vier several thou- 
miles. 	From the comparison of a hiiinber of observations 
aurora that appeared in March/ 1826, made at different 
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places in the north of England and south of Scotland, Dr. 
Dalton, in a paper presented to the Royal Society, computed 
its height 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 ear,th produces no change 
in its apparent position, it must necessarily partake of that mo- 
tion, and consequently be regarded as an atmospherical phe- 
nomenon. 

. 	. 
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BOOK THE SECOND. 

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 
globular mass of matter, and one of an assemblage of bodies of 
like form and . analogous magnitude which revolve in paths 
nearly circular round a common centre, in which the sun, a 
globe having dimensions vastly greater than all the others, is 
established, maintaining physical order among them by his pre-
dominant attraction, and ministering to the well-being of the 
tribes which inhabit them by a fit and regulated supply of light 
and heat. 

This group of bodies is the SOLAR SYSTEM.  
2284. The stellar universe. — In the vast regions of space 

which surround this system other bodies similar to the sun are 
placed, countless in number, and most of them, according to all 
probability, superior in magnitude and splendour to that lumi- 
nary. 	With these bodies, which seem to be scattered through- 
out the depths of immensity without any discoverable limit, we 
acquire some acquaintance by the mere powers of natural 
vision, aided by those of the understanding; but this knowledge 
has received, especially in modern times, prodigious extension 
from the augmented range given to the eye by the telescope, 
and by the great advances which have been made in mathe-
matical science, which may be considered as conferring upon 
the mind the same sort of enlarged power as the telescope has 
conferred upon the eye. 

   
  



METHODS OF INVESTIGATION. 	69 

2285. Subject of astronomy — origin of the name. — The 
investigation of the magnitudes, distances, motions, local arrange-
ments, and, so far as it can • be ascertained, the physical con-
dition of these great bodies composing the UNIVERSE, constitutes 
the subject of that branch of science called ASTRONOMY, a term 
derived from the Greek words acrrnp (aster), a star (under which 
all the heavenly bodies were included), and vopoc (nomos), A 
LAW - the science which expounds the LAWS which govern the 
motions of the STARS. 

2286. It treats of inaccessible objects. — It is evident, there-
fore, 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 INACCES- 
SIBLE. 	Even the earth itself, which the astronomer regards as 
a celestial object — an acrrnp, — is to him, in a certain sense, 
even more inaccessible than the others; for the very fact of his 
place of-observation being confined strictly to its surface, an 
insignificant part of which alone can be observed by him at any 
one moment, renders it impossible for him to examine, by direct 
observation, the earth AS A WHOLE — the only way in which he 
desires to consider it, — and obliges him to resort to a variety 
of indirect expedients to acquire that knowledge of its dimen-
sions, form, and motions which, with regard to other and more 
distant objects, results from direct and immediate observation. 

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

2288. Direction and bearing of visible objects. — The eye 
estimates only the direction or relative bearings of objects 
within the range ..of vision, but supplies no direct means of 
determining their distances from each other, or from the eye 
itself (1168, et seq.). 
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. The 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 inaccessible objects. — By comparing the rela- 
tive bearings of inaccessible objects, taken from two or more 
accessible points whose distance from each other is known, or 
can be ascertained by actual measurement, the distances of such 
inaccessible objects from the accessible objects, from the ob- 
server, and from each other, may be determined by computation. 
Such distances being once known, become the data by which 
the mutual distances of other inaccessible objects from the 
former, and from each other, may be in like manner computed ; 
so that, by starting in this manner from two objects whose mu- 
tual distance can be actually measured, we may proceed, by a 
chain of computations, to determine the relative distances and 
positions of all other objects, however inaccessible, that fall 
within the range of vision. 
. 2290. Angular magnitude— its importance. — It will be ap- 
parent, therefore, that ANGULAR MAGNITUDE plays a most pro- 
minent part in astronomical` investigations, and it's, before 
all, necessary that the student • should be renderee;familiar 
with it. 	 , 	- 1 

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 d, fig. 679. 

be divided into 360 equal parts, each of 
Ilk 

	

	

The circumference being supposed to 

which is called a DEGREE, a quadrant will Mr consist of 90 degrees. 
Angles are subdivided in the same man- 

ner as the arcs which measure them, and 
A' 	' 	accordingly a right angle, such as A C B, 

Fig. 679. 	being divided into 90 equal angles, each 
of these is a DEGREE. 

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

Angles less than a second are usually expressed in ,dc.ciMal 
parts of a second. 	 . 

Degrees, minutes, and seconds are usually expressed by the 
signs, 0, , "; thus, 25° 30' 40".9 means an angle or, 'ire 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 TIAIE as well as SPACE, it will be more convenient to 
reserve these letters for that purpose. 	Thus, 25' 30" 40'.9 
expresses an interval of time consisting of 25 hours, 30 minutes, 
40 seconds, and 9-10ths of a second. 

2292. Relative magnitudes of arcs of 1°,1', and1", and the 
radius.—It is proved in geometry that the length of the en-
tire circumference of a circle whose radius is expressed by 1.000 
exceeds-6.283 by less than the 5000th part of the radius. 	As 
the exact length of the circumference does not admit of any 
numerical expression, it will therefore be sufficient for all prac-
tical purposes to take 6.283 to express it. 

If d, m, and s express respectively the actual lengths or 
linear values of a degree, a minute, and a second of a circle the 
length ofswhose radius is expre'ssed by r, we shall therefore 
have the•following numerical relations between these several 
lengthS:- 

60 x s.m, 	60 x m=d, " 	3600 xs=d, 
360 d =-- 6-283 r, , 	360 x 60.x M=21600 x na= 6-283 x r, 
21600 x 60 x s= I 296000 x s=--- 6-283 r; 	, 

and from these may be deduced the following: 
r=57.3 x d= 3437.8 x mz= 206265 x s. 

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

In like manner, if the length of the radius r be given, the 
linear value of an arc of 1°, 1', or 1" may be computed by the 
formulas 

1 	 1 	 1 d= 	 x r, 	s — 
57.3 x r, 	m = 	 x— 	r. 

3 -137.8 	 206265 
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2293. The linear and, angular magnitude of an are.e—By 
the linear magnitud'e of an arc is to be understood its actual ' 
length if "extentl,ed iii a-Straiglit line; or thenumlier -expressing 
its length 1:4 sunitWOr :pOine knimt-.moduli,s of length, such as 
an inch, a Ad4,;(,-k..a:itifle, ' ly-4.4•anguligs magnitude is qo be 
understood thenngfefirme"il..-:1:tisti'•IjneS,•or radii drawn to its 
extremities ,frcmAhe.- ceuti,e:tif; i.lik-41‘40-•oi".'41iioii.  it forms a 
part, '.Or' the niiiabler-!:eipt•cssirtg th4-401.1niftide of this angle - 
iti • angular units otlititiwri.'..17aliie;'as 44r.ees, 	minutes, 	and 
seconds. 	•  

2294. Of the three folsrowing guantttie.s.-2-the linear value V-
an arc, its angular value, and' tlee lekgth .0' the radius,— any 
two being 'given,-  the third 3zzay....bes complied. —.1.et• a ex-• 
press the angular and a the. lidealr_ value-of the- arc; and r the 
radius. 
- '1°. Let a and 'ckbe given to compute 3-. 	By ;ii,,-itlinig..st" by a 
ave shall find thelinearvalue of 1°, 1', or .1";tiCcoiaing as a is 

-expressed in ,Ogrees,„rninute„§ or seconds,-  ankr tail thertjr 
computed1Sy?229.3). - "fklaus, aceordingiii-the .ang4ltil• units in 
Which a is expre'ssetT4erslnil haye ' 	- 	.. 	. - 

. ; ev..-  • 	w- • 	- 	 -a-,• 	• 	- 	n- 	- 	--el 	- 	-- 	 ,1 r--= ---4.X''.57,3&-.-'x' 343713= —x.2066165, • 
... 

. • 2°.- La...?. aid .2 be *y.en't<3.e6in►kiite'-'6".:4.13;-(#2cap the linear 
-iiilues:of .1.6, ...1; 'or '41'" tuair.1 eeetriplitedL•sinc4-- r i 4 given,, and  by 
di.viding.dby: one or:ofher ofstliese.valuesl.a"‘ill.te f4Su'rul: thus 

	

we §Juill-p,ave-: 	" 	- . 	.. 
6 ' 	̀  	II' 	.6i-  ".- 0 	,• 	a 	' 	• r ii.  . 

''' ' :. . ii'.. 7* 	s  ' ' • : • 	"-rt.4-1,i,>i, . -. 	., -3-.isz'pli-.1( r 
3•;. Leta And 'r tie7,g'iveify'10•cOinpute q:/..B3r)(2,i95-), 4.-liefore, 

the linear values of, l°, 11•61:.;rznitipbe-lein, a.iiby iiiiittiply- 
Ing one or other of-, these 12,7.  ti till iktifttezor 'ctip111 be:obRiined. 
Thus we, shall have.o', * -- 	• - - 	- '-- - -- 	:-` 	- 	•"' 

:r 'a= 	r *..ce'=-- 	-' 	' 	x.ce.,---- 	x r x _.x 	 >t,i. 	--2-7-•,-- 	a". 
• '57.34 .  ' .„ 3€37-e--,. 	. 	--206265 • • 	, 

2295.' The areMitii.cord,.a!rd'tfiC:-sifie m4iy bb considered as . egujil when the a)Of is.-synigl.-711* A. n.,..-fig. 680.,.he the angle, 
'fr, n tile.are; a;iii4.-k•-•= A. i.the radii's, a line A n-drawn from one 
extremity of tlitiyvc IldiPcndicular to the radius A n, through ..._ 	....  	, 	• 
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the other extremity, is called its sine; and the 

• straight line A B joining theektremities of the 
arc is -called its oord., 	- 	. : 	 `' 	• 	' 

.,It ivill'be evident-bi4nerelY drayving the 
''diag,?.ain,ivitli:ii.. zni!littilbrb dqcigasing .angle, 

' 	- thatOte. thrtelengths,:thp-SInt. X p, - the cord 
, . ii.-ti,...and 'the itt. ;VD, will approach to equality 
I" ats the blizt dithiuishe,seft,iihere the-arc is 

so large as 30°,-,.t difes• tint exceed the length 
. of the cord by more than three-tenths of a 
deg he ;-:•and therefOre,- for all angles less than 
this, the -cord .and arc may be considered as 

;equal iiher.ethe most extreme precision is not 
required,. • • 

' 
--- 	• •-•• 	' • 

• :1 	:-7.... 	.* the : 
In like ;limner, if the angle A C B be l 56_, 

sine-A A will be less than' the arc by .only 
„ 	:Tig:'666:-. 	two-tenths of 	degree, -that is, by the 75th 
. part of the entire 'llength of the:. arc. 	In .all cases, therefore; 

where greater precistoik.than this •Is itot rpqairedf  the sine A IS, 
ilie..cord,,and ttd;!,arc ratty .-be ciFisid•eled- (Or such angles- 	its 
interchangeith e.....-: 	: 	,.. 	 _ 	. .„. When .the..ku4wars §c filial' 8.5):;.  aigteeor Iwc': these. quan- 
tities fhairtor-all briiitiia.1,pitrpaeasbe:considekvit,to 1.,ce glual. , 

2296; gIihstertainYhc,ttstianie:s of airintideessilje ofijictfrom".  
two acaessige:seittiong...—Tiiis,Aich• is A:problem ofthe bigheit • 
implialance,':beitig; in•• fact thb taxis of all the-. 	rid:ilvleage we,, 
possess of the fdislanCesi:dilOonsfolis, and .;nitiotis ...of, the great 
bodies-  of the universe, ..  s.....: 

_ 
r.• . 

. 
admits of easy solution. . 	..-. 	, 

-; 'tees 4iid'S',:fif.".68'T.,:bd the tro sta. 
.',:tio?14, and 9 the zo.liic4.'fk'observation"; 

and let the itisuat angles subtended by o 
',. and *S' it .S,-;and by o‘and i at s', be ob- 
. 	'serveli,-and 4,11e..diitinice i..s: tnetoured:'' .  

	

.- • 	 -, 
-, 	' •-• 	:- 

' 
• . - 	- . 

' '',.:take,a 11714-4,TOrtsisting of as r,ntmy 
• incheA • as Am+ .er 	tnilefr in -  a-  Vla and 

draw. 'two liiie:s4 b,and s'o froa...$ and s', 
- ulakitig- With ss'. -tlie same angles as s o 
s.  and! s'o are 4certaineCI. by.  observation, 
• tt; make -with is W. ilythat'case the,,tri- . 	Fig. 681. 

angle sod will be in all respects situllakp thOriatigle Sosr.only 
drawn on a smaller scale, an inch in any ofits•siii4s eor'esponding 

III.  	E 
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to a mile in one of the sides of the great triangle s o s'. 	If the 
sides s o and s' o be therefore measured, they will consist of as 
many inches as there' are miles in the corresponding sides s o 
and s' o of the great triangles 	Now; since the small triangle is 
always accessible to direct- itea§uremett,' and as the relation of 
its scale to that of the '.gteat triangle is known, the magnitude 
.a the sides:of the great triangferpay be ascertained; . 
• Without being idea deal in its actual details 'with:tile process 

by which this.pr9blemt  is. iolved,Alie.'irotediug-reitsoniryg is the 
"sala4.101 isibciple. all& spirit.;.,:•.TrigonOiiietFical zijihles supply 
ilvich.. ;more ,curate--"laaatts_.3ir deterininincilie."gr4ttrtion of 
the.sitlea of :the trianzleAut.stteh-tatleitir-61f7thing tmere than 
the 'itrithinetieilf-rekesetttittiiiof6icV diagranus .A49%§81. 
. -29.7... 0a.;e::in, taic#Iike- V.4tiortii. 42/1  thk '46ject is.'0; 

.
at rf- 

ldtiveOlo- fh.ei clistxtice;.Asinie0 '049..*10iolii,.-IF:iii this case 
the, 	t.ati,cins.11.e....14' setected'. .i;t1i 'rgiepe.114- ti 4t11 .  object that • . 	. 	...• 	• 	, 	•  . the.,..dirpetiens-.  0.  the .objects:a#:;.seFst'•fen,m,' th'gm-.aliall.  form 
angles VitIOIreLlirie.,14i0ipg:lite,„statiOnS.*b:icli-iehall4.1.e'equal 
ot4tart.Y pi' this' latter':Ane.• toit-Se",' ebbsateiiatic :as: the, cord 
of tri4:Lerc.desdiilyed-tViilt:the-Ottieit,as!.4..."centr,; itri4,  the dis- . 	,,,,  
tenet ;It.;a:•radius ; 	antf,..i ...th,e:direction o:t,he,•objeCt from 
' i 	4., , : • . ;:eitliec•statipp be ee.right angles'. 	to .th-Sline joining 

the:g.attims;_ihts-•letter line 'maybe Fonsidered as 
' 	thersine • or Vie die:- , In either. ease, . the' distance 

• "of'tlie :obieckbearing. alligh iitiii"ti:ythe distance 
bet:?ren2the,statkpri ihe:4rigii,i.  'formedby the two 

• --, dire.ctitgis cif:Alie ?blect; asseen: NA the stations, 
IVill.1*.o.stnall; Aiat'lhe cerA'Or ihip.,ma 	be con- 

;:siticr0'11p- 64140,14it,14,a1:os onifiAliq Solution of 
:titelliobleni: Will- be.'sini.pliped .1Sil The principles 

(.. ' established in •(.2:,29) • 	•• 	•. 	' 	t . 	• 	• 	• 	4. • 	4 
$ ' Lets 'and A, fig.. 60., be fife kations,„an1 o the 

L. .:.;object;; under' the!cUnditrons suliposed the angle o 
ykill aecessarilfte•sniall. 	Its utagnitude may be .  

•
, 
, Wertained by ble:.iuritig the yisaal bugles o s s' 

t iind., Os' it-wjii,cynuly•be done,sipte'botkr stations s 
. 	And 5' die accessildec  and: each of.thenlk„is visible 
". from the nthe.',..By a well,known ,principle este- 

fns eleptatary.  s 	:,.g.11isbed 	 geOroetry,;the,tlume angles 
Fig. 68;.. . pf eveky.trlen-gleiidde!ttogetliec mike:NV. 	If, 

therefore, the sure of the; t4, Observed' tillgreii,rit s and s' be 
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subtracted from 180°, the remainder will be the angle o. 	Now 
if this angle be expressed by a in seconds, we shall have 
(2294) 	 . 	

. _ ..• 
. 

..C1se' x-.'72°6265"  -7 --L 	....... 	• 	 ' 	• 	 ": 	"" 
2298. Given. the' apparent distanei 4etween 3tufo' distant64- 

jects, such -df:stanee hitiib 	at12'idlit a410,* or nearly, .. o, '16: their 
visual .direction*, arid. Adj.' distance from tho.obsei-iier,.4 A find 
the acitiq,diitanseb.etne4,;:n'41,,-410-Oroblon, 4 ,,. ,9.,qy a.par-
ticularxappliCation

.
ig tlie'%geieral,prinOple:*24422)11e4;in {2294), 

ft being the appareat,•,4iitfince :'ef,:.tlie' olijectS,;". ct....iile '..rpab.clis-
tance' between• th'ent).  'And i; ill ....ir- Ilistnee fr.ntn'Oii:0)):t.eFkivi : 

Tiale .123ethak:May bfi aPtilid,':viitlioni'iiiiiitic,221 Akrcttiir jaie 
apparentr.ilistan46'.' Net*pel!,,the::Qbjectai.be'n.912"gteai# Oita two. , 
or three kegieVA:1-2iiiit It**41,13e• used is :A foligli 4pprt*Itiation 
in caseg+1'4000.1*;22p‘paref:diO•aite.e'ls,:401,-so:.gr:!at A 300. 
Whqn-0441?11&I'grlit'ai4ta4ir''iini:0101,s,,'Io'Sliausll lii.:60°, the 
actuaFtliitageo.:021i.tkeit'in. iiiii.viay Wilt iiot•;k:Fcced:the..tre 
dist:222'604121a* tlian•A•24ilf*I:r•of-Itsli'irlit2.1p•nmiitint "for the 
cordspf;430°- is.eiplatto:Ali4 ieadid1;144.t1ie).efOrp; te..an.:06 df 457°.73, 
being le‘t§,:tiranth 4r ell#Orilig°.7, p? *130a..a '24tltiotk1:1' e  its 
length; 	'  	.., , 

2299. GiveYi„:& 4p parent;iiirtineivr* it tilt'..,.is'at otjeet and 
its distancettreia Corp::(104:324711),ifitdits-real Otpnefer.4V1nis is 
also a plitteitlar • ap.p124atioti: 4 '-:tliti;  ‘i6neiall2yoblent {2,294)% a 
being the.aPparentdiainoter lind ilk, illiikiiik it4.42:olf,,pases 
which occur lie(tiifonomt,tbe,•iii:ipize:pi7rdiair,eitiiii are. spipall 
that ale 'results' ..pf -the conwpakition: *Ay fur .aciiiii4oi:ea 140' ker-
fectly egao. • .. t,  

2306.'3ft/204i *gfalctrt<ifninittae,:ttiricii40:41.:*4/e and 
distantebjectt. -r. It niightitliOtai: an, easy iilittte*Ctbseive-tii64  • 
exact.dirtiOnOisrliny misfit planed 3iithin .thlftan,geof iision, 
since that:. direciion. must 	that of tr gtraiglirlinb•Itni;sing-  di-
rectly fiontilie eye of ilia Eibieryei to ihtl, lioiiitfo,beobterved._ 
If the eye' .w.6re -supt`21iel.'ylitt the pppondigk.apcessary to 
record and fnt afire the slifeetton 	of*litble.objiiiliv-this,  would 
be true, lina:tlieoivir  of'slilit *ou14. he ii l'adt.-iihilosolAical 
instrumenti' Tie eye iEt; notveyer,-Aipoci to other and. different 
uses, Arid tonstrO6d ,to pw. ,11....4iffenni riartsin - f,ke animal 
economy.: and 'airveittioni leas-been stinvilated tb. inppry expe-
dients, bc rapens.of which -the exact; direr tides of visible distant 
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points can be ascertained, observed, and compared one with 
another, so as to supply the various data necessary in the classes 
of problems which have just been noticed, and others which we 
shall have occasion hereafter to advert to. 

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

This contrivance is, h.SweVer., too rude. and susceptible of 
error within too wide .limits, to be available for astronomical 
purposes. 

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

If T T', fig. 683., represent the tube of a teles

\ 	

T the ex- . 
6

cope, 
T ' 	. 	 . 

• S;§ 	 . 
. 	 i 

. 	 . 
, 	Fig. 683.  

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

But since the field or,:ilew of the telescope is a circular space 
of definite extent, within, .1diieh many objects in different di-
rections may at the:.•same time be visible, some expedient is 
necessary by which-one or-more fixed points in it may be per-
manently` marked,' or ..by which the.entEre field may be spaced 
out as a map is by the. lines of latitudoltnd 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 
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like fine lines drawn across the field of view. 	They are diffe- 
rently arranged, according to the sort of observation to which 
the instrument is to be applied. 

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

• 

The line s' c, fig. 683., is techiiielly•ehlled the line of col- 
limation. 	 - 

2304. Application of the telescbA to a-graduated instrument. 
— The telescope thus prepared is attached to a graduated 
instrument by which angular 'magnitudes can be observed and 
measured. 	Such instruments vary infinitely in form, mag- 
nitude, and mode of mounting and adjustment, according to 
the purposes to which thq are applied, And to the degree of 
precision necessary in the observations to tie made with them. 
To explain and illustrate the general principles on which they 
are constructed we shall' take the example of one, which 
consists of a complete circle gradnited in the usual manner, 
being the most coininon form of bi:itrumeneused' in astronomy 
for the measurement-ofiiigular distances. 

Such an apparatus is represented. in fig. 684. 	The circle 
112 4 t .. 
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A BC D, on which the divisions of the graduation are accurately 
engraved, is connected with its centre liy a series of spokes 
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x 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 ABCD. 	To this axle the 
telescope a b is attached in such a manner that the imaginary 
line s' c, .4683., which joins the intersection of the wires, 
fig. 679., with the centre of the object-glass, shall be parallel to 
the plane of the circle, and in a plane passing through its centre 
and at right angles to it. 

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

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

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

As a means of further accuracy, both the indices m and 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 be taken. 

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

Such a combination is represented in section in fig. 685.. 
T 
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Fig. 685. 
where T is 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 F is directed to the gra- 
duated limb which moves before it. 

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

2305. _Expedients for measuring the fraction of a division. — 
It will happen in general that the index will be directed, not 

'to any exact division, but to some point intermediate between 
two divisions of the limb. In that case expedients are provided 
by which the fraction of a degree between the index, and the 
last division which it has passed, may be ascertained with an 
extraordinary degree of precision. 

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

2307. By a compound microscope, and 
micrometric screw. —The same object may, 
however, 	be 	attained 	with 	far 	greater 

0 	accuracy by means of a compound micro. 
, scope mounted as represented in fig. 686., so 

that the observer looks at the index through 
.:. it. 	A system of cross wires is placed in the 

..-- , field of view of the microscope, and the whole 
may be so adjusted by the action of a fine 

Fig. 686. 	screw, that the index shall coincide precisely 
z 4 
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with the intersection of the wires. 	The screw is then turned 
until the intersection of the cross is brought to coincide with 
the previous division of the limb; and the number of turns and 
fraction of a turn of the screw will give the fraction of a degree 
between the index and the previous division of the limb. 

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

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

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

or., wrormovzo• _7 , 
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Fig. 687. 
RALLEL WIRE MICROMETER, consists of two sliding frames, across 
which the parallel wires or threads c and D are stretched. 
These framed are both moved in a direction perpendicular to 
that of the wires by screws, constructed with very fine threads, 
and called from their use MICROMETER SCREWS. 	This frame is 
placed in the focus of the object-glass of the telescope, so that 
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the eye viewing the objects under observation sees also dis- 
tinctly the parallel and moveable wires. 	These wires are 
moved by the screws until they pass through the points whose 
distance asunder is to be measured. 	This being accomplished, 
one of them is moved until it coincides with the other, and the 
number of turns and parts of a turn of the screw necessary to 
produce this motion gives the angular distance between the 
points under observation. 

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

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

CHAP. II. 

THE GENERAL ROTUNDITY AND DIMENSIONS OF THE EARTH. 

2311. 	The earth a station from which the universe is ob- 
served. — The earth is, in various points of view, an interest- 
ing object of scientific investigation. 	The naturalist regards it 
as the habitation of the numerous tribes of organized beings 
which are the special subject of his observation and inquiry, 
and examines curiously those properties and qualities of soil, 
climate, and atmosphere, by which it is fitted for their main- 
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tenance and propagation, and the conditions which govern their 
distribution over its surface. 	The geologist and mineralogist 
regard it as the theatre of vast physical operations continued 
through periods of time extending infinitely beyond the records 
of human history, the results of which are seen in the state of 
its crust. The astronomer, rising above these details, regards it 
as a whole, examines its form, investigates its motions, mea-
sures its magnitude, and, above all, considers it as the station 
from which alone he can take a survey of that universe which 
forms the peculiar object of his study, and as the only mo-
dulus or standard by which the magnitudes of all the other 
bodies in the universe, and the distances which separate them 
from the earth and from each other, can be measured. 

2312. 	Necessary to ascertain 	its form, dimensions, and 
motions. — But since the apparent magnitudes, motions, and 

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

2313. Form globular. — The first impression produced by 
the aspect presented by the surface of the earth is that of a vast 
indefinite plane surface, broken only by the accidents of the 
ground on land, such as hills and mountains, and by the more 
mutable forms cue to the agitation of the fluid mass on the sea. 
Even this departure from the appearance of an extensive plane 
surface ceases on the sea out of sight of land in a perfect calm, 
and on certain planes of vast extent on land, such as some of the 
prairies of the American continents. 

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

Supposing that any extensive tart of the surface of the earth 
were really a plane, let several stakes or posts, of equal height, 
be erected along the same straight line, and at equal distances, 
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say a mile apart. Let these stakes be represented by ss, Ws', s" s", 
&c., fig. 

Q 
688., and let a stake of equal height o o be erected at 

.
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Fig. 688. 

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

o 	s  
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Fig. 689. 

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

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

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

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

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

2314. This conclusion corroborated by circunznavigation. — 
If a vessel sail, as far as it is practicable to do so, constantly in 
the same direction, it will at length return to the,port of its de-
parture, having circumnavigated the earth, and during its course 
it appears to pass over an uniform surface. 	This is obviously 
what must take place so far as regards that part of the earth 
which is covered with water, supposing it to be a globe. 

2315. Corroborated by lunar eclipses. —Bq the most strik-
ing and conclusive corroboration of the inference just made, and 
indeed a phenomenon which alone would demonstrate the form 
of the earth, ci that w4ich is exhibited in lunar eclipses. 	These 
appearances; Ivhich are so frequently witnessed, are caused by 
the earth coining lletween• the sun and the moon, so as to cast 
its shadow;:ipop.‘tire 'later. 	N6w the form• of that shadow is 
always precisely that which one Acibe would project upon an- 
other. 	The phenomenon thuls at 'once establishes not only the 
globular form of the earth, but that of the moon also. 

2316. Various effectk-incli'c'athig the earth's rotundity. —The 
rotundity of the earth b.eil44 once admitted, a multitude of its 
consequences and effectVpresent themselves, which supply cor-
roborative evidence of that important proposition. 

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

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

Fig. 600. 
If the observer take a more elevated position, the same suc-

cession of phenomena will be presented, only greater distances 
will be necessary to produce the same degree of apparent sink-
ing of the vessel. 

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

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

The sun shines on the summits of the Alps Ling after sunset 
in the valleys! 	 ,. 

An aeronaut ascending after sunset ha4 witnessed the sun to 
reappear with all the effects of sunrise. Dageseetiding, he wit- 
nessed a second sunset. 	.. 

2317. Dimensions of Vie eardit —kethod of .measuring a 
degree. — Having thus ascertained that the forin of the earth 
is a globe, it now remains to disco ter. its magnitude, or, what is 
the same, its diameter. 	.. • 	. 	- 

 

For this purpose it will be n6cessaiy 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 thei*to the centre shall make with each other an 
angle of one degr4 
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Let p and p', fig. 691., represent two places *upon the earth's 
surface, distant from each other from 60 to 100 miles, and let 

s s' 	c be the centre of the earth. 	Now, let us sup- 
pose that two observers at the places p and p' 
observe two stars s and s', 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 s' at p' is sp's', and at e is scs'. But, 
owing to the insignificant proportion which the 
distances pp; and pc bear to the distances of the 

1 	i 	
stars (as will 	be made evident hereafter), the 
visual angle of the stars, whether seen from p or 

0; 	c, will be the same. 	If, then, this visual angle 
1 1 	at p' be measured, as it may be with the greatest i 

precision, we may consider it as the magnitude 
of the angle pep'. 

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

' 	1°, we shall then have — 

J 
	

: 3600 :: D:d=D X —360°, 
It 	

a 	 a 
• since the number of seconds in a degree is 3600 

Fig. 691. 	(2292). 
2318. Length of a degree. — In this way it has been ascer- 

tained that the length of a degree of the earth'i surface is a 
little less than 70 British statute mile& and may be expressed 
in feet (in round numbers) 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 ft 
second is an hundred feet very nearly, a measure also easily 
remembered. 
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2320. Change of direction of the plumb-line in passing over 
a given distance. — From what has just been explained it will 
be understood that since a plumb-line always points to the 
centre of the earth (when its direction is undisturbed by any 
local attraction), its change of direction, in passing from any 
one place to any other, may be always found by allowing 1" for 
every hundred feet in the direct line joining the places, or still 
more exactly by allowing 365,000 feet for every degree, and a 
proportional part of this length for every fraction of a degree 
between the places. 

2321. To find the earth's diameter. — Nothing can be more 
easy, after what has been stated, than the solution of the 
problem to determine the earth's diameter. 	By what has been 
explained (2294), if r express the radius or semidiameter of 
the earth cp, a the arc pp' of the earth's surface between the 
two places, and a the angle pcp, we shalt have 

206265 	
— 

r = a x .” 	• 

If the distance a be one degree, this will become — 
365000 r — 	x 206265 = 20,912979, ------ 3600 

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

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

2322. Superficial inequalities of the earth relatively insigni-
ficant. — It is by comparison alone that we can acquire any 
clear or definite notions of distances and magnitudes which do 
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not come under the immediate cognizance of the senses. 	If 
we desire to acquire a notion of a vast distance over which 
we cannot pass, we compare it with one with which we 
have immediate and actual acquaintance, such as a foot, a 
yard, or a mile. 	And since the area or, superficial extent of 
surfaces and the volume or bulk of solids are •respectively 
determined by the length of their linear dimensions, the same 
expedient suffices to acquire notions of them. 	In Astronomy, 
having to deal with magnitudes exceeding in enormous pro-
portions those of all objects, even the most stupendous, which 
are so approachable as to afford means of direct sensible ob-
servation, we are incessantly obliged to have recourse to such 
comparisons in order to give some degree of clearness to our 
ideas, since without them 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 paragfhphs. 

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

It may be 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 con- 
siderable mountainous districts are limited to less than half that 
height. 	No considerable tract of land has a general elevation 
even of one mile. 	The deepest parts of the sea have not been 
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sounded; but it is certain that their depth does not exceed the 
heights of the most lofty mountains, and the general depth is 
incomparably less. 	The superficial inequalities of the aqueous 
surface produced by waves and titles are comparatively insig-
nificant. 

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

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

It will therefore be apparent, that the departute• of ,szch`te 
model from the true form of a globe would be in'h11, save a 
strictly geometrical sense, absolutely insignificant. 

2323. Relative dimensions of the atmosphere. — The surface 
of the earth is covered by an ocean of air which floats upon it, 
as the waters of the seas rest upon their solid bed. 	The density 
of this fluid is greatest in the stratum which is in immediate 
contact with the surface of the land and water of the earth, and 
it diminishes in a very rapid ratio in ascending, so that one 
half of the entire atmosphere is included in the strata whose 
height is within 31 miles of the surface. 	At an altitude of 
80 miles, or the hundredth part of the earth's diameter, the rare-
faction must be so extreme, that neither animal life nor com-
bustion could be maintained. 

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

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

Nothing is more repugnant to the first impressions received 
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from the aspect of the surface of the earth, and all upon it, than 
the idea that it is in motion. 	But if this universal impression 
be traced to its origin, and rightly interpreted, it will not be 
found erroneous, and will form no exception to the general 
maxim which induces all persons, not even excepting philoso-
phers, to regard without disrespect notions which have obtained 
universal popular acceptation. 

What is the stability and repose ascribed by the popular 
judgment to the earth? 	Repose certainly absolute, so far as 
regards all objects of vulgar or popular contemplation. 	It is 
maintained, and maintained truly, that everything upon the 
earth, so farm the agepcy of external causes is concerned, is at 
relative rest. 	Ilil%%mountains, and valleys, oceans, seas, and 
rivers, as well a& 	ll artificial structures, are in relative repose ; 
and if onr observation did not extend to objects exterior to the 
globe,..thn popular maxim would be indisputable. 	But the 
astronom4r.lbOitteAtplates objects which either escape the atten-
tion of, btf 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 has a tendency to 
retain the motion which it had previous to the change, and is 
accordingly affected with a certain force, as if it were pushed or 
drawn from rest in one direction or the other. 	But once in a 
state of uniform motion, the sense of feeling is only affected by 
the agitatioh proceeding from the inequalities of the road. 	If 
these inequalities are totally removed, as they are in a boat 
drawn at a uniform rate on a canal, the sense of feeling no 
longer affords any evidence whatever of the motion. 

A remarkable example of the absence of all consciousness of 
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motion, so far as mere feeling is concerned, is presented to all 
who have ascended in a balloon. 	As the aerial vehicle floats 
with the stratum of the air in which it is suspended, the feeling 
of the aeronaut is that of the most absolute repose. The balloon 
seems as fixed and immoveable as the solid globe itself, and 
nothing could produce in the voyager, blindfolded, any conscious- 
ness whatever of motion. 	When however his eyes, unban- 
daged, are turned downwards, he sees the vast diorama below 
moving under him. 	Fields and woods, villages and towns pass 
in succession, and the phenomena are such as to impress on the 
eye, and through the eye upon the mind, the conviction that the 
balloon is stationary, and the earth moving tinder iti 	A certain 
effort of the understanding, slight, it is trnk but 'kill an effort, 
is required to arrive at the inference that.thiimpression 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 afacts the balloon in which the spetgittoi4a Suspended, 
and that this motion is equal in speed, and contrary in dipection, 
to that which appears to affect the subjacent country. 

Now it will be evident, that if the globe of the earth, and all 
upon it, were floating in space, and moving in any direction at 
any uniform rate, no consciousness of such motion could affect 
any sensitive being upon it. 	All objects partaking in common 
in such motion, no more derangement among them would ensue 
than among the persons and objects transported in the car of 
the balloon, where the aeronaut, no matter what be the speed 
of the motion, can fill a glass to the brim as easily as if he were 
upon the solid ground.. 	Supposing, then, that the earth were 
affected by any motion in which all objects upon it, including 
the waters of the ocean, the atmosphere, and clouds, would all 
participate, would the existence of such a motion be perceived 
by a spectator placed upon the earth who would himself partake 
of it? 	It is clear that he must remain for ever unconscious of 
it, unless he could find within the range of his vision some ob-
jects 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 

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

But how, it may be asked, is the apparent motion produced 
in distant objects by a real motion of the station in which the 
observer is placed, to be distinguished' from the real motion of 
the distant objects themselves, which would give them the same 
apparent motion ? 	Since the phenomena are absolutely iden-
tified, whether the apparent motion observed is produced by a 
real motion in the observer, or a real motion in the object ob-
served, it is necessary to seek for evidence; either that the 
object observed cannot have the real motion which would pro-
duce the phenomena, or that the station of the observer has it. 
But before engaging in this question, it is necessary first, to 
obtain a clear and definite knowledge of what the apparent mo-
tion in question is; 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 ob-
ject depends on the direction of the visual line drawn from the 
observer to such object, and since while the object remains sta-
tionary the direction of this visual line fs changed with every 
change of position of the observer, such change of position pro-
duces necessarily a displacement in the apparent position of the 
object. 

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

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

Small as it is, however, so far as relates to the nearer bodies 
of the universe, it is capable of definite measurement, and its 
amount for each of them supplies one of the data by which their 
distances are calculated. 
. 	2326. Apparent and true place of an object. — Diurnal 
parallax. — When an object is within such a limit of distance 
as would cause a sensible displacement to .be produced when it 
is viewed from different parts of the earth's surface, it is conve- 
nient, in registering its apparent position at any given time, to 
adopt some fixed station from which it is supposed to be ob- 
served. 	The station selected by astronomers for this purpose 
is the centre of the earth. 	The direction in which an object 
would be seen if viewed from the centre of the earth is called 
its TRUE PLACE. 	The direction in which it is seen from any 
place of observation on the surface is called its APPARENT 
PLACE, and the apparent displacement which would be produced 
by the transfer of the observer from the centre to the surface or 
vice versa, or, what is the same, the difference between the true 
and apparent places, is called the DIURNAL PARALLAX. 

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

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

But if the object be at o', then the apparent direction is P o', 
while the true direction is c o', and the apparent place of the 
object will be a', while its true place will be t' ; and the diurnal 
parallax corresponding to the zenith distance o r o' will be e a', 
or the angle t' o' a', which is equal to POI  C. 

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

2327. Horizontal parallax. — When the object is in the ho-
rizon, as at o", the diurnal parallax becomes greatest, and is 
called the HORIZONTAL PARALLAX. 	It is the angle Po" c which 
the semidiameter of the earth subtends at the object. 

If z express the zenith distance, or the angle PC01, a line C n 
drawn from c at right angles to P o' n will be expressed by z x 
r x sin. z, r being the semidiameter tr of the earth. 	If n ex- 
press the distance of the object o', and re the parallactic angle 
Po' c, which is always very small, we shall have, by the principle 
explained in (2294): 

To" = 206265" x sin. z x —r  , 
D 

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

and therefore 
w" = 206265" x r  . 13 

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

206265 
D — 	wn 	x r. 
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CHAP. III. 

APPARENT FORM AND MOTION OF THE FIRMAMENT. 

2329. Aspect of the firmament.—If we examine the heavens 
with attention on clear starlight nights, we shall soon be struck 
with the fact, that the brilliant objects scattered over them in 
such incalculable 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 limp be made, showing the relative arrangement of these 
bodies on any night, the same map will represent them with 
equal exactness and fidelity on any other night. 	There are a 
few, — some thirty or forty or so, —among many thousands, 
which are exceptions to this, with which, however, for the pre-
sent we need not concern ourselves. 

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

2331. Horizon and zenith. —This plane, extended indefi-
nitely around the observer, meets the celestial hemisphere in a 
circle which is called the HoRizoN, from the Greek word Op,C Eiv 
(orizein), 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 suspended at rest would be directed—is called the ZENITH. 

2332. Apparent rotation of the firmament. —A few hours' 
attentive contemplation of the firmament at night will enable 
any common observer to perceive, that although the stars are, 
relatively to each other, fixed, the hemisphere, as a w4ple, is in 
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motion. 	Looking at the zenith, constellation after constellation 
will appear to pass across it, having risen in an oblique direction 
from the horizon at one side, and, after passing the zenith, de-
scending on the other side to the horizon, in a direction similarly 
oblique. 	Still more careful and longer continued observation, 
and a comparison, so far as can be made by the eye, of the dif-
ferent directions successively assumed by the same object, creates 
a suspicion, which every additional observation strengthens, 
that the celestial vault has a motion of slow and uniform rota-
tion round a certain diameter as an axis, carrying with it all the 
objects visible upon it, without in the least deranging• their re-
lative positions or disturbing their arrangement. 

Such an impression, if well founded, would involve, as a ne-
cessary consequence, that a certain point in the heavens placed 
at the extremity of the axis of its rotation, would be flied, 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 accordingl' found, which is always seen in the 
Fame direction,—;so far at least as the eye, unaided by more 
accurate means of observation, can determine. 

The place of this star is called the POLE, and the star is called 
the POLE STAR. 

. 2334sWutation proved by instrumental 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 such rotation take place. 	To verify 
this conjecture, to delermine with certainty whether the motion 
of t.11?:sphere be one of rotation, and if so, to ascertain with 
precision „the tflirection of the axis round which this rotation 
takes-gip pe'a Ili velocity, and, in fine, whether it be uniform or 
veriabfe,:— are problems of the highest importance, but which 
die altogether beyond the powers of mere visual observation, 
unaided:J.15y instruments of precision. 

23 	exact direction of the axis and position of the pole. — 
Suppose:14.teleolope of low magnifying power, supplied with 
mkt:emelt-le lilies (2302), to be slirected to the pole star, so 
that ilk+ star Amy be seen exacft 	upon the intersection of the 
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middle wires. 	If this star were precisely at the extremity of 
the axis of the hemisphere, or at the pole, it would remain per-
manently at the intersection of the wires, notwithstanding the 
rotation of the firmament. 	Such is not, however, found to be 
the case. 	The star will appear to move; but, if the magnifying 
power of the telescope be low enough, it will not leave the field 
of view. 	It will appear to move in a small circle, the diameter 
of which is about three degrees. 	The telescope may be so ad- 
justed that the star will move in a circle round the intersection 
of the middle wires as a centre ; and in that case the point 
marked by the intersection of the middle wires is the true posi-
tion of the POLE, round which the pole star is carried in a 
circle, at the distance of about U°, by the rotation of the 
sphere. 

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

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

Thus, let A A', fig. 693., represent the direction of the axis on 
which the instrument is made to revolve. 	The line .ri k, if con- 
tinued to the firmament, would pass through the pole p. Let c 0 
represent the line of collimation of a telescope, so attached to the 
axis at c that it may be placed at any desired angle with it ; 
which may be accomplished by•placing a joint at c onwhcch the 
telescope can turn. 	Let NON' be- a graduated arc,.to which the 
telescope is. attached at o, and which turns with die telescope 
round the axis AA'. 	When the telescope, being fixed.. at. any 
proposed angle ock with the axis, is turned round Ail, the Jine 
of collimation-describes a cone of which c is the vcrter and C le 
the axis, and the extremity o describes an arc oo' ots.a circle 
at a distance from x' measured by the angle o4gA'. .. 

If the line of collimation c o or c o' be imaginerto be con-
tinued to the heavens, it will describe, as the tele P.: ,-. s....nP. riwolves, a 
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circle o o' on the firmament corresponding to the circle o di  
and at the same angular distance op, o' p from the celestial poV 
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Fig. 693. 

p, as the end o or o' of the line of collimation of the telescope 
is from N' or Al. 	In short, the angle o c N' equally measures 
the two arcs, the celestial arc op and the instrumental arc o x'. 

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

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

One of the many mechanical arrangements by which this 
may be effected is represented in fig. 694., ns given by the 
Astronomer Royal, in his lectures delivered at the Ipswich 
Museum. 	• The instrument is supported upon pivots, so that its axis A' n' 
shall coincide exactly with the direction of the celestial axis. 
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The telescope o D turns upon a joint at the centre, so that 
different directions, such as o'D', C" D", may be given to it. 

1 .; 'rill" i Iii 
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Fig. 694. 694. 
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 fir- 
mament 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. 693., for example, so that it shall be 
seen upon the intersection of the middle wires. 	The line of 
collimation will then be directed to the star, and the angle 0 C N' 
or the arc o x' will express the apparent distance of such star 
from the pole p. 

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

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

The same observations being made with a like result upon 
r 2 
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every star to which the telescope is directed, %t follows that the 
motion of the firmament is such that all' objects_ tipOn it describe 
circles at right angles to its axis, ettat objeeCaiwilys remaining 
at the same distance from the pole. 

This is precisely the effect which wotikl..:1j475.3ollbcetl by the 
rotation of the heavens round an axis directed to4lie bole from 
the place of the observer. 

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

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

2311. 56m. 4.099. 
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 tele-
scope is directed. 

To prove that not only every complete revolution is per-
formed in the same time, but that the rotation during the same 
revolution is uniform, let the instrument, after being directed 
to any star, be turned in the direction of the motion of the 
sphere through any proposed angle, 90° for example. 	It will 
be found that the interval which will elapse between the 
passage of the star over the wires in the two positions will, in 
this case, be the fourth part of 23h. 56ra' 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 
2311. 5601. 4.098., as the angle bears to 360°. 

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

It will be observed that the time of one complete revolution 
is 3m.  55.918• less than twenty-four hours, or a common day. 
The cause of this difference will be explained hereafter, 
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2338. Sidereal tine.:—The time of-one complete revolution 

of the falnallie.n:t:-is .ealled a SIDEREAL DAY. 	This interval is 
divided,:lilis44j0$1g moit,day, into 2,1 hours, each hour into 60 
minutes,. an4i.gact. iiiinute into .60 seconds. 

Since In"..24;•*g 	ear: hours the sphere turns through 360°, 
and siiiov its znotgai is rigorously uniform, it turns through 15° 
an a siderfial'Jtour, and through 1° in four sidereal minutes. 

2339. ̀ The same apparent motion observed by day. —It may 
be objected that although this description of the movement of 
the heavens 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 suf- 
ficient power properly directed, all the brighter stars can be 
distinctly seen when not situated very near the position of the 
sun. 	Now, in all these cases, the objects thus seen appear to 
be carried round by the same motion of the firmament, which 
is so much more conspicuously manifested in the absence of the 
sun and at night. 

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

2341. Vertical circles, zenith, and nadir. —If from the place 
of the observer a straight line be imagined to be drawn perpen-
dicular to the plane of the horizon, and to be continued indefi- 
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nitely both upwards and downwards, it will meet the visible 
hemisphere at its vertex, the ZENITH, and the invisible hemi-
sphere, which is under the plane of the horizon, at h corre- 
sponding point called the NADIR. 	 • 

If a plane be supposed to pass through the place of the 
observer and the zenith, it will meet the 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 
upwards to the zenith, it will assume successively every direc-
tion round the observer, and will meet the heavens in every 
possible vertical circle. 

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

2342. The celestial meridian and prime vertical. —• That 
vertical which passes though the celestial pole is called the 
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 refer- 
ence. 

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

The cardinal points correspond with those marked on the 
card of a mariner's compass, allowance being made for the 
variation of the needle. 
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2344. The azimuth. — The direction of an object, whether 
terrestrial or celestial, in reference to the cardinal-points, or to 
the plane of the meridian, is called its AZIMUTH. 	Thus it is 
said to have so many degrees of azimuth east or west, according 
as the vertical circle, whose plane passes through it, forms that 
angle east or west of the plane of the meridian. 
- 234.5. Zenith distance and altitude. — It is always possible 
to conceive a vertical circle which shall pass through any pro- 
posed object on the heavens. 	The arc of such a circle between 
the zenith and the object is called its ZENITH DISTANCE. 

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

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

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

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

This circle is called the CELESTIAL EQUATOR. 
The several fixed points and circles described above will be 

more clearly conceived by the aid of the diagram, fig. 695., z 
ill 
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where o is the place of the observer, z the zenith, r the pole, 
SZPN the visible, and spzN the invisible half of the meri-
dian; SENW is the horizon seen by projection as an oval, 
being, however, really a circle ; x and s 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 ./EQ, and the prime vertical at ZWEZ, both being 
looked at edgewise. 

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

2347. Apparent motion of the celestial sphere.-LNow, if the 
entire sphere be imagined to revolve on the line rop through 
the poles as a fixed axis, making one complete revolution, and 
in such a direction that it will pass over an observer at 0, look-
ing towards 1st from his right to his left, carrying with it all the 
objects on the firmament, without disturbing their relative 
position and arrangement, we shall form an exact notion of the 
apparent motion of the heavens. 	All objects rise upon the 
eastern half, SEX, of the horizon, and set upon the western 
half, s wx. 	The objects which are nearer to the visible pole 
r than the circle nN never set; and those which are nearer to 
the invisible pole r than the circle ss never rise. 	Those which 
are between the equator zzq and the circle rex are longer 
above the horizon than below it; and those which are between 
the equator ./EQ and the circle ss are longer below the equator 
than above it. 	Objects, in fine, which are upon the equator are 

, equal times below and above the horizon. 
When an object rises, it gradually increases its altitude until 

it reaches the meridian. 	It then begins to descend, and con- 
tinues to descend until it sets. 
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CHAP. IV. • 

DIURNAL ROTATION Or THE EARTH. 

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

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

It is true that, owing to the imperfect knowledge itchich pre-
vailed 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. Never-
theless, in any view of it, and even with the most imperfect 
knowledge, the hypothesis which required tile. Omission that 

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

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

2350. Simplicity and intrinsic probability of the rotation of 
the earth. —But if any ground for hesitation in the rejection of 
this hypothesis existed, all doubt would be removed by the sim-
plicity and intrinsic probability of the only other physical cause 
which can produce the phenomena. 	The rotation of the globe 
of the earth upon an axis passing through its poles, with an 
uniform motion from`west to east once in twenty-four hours, is 
a supposition against which not a single reason can be adduced 
based on improbability. ' Such a motion explains perfectly the 
apparent diurnal rotation of the celestial sphere. 	Being uni- 
form and free from irregularities, checks, or jolts, it would not 
be perceivable by any local derangement of bo'dies on the sur- 
face of the earth, all of which would partipate in it. 	Observers 
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, 

l or transported above the clouds in the car of a balloon. 
2351. Direct proofs of the earth's rotation. — Irresistible, 

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

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

2353. .211. Leon Foucault's mode of demonstration.—An in-
genious expedient, by which the diurnal rotation of the earth is 
rendered visible, has been conceived and reduced to experiment 
by M. Leon Foucault. 	This contrivance is based upon the 
principle, that the direction of the plane of vibration of a pen-
dulum is not affected by any motion of translation which may 
be given to its•point of suspension. 	Thus, if a pendulum sus- 
pended in a room and put into vibration in a plane parallel to 
one of the walls be carried round a circular table, the plane 
of its vibration will continually be parallel to the same wall, 
and will therefore vary constantly in the angle it forms with 
the radius of the table which is directed to it. 

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

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

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

F 6 
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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, re- 
ceiving 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 rota-
tion of the earth is supplied by a peculiar departure from the 
strictly globular form. 

2356. how this rotation of the earth explains the diurnal phe-
nomena.—We are then to conclude that the earth, being a globe, 
has a motion of unifbrm 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 vest 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 progressive motion of a boat on a 
river gives to the banks an appearance of retrogressive motion ; 
and since the apparent motion of the heavens is .from east to 
west, the real rotation of the earth which produces that appear- 
ance must be from west to east. 	A 

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

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

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

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

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

That hemisphere which includes the continent of Europe is 
called the NORTIIERN HEMISPHERE, and the pole which it in-
cludes 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 MERI- 
DIANS, and will be seen delineated on any ordinary terrestrial 
globe. 

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

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

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

Let us suppose, in the first place, the observer to be at o, a 
point on its surface between the equator ./E and the north pole 
N, the _latitude of which will therefore be ore, and will be 
measurfk by the angle ocx. 	If a line be imagined to be 
drawn frail the centre c through the place o of the observer, 
and continued upwards to the firmament, it will arrive it the 
point z, which is the zenith of the observer. 	If the terrestrial 
axis sN be imagined to be continued to the firmament, it will 
arrive at the north celestial pole n and the.9ouili celestial pole 
s. 	If the plane of the terrestrial equator 44b0.-ivpposed to be 
continued to the heavens, it will intersect Mit Arid& of the 
celestial sphere at the celestial equator re q.`. 

The observer placed at o will see the entire hemisphere h z h' 
of which his zenith z is the summit; and the other hemisphere 
h shi 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 
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zenith and the north celestial pole consists of the same number 
of degrees as the arc ON of the terrestrial meridian between his 

s ' 	 ' - 
• ` ,  ! 	, 	, 	. 

,•.• 
t"•, 	 , N 

N 	' . 	, 

‘ u. 
,.. 	, , 	, 	 1 	• 	, 

1 	,  /,  

- 	
--- -- 	. 	-----. 

. 	 Q 
.. 

V'

i-i's  
''

, 	
' 	 . 	. ,,, > 	' 	

... 
YI 	 .,. 	, 	 , 

N". 	 •
, 

"4,''• 	 .. 	, 	
, 
\ ' . 	• 	. , 	„

f. 

•„ 	.. ...- 

, 

. \ 
-- 	' k, 

Fig. 696. 

place of observation o and the north terrestrial pole n. 	The 
zenith distance therefore of the visible pole at any place is 
always equytio;ilte'nctual distance expressed in degrees of that 
place fi'dni 04 terrestrial 	pole, and as this distance is the 
COMPLEMENT * OF: THE LATITUDE, it follows that the zenith 
distance of the visible pole is the complement of the latitude, 
and that the altitude of the visible pole is equal to the latitude 
of the place. 	 , 	 . 

* The complement of an angle or arc is that number of degrees by which 
it differs from 90°. 	Thus 900  is the complement of 60°. 
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2362. Method of finding the latitude of the place.— The 
latitude of the place of observation may therefore be always 
determined if the altitude of the celestial pole can be observed. 
If there were any star situate Precisely at the pole, it would 
therefore be sufficient to observe its altitude. There is, however, 
no star exactly at the pole, although, as has been already 
observed, the POLE STAR is very near it. 	The altitude of the 
pole is found,•therefore, not by one, but by two observations. 
The Pole star, or any other star situate near the pole, is carried 
round it in a circle by the apparent diurnal motion of the 
sphere, and it necessarily crosses the meridian twice in each 
revolution, once above, and once below the pole. 	Its altitude in 
the latter position is the least, and in the former the greatest it 
ever has ; and the pole itself is just midway between these two 
extreme positions of this circumpolar star. 	To find the actual 
altitude of the pole, it is only necessary therefore to take the 
mean, that is, half the sum of these two extreme altitudes. By 
making the same observations with several circumpolar stars, 
and taking a mean of the whole, still greater accuracy may be 
attained. 

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

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

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

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

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

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

2366. Oblique sphere seen at intermediate latitudes. — At 
latitudes between the equator and pole, the celestial pole holds 
a place between the horizon and the zenith determined by the 
latitude. 	The celestial equator ceg, fig. 696., and its parallels, 
are inclined to the plane of the horizon at angles equal to the 
distance of the pole from the zenith, andetherefore equal to the 
complement of the latitude. 	The centres of all parallels to the 
celestial equator a q which are between it and the visible pole are 
above the plane of the horizon, between c and x, and the centres 
of all parallels at the other side of the equator below it. 	The 
parallels, such as ea and lnz, will therefore be all divided un-
equally by the plane of the horizon, the visible part l' r' being 
greater than the invisible part ner' for the former, and the 
invisible part aar greater than 	the visible part /r for the 
latter. 

It follows, therefore, that all objects between the celestial 
equator m q and the visible pole N will be longer above than 
below the horizon, and all objects on the other side of the 
equater will be longer below the horizon than above it. 

A parallel le le 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 corresponding parallel hh, 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 h' h' will be en., 
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tirely above the horizon, and all parallels nearer to the invisible 
pole than h k will be entirely below it. 

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

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

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

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

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

2368. Method of di ermining the longitude 911;places.— This 
perfect uniformity of the earth's rotation, inferred from the ob-
served uniformity of the apparent rotation of the firmament, is 
the basis of all methods of determining the hingitude. 	The 
longitude of a place will be deterdined if the angle under the 
meridian of the place; and that of any other place whose lon- 
gitude is known, can be found. 	But since, by the uniform 
rotation of the globe, the meridians of all places upon it are 
brought in regular succession tinder every part of the firmament, 
the moments at which the two meridians pass under the same 
star, or, what is the same, the moments at which the same star 
is seen to pass over the two meridians, being observed, the in-
terval will bear the same ratio to the entire time of the earth's 
rotation is thif:difference of the longitudes of the two places 
bears to 360°. 	. 	''' 

• 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 
ph ere in differeiit latitudes. 
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To make this more clear, let us take the case of two places 
------- --- 	 ......._ 	P and r', fig. 697., upon the 	equator. - -- 	—, 	—ik 

' 	s 	If c be the centre of the earth, the 
angle r c r' will be the difference be- / 

, 	tween the longitudes. 	Now, let the time 
I be observed at each place at which any 

	

i 	particular star s is seen upon the me- 

	

/ 	ridian. 	If the motion of the earth be 
1\ 	/ 	in the direction of the arrow, the me- 

ridian of r will come to the star before \  
the meridian of r'. 	This necessarily 

\ 	/ 
•I 	,p 	 supposes r to be east of P', since the 

If 	earth revolves from west to east. 	Let 
the true interval of time between the 
passage of s over the two meridians be 
t, let T be the time of one complete revo- 

Fig. 697. 	lution of the globe on its axis, and let L 
be the difference of the longitudes, or the angle re r'; 	we 
shall then have 

t : r :: L : 360°, 

L = t X 360% T 
But in the pra.ctical solution of this problem a difficulty is pre-
sented which has conferred :historical celebrity upon the ques-
tion, and caused it to be referred to as the type of all difficult 
enquiries. 	It is supposed, in what has just been explained, that 
means are provided at the two places P and r' by which the 
absolute moments of the transit Of the star over the respective 
meridians may be ascertained, so as to give the exact interval 
between them. 	If these moments be observed by any form of 
chronometer, it would then be necessary that the two chrono-
meters should be in exact accordance, or, what is the same, that 
their exact difference may be known. 	If a Chronoibeter, set 
correctly by another which is stationary et one place r, be 
transported to the other place r', this object will be attained, 
subject, however, to the error which may be incidental to the 
rate of the chronometer thus transported. 	If the distance be- 
tween the places be not considerable, the chronometers may thus 
be brought into very exact accordance; but when the distance 
is great, and that a long interval must elapse durifig the trans- 
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port of the chronometer, this expedient is subject to errors too 
considerable to be tolerated in the solution of a problem of such 
capital importance.  

It will be apparent that the rear" object to be attained is, to 
find some:pbenomwri•shfficiently initahtaneous 'in its mani-
feStatioq to Aafki:wiih:.-all:thse, necessary precision, a certain 
moment of time. ,; *Uch it ,Ptenonienon wad be; for example, 
the suadcn;.extinc:tioti of la,cOnspicuouS7.4tht 'seen at once at 
both, place: * : ' T,he moine.nt of sucli'a 13henoinenon .being ob-
settie4 WiLimans Of'two.oltrononkeleis- It theVace's,- the differ- 
Nice a the rime's jndreated by them ivould.be 'known,and they 
would' then•  senve for the Aeterniinatioci of the. diffelce of the 
lbagitliaei t yt.ti. inetliodrt xplained above:* "Seferili pheno- 
mena, lioth terrcistrial anil 'celestial, 	have.  accordingly been 
used ititt;thisl  Purpose. 	Abiong the former may be mentioned 
the sadden exfinctiOtt of the .  oxyhydrogen or electric light, the 
explosion:of a;ibeltet,&e.; among thp latter, the extinction of a 
star by ihesfliak of the raothr Passing over it, and the eclipse of 
the sate4144.of certain 	'ants, phenomena which will be more 
fully noticed hereafter. 	, 

2369. Lunar tnethocl offinding the longitude. — The change 
of positiou.of the moon with relatiop to the sun and stars being 
very rapiOaffords another phenomenon which has been found 
of great utility -in the ilt!termination..of the lopgitude, especially 
for the purposes of Mariners. 	Tabl4s are calculated in which 
the moon's apparentMistinees from the sun, and many of the 
most conspicuous fixed stars,;:tre given for short intervals of time, 
and the exact times at Greenwich when the moon has these 
distances are gii.'eh. If then the mariner, observing with proper 
instruments the position of the moon with relation to these 
objects; compares his observed distances witIl the tables which 
are supplied tofbim in the Nautical Almanack, he will find the 
time at Greenwich corresponding -to, the moment of hiS obser-
vation ; and being always, by the ordinary methods, able to de-
termine by observation the local tinaortlt 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, oe.hviee versa; and this time gives the 
longitude, as already .explained. 	.- 

This last is knowiraS the LUNAR gETIVPOF DETERMINING 
VIE LONGITUDE. 

   
  



FORM AND DENSITY OF THE EARTH. 	117 

In practice, many details are necessary, and various calcula-
tions must bo made, which cannot be explained here. 

2370. Method b4 electric telegraph.— When two places are 
connected by a line of electric telegraph, their difference of 
longitude can be easily and exactly 'determined, inasmuch as in-
stantaneous signals can ifelranstuittet1;:la which ittei6cal tlqcks 
can be compared mid regulated,' aadi Tit .1aeiiiiresirecliIept in 
exact adeordance„ ,'y 

2371. 	 5grlees.of Foinqun,the eth`th 
which are at .equal distauces;froni;t1meqiiater; or tylakelt la,Ve 
the same latitude,. Corm ti circie'phralfel,tO•thC equator,'callect a 
PARALLEL, PF,„ LAT.rritnu. . 	. 	- 	 ; 	.0 	• 	$ 	t. 

Thus all places;which llaveyne same Jautune 'are on'ttre same 
parallel. 	' 	'  

All places.whicIr we on the 	anv 71-neriilitin have. The, scale 
longitude. 

CHAP. V. 

SPHEROIDAL FOR3I, MASSE  AND DENSITY OF Tut .FARTII. 

2372. Progress of physical „investigalial aPprotinzglipe.— It is 
the condition of Aan, an& probably of pll other fibite intelli-
gences, to arrive at the possession bt: kkowledge by the slow 
and laborious process of a sort ofrsistem of trial and error. 
The first conclusions to which, in physical enquiries, observation 
conducts us, are never better than very roug,kopproximations 
to the truth. 	These being submitted to subsequent comparison 
with the originals, undergo a first series of corrections,•the more 
prominent and conspicuous departures from conformity being 
removed. 	A second approximation, but still only an approxi- 
mation, is thus obtained ; and another and still more severe com-
parison with the phenol-104i under investigation is made, and 
another order of 'correcticms is effected, and a closer approxima- 
tion 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 iellioVably reserved for a 
higher intellectual state. 
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The labours of the physical enquirer resemble those of the 
sculptor, whose first efforts produce from the block of marble a 
rude and uncouth resemblance of the human form, which only 
approaches the grace and beauty of nature by comparing it in-
cessantly and indefatigably with the original ; fletaching from 
it first the grosser and rougher protuberances, and subsequently 
reducing its parts by the nicer and more delicate touches of the 
chisel to near conformity with the model. 

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

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

2373. Figure of the earth an example of this. — The first 
conclusions at which we have arrived respecting the form of the 
earth is that it is a globe; and with respect to its motion is, that 
it is in uniform rotation round one of its diameters, making one 
complete revolution in twenty-four hours sidereal time, or 
23h. 56m. 4•09'• common or civil time. 

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

2375. Rotation cannot be modified — supposed form may.— 
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The conclusion that the earth revolves on its axis with a motion 
corresponding to the apparent rotation of the firmament, is one 
which admits of no modification, and must from its nature be 
either absolutely admitted or absolutely rejected. 	The globular 
form imputed to the earth, however, has been inferred for ob-
servations of a general nature, unattended by any conditions of 
exact measurement, and which would be equally compatible 
with innumerable forms, departing to a very considerable and 
measurable extent from that of an exact geometrical sphere or 
globe. 

2376. how rotation would affect the superficial gravity on a 
- 	 globe. —Let N Q s, fig. 698., repre- 

.. 	sent a section of a globe supposed 
have 

Nillbilkr 	
to 	a motion of rotation round 

•-• 	the diameter Ns as an axis. 	Every 
Q111111r 	point on its surface, such as P or Pc 

will. revolve in a circle, the centre 
be 

WilW 	
of which o or o' will 	upon the 
axis, and the radius o P or o' P" 

N1111 	 will 	gradually decrease in ap- 
proaching the poles x and s, where 

Fig. 698. 	 jrio motion takes place, and will 
gradually increase in approaching the equator @ o g, where the 
circle of rotation will be the equator itself. 

A body placed at any part of the surface, such as r, being 
thus carried round in a circle, will be affected by a centrifugal 
force, the intensity of which will be expressed by (314) 

c=1.226 xnxx2 xw, 

where n=r o, the radius of the circle, N the fraction of a revo-
lution made in one second, and w the weight of the body, and 
the direction of which is r c. 

This centrifugal force being expressed by r c is equivalent 
(170) to two forces expressed in intensity and direction by r to 
and r n. 	The component r 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 r n being 
directed towards the equator Q, has a tendency to cause the body 
to move towards the equator; and the body, if free, would ne-
cessarily so move. 

Now it will be evident, by the mere inspection of the diagram, 
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that the nearer the point P is to the equator Q, the more dir 
rectly will the centrifugal force r c be opposed to the weight, 
arid eonsequently.therr.  greater. will be that component of it, r m, 
which will have the effect of diminishing the weiglii. 

But this diminution of the weight is further,augmented by 
the increase of the actual intensity of the centrifugal force itself 
in approaching the equator. • By the above formula, it appears 
that the intensity of the centrifugal force must increase in pro- 
portion as the radius R or r 0,increases. 	Now it is apparent 
that P 0 increases gradually in going from r .  to q, since r' o' is 
greater, and Q o greater still than r 0 ; and that, on the other 
hand, it decreases in going from P to x or s, where it becomes 
nothing.  

Thus the effect of the centrifugal force in diminishing weight 
being nothing at the pole x or s, gradually increases in- ap-
proaching the equator; first, because its absolute intensity gra-
dually increases ; and secondly, because it is more and more 
dire'ctly 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, prolluced 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.  centrifigal  force. — This quantity may be easily 
computed by means of thZi formula. 

c = 1.226 X R X N2  X iv. 

Taking the radius of the equator in round numbers (which are 
sufficient for this purpose) at 4000 miles, and reducing it to feet, 
and reducing the time of rotation 23h. M'°. 4.09'• to seconds, we 
shall have 

R = 21,120,000, 	ii.  = 	1 . 86,206
:  

. 	. 
substituting these numbers we have 

c = 1,226 x 21,120,000 X —1 
(86,21-6-P X Iv; 
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and executing the arithmetical operations here indicated, we 
find 	 , 

o= 	x tv. 
287 

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

2378. Loss of weight at other latitudes. — The centrifugal 
force at any latitude r would be less than at Q in the ratio of o Q 
to or. 	But the part 	of this r m which is directly opposed to 
the 'weight is less than the whole r c, in the ratio of r c to PM, 
or, what is the same, of r b or o Q to r o. If then c' express the 
whole centrifugal force at P, and c" that part of it which is di-
rectly opposed to gravity, we shall have 

, 	1 	P o 	 p 	2 
1  C = 	X- 	C"=C'X P°-  X (-:) 

287 	oQ' 	 OQ 	287 	o 	• 

The number which expresses P 	is that which, is called in 
OQ 

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

1 e=
287 

x cos.2  lat. 

The loss of weight, therefore, which would be sustained by 
reason of the centrifugal force at any proposed latitude, would 
be a fraction of the whole weight found by dividing the square 
of the cosine of latitude by 287. 

2379. Effect of centrifugal force on the geographical condi-
tion of the surface of the globe. — In what precedes, we have 
only considered the effect of that one, r m, of the two components 
of the centrifugal force which is opposed to the weight. 	It 
remains to examine the effect of the other, r n, which is directed 
towards the equator. 

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

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

2380. Such effects not 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 accu- 
mulate more about the equator than elsewhere is manifested. 
Land and water, if not indifferently distributed over the surface, 
are certainly not apportioned so as to indicate any tendency such 
as that above described. If, therefore, the rotation of the earth be 
admitted, it follows that its figure must be such as to counteract 
the tendency of fluid matter to flow towards any one part of the 
surface rather than any other. 	In short, its figure must be 
such that gravity itself shall counteract that element P n of the 
centrifugal force 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, hav- 
ing a certain definite ellipticity, — that is, a figure which would 
be produced by an ellipse revolving round its shorter axis. 
Such a figure would resemble an orange or a turnip. 	It would 
be more convex at the equator than at the poles. A globe com- 
posed of elastic materials would be reduced to such a figure by 
pressing its poles together, so as to flatten more or less the sur- 
face of these points, and produce a protuberance around the equa- 

Ir tor. 	The meridians of such a globe 
would be ellipses, having its axis as 
their lesser axis, and the diameters of 

lib

h,  a the equator as their greater axes. 
The form of the meridian would 

be such as is represented in fig. 699., s N s being the axis of rotation, and 
Fig. 699. . 	 ..E Q the equatorial diameter. 

2382. Its ellipticity must depend on gravity and centrifugal 
force.—The protuberance around time equator may be more or 
less, according to the ellipticity of the spheroid ; but since time 
distribution o 	land and water is indifferent on the surface, 
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having no prevalence about the equator rather than about the 
poles, or vice versa, it is evident that the degree of protuberance 
must be that which counteracts, and no more than counteracts, 
the tendency of the fluids, in virtue of the centrifugal force, to 
flow towards the equator. 	This protuberance may be consi- 
dered as equivalent in its effects to an acclivity of regulated in- 
clination, rising from each pole towards the equator. 	To arrive 
at the equator the fluid must ascend this acclivity, to which 
ascent gravity opposes itself, with a force depending on its 
steepness, which increases with the magnitude of the protu-
berance, or, what is the same, with the ellipticity of the 
spheroid. 	If the ellipticity be less than is necessary to coun- 
teract the effect of the centrifugal force, the fluid will still flow 
to the equator, and the earth would consist, as before, of a great 
equatorial ocean separating two vast polar continents. 	If the 
ellipticity were greater than is necessary to counteract the effect 
of the centrifugal force, then gravity would prevail over•the cen-
trifugal force, and the waters would flow down the acclivities of 
the excessive protuberance towards the poles, and the earth 
would consist of a vast equatorial continent separating two 
polar oceans. 

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

It remains, therefore, to determine what this particular degree 
of ellipticity is, or, what is the same, to determine by what 
fraction of its whole length the equatorial diameter 12 q exceeds 
the polar axis rt s. 

2383. Ellipticity may be calculated and measured, and the 
results compared.—The degree of ellipticity of the terrestrial 
spheroid may be found by theory, or ascertained by observation 
and measurement, or by both these 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. 

a 2 
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Both these methods have accordingly been adopted, and their 
results are found to be in complete harmony. 

2384. Ellipticity calculated.—The several quantities which 
are involved in this problem are :- 

1. The time of rotation = R.  
2. The fraction of its whole length by which the equatorial 

exceeds the polar diameter = e. 
3. The fraction of its whole weight by which the weight of a 

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

4. The mean density of the earth. 
5. The law according to which the density of the strata 

varies in proceeding from the surface to the centre. 
All these quantities have such a mutual dependance, that 

when some of them are given or known, the others may be 
found. 

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

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

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

e + w = r. 

Now it has been shown that when R=2311. 56m• 4.095 , the 
number r will be T13, so that in effect 

1 
e + w =...--- • 115 

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

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

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

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

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

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

0 3 

   
  



126 	 ASTRONOMY. 

has a length proportional to the diameter. 	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 an inch in diameter. 	The curvature, 
therefore, increases as the length of an arc of 1° diminishes. 

If, therefore, a degree of the meridian be observed, and 
measured, by the process already explained (2317), at different 
latitudes, and it is found that its 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. 

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

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

1 e=, 	 • 
300 

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

2387. Accordance of these results with theory.—By com-
paring these results with those obtained by Newton, on the 
supposition of the uniform density of the earth, a discrepancy 
will be found sufficient to .prove the falsehood of that sup- 
position. 	The value of e found by Newton is 74 u, its actual 
value being -3-1}D, and that of w Flu, its actual value being TAT. 

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

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

e+w= 
115' 

we substitute for w the value 41-, obtained by observation, we 
find 

1 	 1 	1' 
e =—.— —= 	 , 

115 	187 	300'  

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

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

1 	 1 _ 1 
187-287-537.  

It appears, therefore, that while the 287th part of the weight 
is balanced by the centrifugal force, 	the actual attraction 
exerted by the earth upon a body at the equator is less than at 
the pole by the 537th* part of the whole weight. 	This differ- 
ence is due to the elliptical form of the meridian, by which the 
distance of the body from the centre of the earth is augmented. 

2389. Actual linear dimensions of the terrestrial spheroid.— 
It is not enough to know the proportions of the earth. 	It is 
required to determine the actual dimensions of the spheroid. 
The following are the lengths of the polar and equatorial dia- 
meters, according to the computations of the most eminent and 
recent authorities :— 

. Braid. Airy. 

Mika. Miles. 
Polar diameter 	- 	- 	- 	- 	- 7899'114 2899•170 
Fquatorial diameter 	- 	- 	- 	- 7925'604 7925 648 
Absolute dilTerence 	- 	- 	- 	- 26 471 26.478 
Excess of the eq atonal expressed In a fraction I 1 

of Its entire length 	- 	- 	- 	
I 

-2-9945' 299 820 

The close coincidence of these results supplies a striking 

• According to Herschel, the 590th part. 
C4 4 
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example of the precision to which such calculations have been 
brought. 

The departure of the terrestrial spheroid from the form of an 
exact globe is so inconsiderable that, if an exact model of it 
turned in ivory were placed before us, we could:not, either by 
sight or touch, distinguish it from a perfect billiard ball. 	A 
figure of a meridian accurately drawn bn 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 nqsq be imagined to be inscribed within the terrestrial 
spheroid having the polar axis xs, fig. 700., for its diameter, a 

N 	 spheroidal shell will be included 

1 

the spheroid composed of the 

Ilh 

	

	

between its surface and that of 

protuberant matter, having a 

IL 

thickness Qq of 26 miles at the 

5 	
equator, and becoming gra- 
dually thinner in procpeding to 

s 	 the poles, where its thickness 
Fig. 700. 	 vanishes. This shell, which con- 

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

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

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

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

• A : Af  : : D° 2  : D2  ; 
and therefore 

D2  A' = A X  D'2.  
If a be the attraction which any mass m of known quantity 

exerts at the distance D' upon the same body upon which the 
earth exerts the attraction A', we shall have — 

E : Via ; ; A' ; a ; 
and therefore 

	

A 	 A 

	

' 	 D2  E=MX- = m x - x . .,T a 	a 	D 
If, therefore, the mass m, the ratio of the attractions A and a, 
and the ratio of the distances D and io', be respectively known, 
the mass E of the earth can be computed. 

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

To render this method practicable, it is necessary that the 
mountain selected be a solitary one, standing on an extensive 
plain, since otherwise the deviation of the plumb-line would be 
affected by neighbouring eminences to an extent which it might 
not be possible to estimate with the necessary precision. 	No' 
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eminence sufficiently considerable exists near enough to Sche- 
hallien to produce such disturbance. 	, 

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

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

Pi  represent the points of suspension of the two plumb-lines. 
If the mountain were removed, they would hang in the direc-
tions rc and r'c of the earth's centre, and their directions 
would be inclined at the angle rce. 	But the attraction exerted 
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)3y the inter jacent mass produces on each side a slight deflec-
tion towards the mountain, so that the two directions of the 
plumb-line, instead of converging to the centre of the earth c, 
converge to a point c nearer to the surface, and form with each 
other an angle PCP' greater than PC Pi  by the sum of thg two 
deflections crc and CP' C. 

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

s z' — s z =zz', 

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

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

To determine the magnitude of the angle Per', 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 necessary, 	in order to determine its exact 
volume. 	For every hundred feet in the distance between r and 
r' there will be 1" in tile angle PCP' (2319). 	Finding, there- 
fore, the direct distance between r and r' in feet, and dividing 
it by 100, we shall have the angle r c PI  in seconds. 

In the case of the experiment of Dr. Maskelyne, which was 
made in 1774, the angle per' was found to be 41", and the 
angle r cr' 53". 	The sum of the two deflections was there- 
fore 12". 

The survey of the mountain supplied the data necessary to 
determine its actual volume in cubic miles, or fraction of a 
cubic mile. 	An elaborate examination of its stratification, by 
means of sections, borings, and the other usual methods, sup-
plied the data necessary to determine the weights of its com, 
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ponent parts, and thence the weight of its entire volume; and 
the comparison of this weight with its volume gave its mean 
density. 

If the mean density of the earth were equal to that of the 
mountain,V 	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 s of the earth on that 
supposition was computed, and by the formula given in (2391), 

or others based upon the same principles, the ratio n  —
a 

of the 

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

The mean density of the mountain having been ascertained 
to be about 21 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 at-
traction exerted by the earth upon a body on its surface was 
compared with the attraction exerted by a large metallic ball on 
the same body ; and this experiment was repeated still more re-
cently by Dr. Reich, and by the late Mr. Francis Baily, as the 
active member of a committee of the Royal Astronomical So- 
ciety of London. 	All these several experimenters proceeded 
by methods which differed only in some of their practical de-
tails, and in the conditions and precautions adopted to obtain 
more accurate results. 

In the apparatus used by Mr. Bally, the latest of them, the 
attracting bodies with which the globe of the earth was com- 
pared were two balls of lead, each a foot in diameter. 	The 
bodies upon which their attraction was manifested were small 
balls, about two inches in diameter. The former were supported 
on the ends of an oblong horizontal stage, capable of being 
turned round a vertical axis supporting the stage at a point 
midway between them. 	Let fig. 702. represent a plan of the 
apparatus. 	The large metallic balls s and s' are supported 
upon a rectangular stage represented by the dotted lines, and 
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so mounted as to be capable of being turned round its centre 
c in its own plane. 	Two small balls a, a', about two inches in 
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Fig. 702. 
diameter, are attached to the ends of a rod, so that the distance 
between their centres shall be nearly equal to as'. 	This rod is 
supported at c 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 in- 
tensity of which can always be ascertained by the angle of de- 
flection of the rod aa'. 	The exact direction of the rod as is 
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observed, without approaching the apparatus, by means of two 
small telescopes T and T1, and the extent of its departure from 
its position of equilibrium may be measured with great precision 
by micrometers. 

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

The large balls being first placed at a distance from the 
small ones, the direction of the rod in its pbsition of equili- 
brium was observed with the telescopes T T1. 	The staire sup- 
porting the large balls was 	then turned until 	they were 
brought near the small ones, as represented at a 131. 	It was 
then observed that the small balls were attracted by the large 
ones, and the amount of the deflection of the rod ad was 
observed. 	 • 

The frame supporting the large balls was then turned until 
B was brought to I), and a' to 6', so as to attract the small balls 
on the other side, and the deflection of a a' was again observed. 
In each case the amount of the deflection being exactly ascer-
tained, the intensity of the deflecting force, and its ratio to the 
weight of the balls, became known. 

The properties of the pendulum supplied a very simple and 
exact means of comparing the attraction of the balls a and n' 
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 intensity of the two attractions was 
computed from a comparision of these rates by the principles 
established in (544 	The precision of which this process of 
observation is susceptible may be inferred from the fact that 
the whole attraction of the balls B B1  upon a a' 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 supposition that the mean density of the earth is equal to 
that of the metallic balls a u', was then computed on the prin-
ciples explained in (2381), and found to be less than the actual 
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attraction observed, and it was inferred that the density of the 
earth was less than that of the balls B a' in the same ratio. 

In fine, it resulted that the mean density of the earth is 5.67 
times the density of water. 

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

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

259,800 millions of cubic miles. 
332,425,60,000 billions of .cubic feet. 

The average weight of each cubic foot of the earth being 
5.67 times the weight of a cubic foot of water, is 354.375 lbs., 
or 0.1587 of a ton. 	It follows, therefore, that the total weight 
of the earth is 

6,069,094,272 billions of tons. 

CHAP. VI. 

THE OBSERVATORY. 

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

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

The rate of the astronomical clock is so regulated that, if any 
of the stars be observed which are upon the celestial meridian 
at the moment at which the hands point to Ob. Om• O9•, they will 
again point to Oh. Om. O9• when the same stars are next seen on 
the meridian. 	The interval, which is called a sidereal day, is 
divided into twenty-four equal parts, called SIDEREAL HOURS. 
The hour-hand moves over one principal division of its dial in 
this interval. 	In like manner the MINUTE and SECOND-HANDS 
move on divided circles, each moving over the successive divi,. 
sions in the intervals of a minute and a second respectively. 

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

And this, in fact, is the method actually used in all exact 
astronomical observations. 	The eye of the observer is occupied 
in watching the progress of the object moving over the wires 
(2302) 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 constructed as 
to produce a sufficiently loud and distinct sound, marking the 
close of each successive second. 	The practised observer is 
enabled with considerable precision in this way to subdivide a 
second, and determine the moment of the occurrence of a phe- 
nomenon within a small fraction of that interval. 	A star, for 
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example, is seen to the left of the wire m nil at s, fig. 703., at 

4 k  

111 one beat of the pendulum, and to the right 
next. 
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s, at which it was upon the wire m m'. 
Although the art of constructing citron°, m 

Fig. 703. 	meters has attained a surprising degree of 
perfection, it is not perfect, and the RATE of even the best of 
such instruments is not absolutely uniform. 	It is therefore 
necessary..  from time ,to time to check the indications of the 
clock by observing its rate. If the clock were absolutely perfect, 
the pendulum. would perform exactly 24 x 60 x 60=86,400 
vibrations in the interval between two successive returns of the 
same star to the meridian. 	Now a good astronomical clock will 
never make so many as 86,401 nor so few as 86,399 vibrations 
in the interval. 	In the one case its rate would be too fast, and 
in the other too slow by 1 in 86400. 	Even with such an 
erroneous rate the error thrown upon an observation of one 
hour would not exceed the 24th part of a second. 	If, however, 
the rate be observed, even this error may be allowed for, and no 
other will remain save the remote possibility of a change of 
rate since the rate was last ascertained. 

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

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

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

This is accomplished by attaching the telescope to an axis at 
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right angles to its line of collimation, and placing the extremi-
ties of such axis on two horizontal supports, which are exactly 
at the same level, and in a line directed east and west. 	The 
line of collimation when horizontal will therefore be directed 
north and south ; and if the telescope be turned on its axis 
through 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. 704. 

,' 
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Al.......... 
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Fig. 704. 

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

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

1°. The axis AB must be level. 
2°. The line of collimation must be perpendicular to it. 
3°. It must be directed due east and west. 

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

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

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

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

r c• 	 61  

wologa—"deftwee 
' Fig. 705. 

slightly convex, and when it is placed horizontally with its 
convexity upwards, the bubble ab produced by its deficient ful- 
ness will take the highest position, and therefore rest at the 
centre of its length. 	Marks are engraved on or attached to the 	' 
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tube at a and b indicating the centre of its.  length. 	The tube 
is attached to a straight bar C I>, or so mounted as to be capable 
of being suspended from two points cirl, and is so adjusted Oat 
when the lower surface of the bar en, or the line joining the 
two points of suspension e'n, 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 pro-
posedpoints, be level, the instrument is applied upon the one, 
or suspended from the other. 	If the bubble rest between the 
marks a and b, they are level ; if not, that direction towards 
which it deviates is the•more elevated, and it must be lowered, 
or the other raised. 	The operation must be repeated until the 
bubble is found to rest between the central marks a and b, 
whichever way the level be placed. 

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

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

2100, To make Me line of collimation perpendicular to the 
axis. — It must be remembered, that the line of collimation itt a 
line drawn front the centre of the object-Lines 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 so mounted that the position of their intersection 
can be moved through a certain small space by means of a mi- 
crometer screw. 	One end of the line of collimation, therefore, 
being moveable, while the other is fixed, its direction fluty be 
changed at pleasure within limits determined by the construction 
of the eye-glass and its micrometer. 

To ascertain whether the line 6f collimation is or is not at 
right angles to the line joining the points of support A and n, 
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fig. 704., let any dislant point be observed upon which the inter- 
section of the wires falls. 	Let the instrument be then reversed 
upon its supports, the end of the axis which rested on a being 
transferred to b, and that which rested on b 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 perpen- 
dicular, and the wires must be moved by the adjusting screw, 
until their intersection is moved towards the object through 
half of its apparent distance from it. 	. 

To render this more clear, let AB, fig. 706., represent the di- 
rection of the axis, CD that of a line exactly at right angles to 

sl 	, 	it, or the direction which is to be 
1 	given to the line of collimation, and 

, 	 let CD' represent the erroneous di- t. 	 rection which that line actually has. 
Let s be a distant object to which it 

i 	is observed to be directed, this oh- : 
ject being seen upon the intersection 
of the wires. 	If the instrument be 
reversed, the line cb' will have the D 	• ,.>D   direction c n", deviating as much 
from c D to the right as it before de- 
viated to the left. 	The object s will 
now be seen at a distance to the left 
of the intersection of 	the wires A B c 	 which measures the angle D'CD", 

Fig. 70G. 	which is twice the angle DC120', or 
the deviation of 	the 	line of collimation from the perpen- 
dicular Da. 

2401. To render the direction of the supports due east and 
west, — This is in some cases accomplished by a sticitioinx 
MARK, which is a distinct object, such as n white vertical line 
painted on a black ground, erected at a sufficient distance from 
the instrument in the exact meridian of the observatory. 	lf, 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 me- 
ridian), the direction of the axis AB, fig. 704., will deviate to 
the same extent from the true east and west, since it has been 
already, by the previous adjustments, rendered perpendicular to 
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the line of collimation. 	The entire 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 n, fig. 704'., rests, by 
which it has a certain play in the horizontal direction urged by 
a fine screw. 	In this way the axis an is brought into the true 
direction east and west, and therefore the line of collimation 
into the true meridian. 

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

2402. Micrometer wires — method of observing transit. — 
In, the focus of the eye-piece of the transit instrument, the 
system of micrometer wires (2302), 	already mentioned, is 
placed. 	This consists commonly of 5 or 7 equidistant wires, 
placed vertically at equal distances, and intersected at their 
middle points by a horizontal wire, as represented in fig. 703. 
When the instrument has been adjusted, the middle wire mm' 
will be in the plane of the meridian, and when an object is seen 
upon it, such object will be on the celestial meridian, and the 
wire itself may be regarded as a small arc of the meridian 
rendered visible. 

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

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

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

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

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

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

Thus, if the moon or sun be in or near the equator, the disk 
will be observed to pass across the field with a visible motion, 
the interval between the moments of contact of the western and 
eastern edges with the middle wire beim,. 2131. 89•, when the ap- 
parent diameter is 32'. 	Thus, the disk appears to move over 
a space equal to half its own diameter in lm• 4'1% 

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

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

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

Right ascension is expressed. sometimes according to angular 
magnitude, in degrees, minutes; and seconds ; but since, accord-
ing to what has been explained, these magnitudes are pro-
portional to the time they take to pass over the meridian, right 
ascension is also often expressed immediately by this time. 
Thus, if the right ascension of an object is 15° 15' 15", it will 
be expressed also by l" lat. 1$.. 

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

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

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

2406. Sidereal clock indicates 	right 	ascension. — If the 
handi Of the sidereal clock be set to 011.0n1.0,. when the first 
point of Aries .is on the meridian, they will at all times (sup-
posing the rate.of the clock to be correct) indicate the right 
ascension of such objects as are on the meridian. 	For the 
motion of the hands in that case corresponds exactly with the 
apparent motion of the meridian on the celestial equator pro- 
duced by the diurnal motion of the heavens. 	While 15° of the 
equator pass the meridian the hands move through 1.11., and 
other motions are made in the same proportion. 

2407. The mural circle. — The transit instrument and side-
real clock supply means of determining with extreme precision 
the instant at which an object passes the meridian; but the in-
strument is not provided with any accurate means of indicating 
the point at which the object is seen on the meridian. 	A circle 
is sometimes, it is true, attached to the transit by which the 
position of this point may be roughly observed ; but to ascer-
tain it with a precision proportionate to that with which the 
transit instrument determines the right ascensions, requires an 
instrument constructed and mounted for this express object in 
a manner, and under conditions, altogether different from those 
by which the transit instrument is regulated. 	The form-  of in- 
strument adopted in the most efficiently furnished observatories 
for this purpose is the, MURAL CIRCLE. 

This instrument is a graduated circle, similar in form and 
principle to the instrument described in (2304). 	It is centred 
upon an axis established in the face of a stone pier or wall 
(hence the name), erected in the plane of the meridian. 	The 
axis, like that of a transit instrument, is truly horizontal, and 
directed due east and west. 	Being by the conditions on which 
it is first constructed and mounted, very nearly in this position, 
it is rendered exactly so by two adjustments, one of which 
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moves the axis vertically, and the other horizontally, by means 
of screws, through spaces which, though ,small, are still large 
enough to enable the observer to correct the slight errors of 
position incidental to the workmanship and mounting. 

The instrument, as mounted 
and adjusted, is represented in 

A perspective in fig. 707., where 
' .ilis the stone wall to which the 

E AA 
.. Instrument is 	attached, n the 

. . 	central- axis on which it turns ; 
and F G the telescope, which does 

ti  
' 
F. /A 

not move upon the circle, but is 
, A. 	immoveably attached .to it, 	so 

>00/ that the entire instrument, in- 
cluding the telescope, 	turns in 
the plane of the meridian upon 
the axis D. 

N 	 A front view of the circle in 
Fig. 707. 	the plane of the instrument is 

. 	given in fig. 708. 
.0 ' 	• 

• / 
,,' 

/ , 	 • 
Js  

%  

, 4 
,..., 

r----  —I 
' 	Fig. q08. 

The graduation is usually made on the.edge, and not on the 
face limb. 	The hoop of metal thus engraved forms, therefore, 
what may be cdlled the tire of the wheel. 
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Troughs o, containing mercury, are placed on the floor in 
convenient positions in the plane of the instrument, in the sur-
face of which are seen, by reflection, the objects as they pass 
over the meridian. 	The observer is thus enabled to ascertain 
the directions, as well of the image1.2f the objects reflected in 
the mercury, as of the objects themselves, the advantage of 
which will presently appear. 

Convenient ladders, chairs, and couches, capable of being 
adjusted by racks and other mechgnical arrangements, at any 
desired inclinations, enatle the observer, with the utmost ease 
and comfiirt, to apply his eye to the telescOpe, no matter what 
be its direction:  

In the more important 	national observatories the mural 
circles are eight feet in diameter, and consequently 301.5 inches 
in circumference. 	Each degree upon the circumference mea- 
suring, therefore, above eight-tenths of an inch, admits of ex-
tremely minute subdivision. 

The divisions on the graduated edge of the instrument are 
numbered as usual from 0° to 360° round the entire circle. The 
position which the direction of the line of collimation of the 
telescope has with relation to the 0° of the limb is indifferent. 
Nothing is necessary except. tiatt this line, in moving round the 
axis D of the instrument, shall remain constantly in the plane of 
the meridian. 	This condition being fulfilled, it is evident that, 
as the circle revolves, the line of collimation will be successively 
directed to every poibt'of the meridian when 'Presented upwards, 
and to every point ,of its reflected image in the mercury when 
presented de;vnivaras. 

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

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

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

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

2411. Method of ascertaining' the horizontal point.— The 
"reading," as it is technically c411ed, at each of the microscopes, 
in any proposed position of the .instrument, is the distance of 
that microscope from the zero ,point of the limb. 	Now it is 
easy to show that half the sum of the two readings at any mi- 
croscope, when the telescope is successively directed to 	an 
object and its image in the mercury, wine the reading at the 
same micro:,,colie when the line of collimation is horizontal. 

Let a circle be imagined to be drawn upon the stone pier 
around the instrument, and let 31, 

o 	fig. 709., represent the position of 
any of the microscopes. 	Let co be 
the position: of the telescope when 

c 	u 	directed to the object, and let z be 
the position of the zero of the limb. 
Let ox be the position of the tele-
scope when directed to the image of 
the same object in the mercury. 	If 
z z" .,---- ox, z" will be then the place 

Fig. 709. 	of the zero, because the zero will be 
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moved with the instrument through the same space as that 
through which the telescope is moved. 	Since the direction ci 
is as much below the horizon as co is above it, the direction of 
the horizon must be that of the point H which bisects the arc 
or. 	The telescope, when horizontal, will have therefore the 
direction en, and when it has this position the zero will evi-
dently be at z', the point which bisects the arc ze. 

The "readings" of the microscope 3n, when the telescope is 
directed to o and r, are ?az and mz". 	The " reading " of the 
same microscope when the telescope is horizontal would be At z'. 
Now it is evident, from what has been stated above, that 

razi— iu z*--- at z"—atz' ; 
and, therefore, 

mz'= } (m .z + H zn) ; 
tha is, the reading for the horizontal direction of the telescope 
would be half the sum of the readings for an object and its 
image. 

2412. Method of observing altitudes and zenith distances. — 
The readings of all the microscopes, when the telescope is di-
rected to the horizon, being thus determined, are preserved as 
necessary data in all observations on the altitudes or zenith 
distances of objects. 	To dettrmine the altitude of an object o, 
let the telescope be directed to ft, so that it shall be seen at the 
intersection of the wires; and let the readings of the six micro-
scopes be or , 02,03, 04, o5, and'o6, and let their six horizontal 
readings be H„ n2, 113, H4,135, and 116. We shall have six values 
for the altitudes: 	• 

A, = H, —0,, 
A 2  = H2  — 02, 
A 3  = H3  — 03, 
A4  = H4  — 04, 
A5  = H5  — 05, 	• 
A6 = H6 — 06. 

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

A =1{A„ + A2  -I-A3  + A4  +A5  + A6). 
H 3 
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The altitude of an object being known, its zenith distance 
may be found by subtracting the altitude from 90° : thus, if 
z express the zenith distance, we shall have 

z = 90° -.A. 

'2413. Method of determining the position of the pole and 
equator. — The mural circle may be regarded as the celestial 
meridian reduced in scale, and brought immediately under the 
hands of the observer, so that all distances upon it may be sub- 
mitted to exact examination and measurement. 	Besides the 
zenith and horizon, the positions of which, in relation to the 
microscopes, have just been ascertained, there are two other 
points of equal importance, the pole and the equator, which 
should also be established. 

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

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

The readings for the pole being determined, those which 
correspond to the point where the celestial equator crosses the 
meridian may be found by substracting the former from 90°. 

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

2414. All circles of declination represented by the circle. — 
Since the circles of declination, which are imagined to surround 
the heavens, are brought by the diurnal motion in succession to 
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coincide with the celestial meridian (2404), and since that meri-
dian is itself represented by the mural circle, that circle may be 
considered as presenting successively a model of every circle of 
declination ; and the position of any object upon the circle of 
declination is represented on the mural circle by the position of 
the telescope when directed to the point of the meridian at 
which the object crosses it. 

If the object have a fixed position on the firmament, it is 
evident that it will always pass the meridian at the same point ; 
and if the 	telescope be directed to that point and main- 
tained there, the object will be seen at the intersection of 
the wires regularly after intervals of twenty-four hours sidereal 
time. 

2415. Declination and polar distance of an object. — The 
distance of an object from the celestial equator, measured upon 
the circle of declination which passes through it, is called its 
DECLINATION, and is NORTH or SOUTH, according to the side of 
the equator at which the object is placed. 

The declination of an object is ascertained with the mural 
circle in the same manner and by the same observation as that 
which gives its altitude. The readings of the microscopes for the 
object being compared with their readings for the pole (2413), 
give the polar distance of the object; and the difference between 
the polar distances and 90° gives the declination. 

Thus the polar distance and declination of an object are to 
the equator exactly what its altitude and zenith distance are to 
the horizon. 	But since the equator maintains always the same 
position during the diurnal motion of the heavens, the declina-
tion and polar distance of an object are not affected by that 
motion, and remain the same, while the altitude and zenith 
distances are constantly changing. 

2416. Position of an object defined by its declination and 
right ascension. — The position of an object on the firmament is 
determined by its declination and right ascension. 	Its declina- 
tion expresses its distance 	north or south of the 	celestial 
equator, and its right ascension expresses the distance of the 
circle of declination upon which it is placed from a certain de-
fined point upon the celestial equator. 

It is evident, therefore, that declination and right ascension 
define the position of celestial objects in exactly the same manner 
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as latitude and longitude define the position of places on the 
earth. 	A place upon the globe may be regarded as being pro-
jected on the heavens into the point which fornis its zenith; 
and hence it appears that the latitude of the place is identical 
with the declination of its zenith. 

CHAP. VII. 

ATMOSPHERIC REFRACTION. 

2417. Apparent position of celestial objects affected by re-
fraction. —It has been shown that the ocean of air which sur-
rounds, rests upon, and extends to a certain limited height above 
the surface of the solid and liquid matter coniposing the globe, 
decreases gradually in density in rising from the surface (719); 
that when a ray of light passes from a rarer into a denser 
transparent medium, it is deflected towards the perpendicular to 
their common surface ; and that the amount of such deflection 
increases with the difference of densities and the angle of inci-
dence (978 et seq.). These properties, which air has in common 
with all transparent media, produce important effects on the 
apparent positions of celestial objects. 	 . 

Let sa, fig. 710., be a ray of light coming from any distant 

z ( 	object s, and falling on the surface 
of a series of layers of transparent 

1I 	1 	s 	matter, increasing in density down- 
] I 	 wards. 	The ray sa, passing into 
1 	 the first layer, will be deflected in 
I 	 the direction aa' towards the per-

pendicular; passing thence into the 
. 	 next, it will be again deflected in 

the direction a' a", more towards 
- 	 the 	perpendicular; 	and, in fine, 

passing through the lowest layer, 
it will be still more deflected, and 

#1, 	 will enter the eye at e, in the di- 
Fig. 710. 	 rection a" e : and since every object 
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is seen in die direction from which the visual ray enters the 
eye, the object s will be seen in the direction es', instead of its 
true direction a s. 	The effect, therefore, is to make the object 
appear to be nearer to the zenithal direction than it really is. 

And this is what actually occurs with respect to all celestial 
objects seen, as such objects always must be, through the at- 
mosphere. 	The visual ray SD, fig. 711., passing through a 

s 

,..000
0111111111111r40411.0., '4e4%hb-,uoh..  

II 
Fig. 711. 

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 zenithal line Az. 	The direction in 
which the object will be seen, being that in which the visual 
ray enters the eye, will be the tangent As to the curve at A. 
The object will therefore be seen in the direction As instead 
of n's. 

It has been shown that the deflection produced by refraction 
is increased with the increase of the angle of incidence. 	Now, 
in the present case, the angle of incidence is the angle under 
the true direction of the object and the zenithal line, or, what 
is the same, the zenith distance of the object. 	The extent, 
therefore, to which any celestial object is disturbed from its 
true place by the refraction of the atmosphere, increases with 
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its zenith distance. 	The refraction is, therefore, nothing in the 
zenith, and greatest in the horizon. 

2418. Law of atmospheric 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 
displacement (except at very low altitudes) varies in the pro-
portion of the tangent of the zenith distance. 

Thus, if Az, fig. 7 ]2., be the zenithal direction, and A o, Am', 
Ao", &c., be the directions of celes- z 	T T.  T" 

being z Ao, zap', zA9", &c., the 
r, tial objects, their zenith distances 

quantities of refraction by which 
they will be severally affected, or, 
what is the same, the differences 

Fig 712. 	 between their true and apparent .  directions, will lie in the ratio of 
the tangents Zr, ZT/, ZT", &c. of the zenith distances.* 

This law prevails, with considerable exactitude, except at 
very low altitudes, where the refractions depart from it, and 
become uncertain. 

2419. Quantity of refraction.—When the latitude of the 
observatory is known, the actual quantity of refraction at a 
given altitude may be ascertained by observing the altitudes of 
a circumpolar star, when it passes the meridian above and 
below the pole. 	The sum of these altitudes would be exactly 

$ This law may be demonstrated as follows :—The angle of incidence of the 
visual ray is equal to the zenith distance z of the object. 	If r express the 
refraction, the angle of refraction will be z — r. 	Let the index of refraction 
(980) be m. 	By the general law of refraction we have, therefore, 

sin. z= m x sin. (z—r) = m x sin. z cos. r— m x cos. z sin. r. 
But since r is a very small angle, if it be expressed in seconds, we shall have 

r 

	

cos. T=1, 	sill. r — 206265' 
and, consequently, 

r 
sin. z=m x sin. z—m x cos. z x 656,1675, 

and, therefore, 
r= 2060671, 	'.4  —1 	sin. z _ 206265" x "1—:---1 x tan. z. x 	x  

m 	cos. z 	 m 
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equal to twice the latitude (2362) if the refraction did not 
exist, but since by its effects the star is seen at greater than its 
true altitudes, the sum of the altitudes will be greater than 
twice the latitude by the sum of the two refractions. 	This 
sum will therefore be known, and being divided between the 
two altitudes in the ratio of the tangents of the zenith dis-
tances, the quantity of refraction due to each altitude will be 
known. 

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

2420. Tables of refraction.— To determine with great ex-
actitude the average quantity of refraction due to different 
altitudes, and the various physical conditions under which the 
actual refraction departs from such average, is an extremely 
difficult physical problem. 	These conditions are connected 
with phenomena subject to uncertain and imperfectly known 
laws. 	Thus, the quantity of refraction at a given altitude 
depends, not only on the density, but also on the temperature 
of the successive strata of air through which the visual ray 
has passed. 	Although, as a general fact, it is apparent that 
the temperature of the air falls as we rise in the atmosphere 
(2185), yet the exact law according to which it decreases is 
not fully ascertained. 	But even though it were, the refraction 
is also influenced by other agencies, among which the hygro-
metric condition of the air holds an important place. 

From these causes, some uncertainty necessarily attends 
astronomical observations, and some embarrassment arises in 
cases where the quantities to be detected by the observations are 
extremely minute. 	Nevertheless, it must be remembered, that 
since the total amount of refraction is never considerable, and 
in most cases it is extremely minute, and since, small as it is, 
it can be very nearly estimated and allowed for, and in some 
cases wholly effaced, no serious obstacle is offered by it to the 
general progress of astronomy. 

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

2421. Average quantity at mean altitudes. — While the re-
fraction is nothing in the zenith, and somewhat greater than 
the apparent diameter of the sun or moon in the horizon, 
it does not amount to so much as 1', or the thirtieth part of 
this diameter, at the mean altitude of 45°. 

2422. Effect on rising and setting. — Its mean quantity in 
the horizon is 33', which being a little more than the mean 
apparent diameters of the sun and moon, it follows that these 
objects, at the moment of rising and setting, are visible above 
the horizon, the lower edge of their disks just touching it, when 
in reality they are below it, the upper edge of the disk just 
touching it. 

The moments of rising of all objects are therefore accelerated, 
and those of setting retarded, by refractiOn. 	The sun and 
moon appear to rise before they have really risen, and to set 
after they have really set ; and the same is true of all other 
objects. 

2423. General ef fect of the barometer on refraction. — 
Since the barometer rises with the increased weight and density 
of the air, its rise is attended by an augmentation, and its fall 
by a decrease, of refraction. 	It may be assumed that the 
refraction at any proposed altitude is increased or diminished 
by 1.300th part of its mean quantity for every 10th of an 
inch by which the barometer exceeds or falls short of the 
height of 30 inches. 

2424. Effect of thermometer. — As the increase of tem-
perature causes a decrease of density, the effect of refraction 
is diminished by the elevation of the thermometer, the state 
of the barometer being the same. 	It may be assumed, that the 
refraction at any proposed 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 
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has descended from the view of the inhabitants of the adjacent 
plains. 	The air and clouds thus illuminated, reflect light to 
the surface below them; and thus, after sunset and before 
sunrise, produce that light, more or less feeble according to 
the depression of the sun, called TWILIGHT. 	Immediately after 
sunset the entire visible atmosphere, and all the clouds which 
float in it, are flooded with sunlight, and produce, by reflection, 
an illumination 	little less intense than before the sun had 
disappeared. 	According as the sun sinks lower and lower, 
less and- less of the visible atmosphere receives his light, and 
less and less of it is transmitted by reflection to the surface, 
until at length, and by slow degrees, all reflection ceases, and 
night begins. 
. The same series of phenomena are developed.in an opposite 

order before sunrise in the morning, commencing with the 
first feeble light of dawn, and ending with the full blaze of day 
when the disk of the sun becomes visible! 

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

2+26. Oval form of disks of sun and moon explained. — One 
of the most curious effects of atmospheric 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, one acting above, and the 
other below, tending to compress its vertical diameter, and to 
give it the form of an ellipse, the lesser axis of which is vertical, 
and the greater horizontal.* 

* For an explanation of the great apparent magnitude of the solar and 
lunar disks in rising and setting, see (1170). 

   
  



158 	 ASTRONOMY. 

CHAP. VIE 

ANNUAL MOTION OF THE EARTH. 

2427. Apparent motion of the sun in the heavens. — Inde-
pendently of the motion which the sun has in common with the 
entire firmament, and in virtue of which it rises, ascends to the 
meridian, and sets, it is observed to change its position from 
day to day with relation to the other celestial objects among 
which it is placed. 	In this respect, therefore, it differs essen- 
tially from the stars, which maintain their relative positions for 
months, years, and ages, unaltered. 

If the exact position of the sun be observed from day to day 
and from month to month, through the year, with reference to 
the stars, it will be found that it has an apparent motion among 
them in a great circle of the celestial sphere, the plane of which 
forms an angle of 23° 28' with the plane of the celestial equator. 

2428. Ascertained by the transit instrument and mural 
circle.—This apparent motion of the sun was ascertained with 
considerable precision before the invention of the telescope and 
the subsequent and consequent improvement of the instruments 
of observation. 	It may, however, be made more clearly mani- 
fest by the transit instrument and mural circle. 

If the transit of the sun be observed daily (2402), and its right 
ascension be ascertained (2405), it will be found that from 
day to day the right ascension continually increases, so that the 
circle of declination (2404) passing *brough the centre of the 
sun is carried with the sun round the heavens, making a com-
plete revolution in a year, and moving constantly from west to 
east, or in a direction contrary to the apparent diurnal motion 
of the firmament. 

If the point at which the sun's centre crosses the meridian 
daily be observed with the mural circle (2408), it will be found 
to change from day to day. 	Let its distance from the celestial 
equator, or its declination, be observed (2415) daily at noon. 
It will be found to be nothing on the 21st of March and 21st of 
September, on which days the polar distance of the sun's centre 
will be therefore 90°. 	The sun's centre is, then, on these days, 
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in the celestial equator. 	After the 21st March t'he sun's centre 
will be north of the equator, and its declination will continually 
increase, until it becomes 23°  28' on the 21st June. 	It will 
then begin slowly to decrease, and will continue to decrease 
until 21st September, when the centre of the sun will again be 
in the equator. 	After that it will pass the meridian south of 
the equator, and will consequently have south declination. 	This 
will increase, until it becomes 23° 28' on the 21st December; 
after which it will decrease until the centre of the sun returns 
to the equator on the 21st March. 

By ascertaining the position of the centre of the sun's disk 
from day to day, by means of its right ascension and declination 
(2416), and tracing its course upon the surface of a celestial 
globe, its path is proved to be a great circle of the heavens, in-
clined to the equator at an angle of 23° 28'.  

2429. The ecliptic.—This great circle in which the centre 
of the disk of' the sun thus appears to move, completing its re-
volution in it in a year, is called the ECLIPTIC, because, for 
reasons which will be explained hereafter, solar and lunar 
eclipses can never take place except when the moon is in or 
very near it. 	 , 

2430. The equinoxial points. —The ecliptic intersects the 
celestial equator at two points diametrically opposite to each 
other, dividing the equator, and being divided by it into equal 
parts. 	These are called the EQUINOXIAL POINTS, because, when 
the centre of the solar disk arrives at them, being then in the 
celestial equator, the sun will be equal times above and below 
the horizon (2367), and the days and nights will be equal. 

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

The vernal equinox, therefore, takes place on the 21st March, 
and the-autumnal on the 21st September. 

2432. The seasons. —That semicircle of the ecliptic through 
which the sun moves from the vernal to the autumnal equinox 
is north of the celestial equator; and during that interval the 
sun will therefore (2351) be longer above than below the hori- 
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zon, and will 'pass the meridian above the eqUator in places 
having north latitude. 	The days, therefore, during that half-
year, will be longer than the nights. 

That semicircle through which the centre of the sun moves 
from the autumnal to the vernal equinox being south of the 
celestial equator, the sun, for like reasons, will during that half-
year be longer below than above the horizon, and the days will 
be shorter than the nights, the sun rising to a point of the me-
ridian below the equator. 

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

2433. The solstices. —Those points of the ecliptic which are 
midway between the equinoxial points are the most distant 
from the celestial equator. 	The arcs of the ecliptic between 
these points and the equinoxial points are therefoke 90°. These 
are called the SOLSTITIAL POINTS, and the times at which the 
centre of the solar disk passes through them are called the 
SOLSTICES. 

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

This distance of the summer solstitial point north,'and of the 
winter solstitial point south of the celestial equator is 23° 28'. 

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

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

2434. THE ZODIAC.-It will be shown hereafter that the 
apparent motions of the planets are included within a space of 
the celestial sphere extending a few degrees north and south 
of the ecliptic. 	The zone of the heavens included within these 
limits is called the ZODIAC. 
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2435. The signs of the zodiac.— The circle of the zodiac is 
divided into twelve equal parts, called SIGNS, each of which 
therefore measures 30°. 	They are named from principal con- 
stellations, or groups of stars, which are placed .in or near 
them. 	Beginning from the vernal equinoxial point they are as 
follows : — 

Sign. Sign. 
1. Aries (the ram) - 	- 	- 	'I" ' 7. Libra (the balance) 	- 	- 	:_r_u 
2. Taurus (the bull) 	- 	- 	ri 8. Scorpio (the scorpion) 	- 	IA  
3. Gemini (the twins) 	- 	- 	II 9. Sagittarius (the archer) 	- 	i 
4. Cancer (the crab) 	- 	- 	ca 10. Capricornus (the goat) 	- 	yr 
5. Leo (the lion) 	- 	- 	- 	Tz 11. Aquarius (the waterman) - 	= 
6. Virgo (the virgin) 	- 	- 	rim 12. Pisces (the fishes) 	- 	- 	H 

Thus, the position of the vernal equinoxial point is the FIRST 
POINT OF ARIES, and that of the autumnal the FIRST POINT OF 
LIBRA. 	The summersolstitial point is at the FIRST POINT OF 
CANCER, and the winter at the FIRST POINT OF CAPRICORN. 

2436. The tropics.—The points of the ecliptic at which the 
centre of the sun is most distant from the celestial equator are 
also called the TROPICS,—the northern being the TROPIC OF 
CANCER, and the southern the TROPIC OF CAPRICORN. 

This term TROPIC is also applied in geography to those parts 
of the earth whose distances from the terrestrial equator are 
equal to the greatest distance of the centre of the solar disk 
from the celestial equator. 	The NORTHERN TROPIC is, therefore, 
a parallel of latitude 23° 28' north, and the SOUTHERN TROPIC a 
parallel of latitude 23° 28' south of the terrestrial equator. 

2437. Celestial latitude and longitude.—The terms latitude 
and longitude, as applied to objects on the heavens, have a sig- 
nification different from that given to them when applied to 
places upon the earth. 	The latitude of an object on the 
heavens means its distance from the ecliptic, measured in a 
direction perpendicular to the ecliptic ; and its longitude is the 
arc of the ecliptic, between the first point of Aries and the 
circle which measures its latitude, taken, like tile right ascension, 
according to the order of the signs. 

Thus since the centre of the sun is always on the ecliptic, its 
latitude is always 0°. 	At the vernal equinox its longitude is 
0°, at the summer solstice it is 90°, at the autumnal equinox 
180°, and at the winter solstice 270°. 

2438. Annual motion of the earth.—The apparent annual 
motion of the sun, described above, is a phenomenon whits can 
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only proceed from one or other of two causes. 	It may arise 
from a real annual revolution of the sun round the earth at 
rest, or from a real revolution of the earth round the sun at 
rest. 	Either of these causes would explain, in an equally satis- 
factory manner, all the circumstances attending the apparent 
annual motion of the sun around the Armament. 	There is 
nothing in the appearance of the sun itself which could give a 
greater probability to either of these hypotheses than to the 
other. 	If, therefore, we are to choose between them, we must 
seek the grounds of choice in some other circumstances. 

It was not until the revival of letters that the annual motion 
of the earth was admitted. 	Its apparent stability and repose 
were until then universally maintained. An opinion so long and 
so deeply rooted must have had some natural and intelligible 
grounds. 	These grounds, undoubtedly, are to be found only 
in the general impression, that if the globe moved, and es-
pecially if its motion had so enormous a velocity as must be 
imputed to it, on the supposition that it moves annually round 
the sun, we must in some way or other be sensible of such. 
movement. 

All the reasons, however, why we are unconscious of the real 
rotation of the earth upon its axis (2350) are equally applicable 
to show why we must be unconscious of the progressive motion 
of the earth in its annual course round the sun. 	The motiop 
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 objects4 
which do not participate in the motion imputed to the earth.. 
Now, when we do look abroad at such objects, we find that they 
appear to move exactly as stationary objects would appear to 
move, seen from a moveable station. 	It is plain, then, if it be 
true that the earth really has the annual motion round the sun 
which is contended for, that we cannot expect to be conscious 
of this motion from anything which can be observed on our own 
bodies or those which surround us on the surface of the earth : 
we must look for it elsewhere. 

But it will be contended that the apparent motion of the sun, 
even upon the argument just stated, may equally be explained 
by the motion of the earth round the sun, or the motion of the 
sun round the earth; and that,o therefore, this appearance can 
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still prove nothing positively on this question. 	We have, how- 
ever, other proofs, of a very decisive character. 

Newton showed that it was a general law of nature, and 
part, in fact, of the principle of gravitation, that any two globes 
placed at 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 orbits around that point periodically. 

Now it will appear hereafter that the common centre of 
gravity of the earth and sun, owing to the immense preponder-
ance of the mass of the sun (309), is placed at a point very 
near the centre .of the sun. 	Round that point, therefore, the 
earth must, according to this principle, revolve. 

2139. Motion of light proves the annual 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 fundamentally important and so contrary to the first im-
pressions of mankind, as the revolution of the earth and the 
quiescence of the sun. 	A remarkable evidence of this motion 
has been accordingly discovered in a vast body of apparently 
complicated phenomena which are the immediate effects of such 
a motion, which could not be explained if the earth were at 
rest and the sun in motion, and which, in fine, would be inex-
plicable on any other supposition save the revolution of the 
earth round the sun. 

It has been ascertained, as has been already explained, that 
light is propagated through space with a certain great but de- 
finite velocity of about 192,000 miles per second. 	That light 
has this velocity is proved by the body of optical phenomena 
which cannot 	be explained without imputing to it such a 
motion, and which are perfectly explicable if such a motion be 
admitted. 	Independently of this, another demonstration that 
light moves with this velocity is supplied by an astronomical 
phenomenon which will be noticed in a subsequent part of this 
volume. 

2440. Aberration of light.—Assuming, then, the velocity of 
light, and that the earth is in motion in an orbit round the 
sun with a velocity of about lq miles per second, which must 
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be its speed if it move at all, as will hereafter appear, an effect' 
would be produced upon the apparent places of all celestial ob-
jects by the combination of these two motions which we shall 
now explain. 	 ,.., 	. 

It has been stated .that .  the -apparent 'direction of 'a visible 
object is the directiokfrem which the visa ray entelt the eye. 
Now this direction-will defiend•ori 14, actual.  direction of the 
ray if the-  eye, witich 'receives it'lle- quiesceiiti.lyut if the eye be 
in motion, the sante:effect is produced upon, the .organ of sense 
as if the ray;. -  besides the.  -motion,- Mari' is -proper; to it, had 
another: motion egialeand.c9ittrary to that of the eye. • Thus, if 
light moving. :froth.  4he•norsh. to the .s.euthr with:. a. velocity of 
192,-b00-  mireSpe.r egaind be stiuckty.rin oge nidv.in'g from west 

- to east-'4vith thessame velocity,, t,he -effect proditced% by the-light 
upon, the,organ,yfill be' the ial:fie,' lis .if the. eYez heirin• ,ht rest, 
were sfruelt: liy-the,lIghtliavinger ti3:6-Eivi compounded of two 
equal: inotioris;.-pne .fiom north•to, $mitli, and ,the oilier from east 
to%West. 	Tlie dirictio0:-of this goinPoanctoffed(t.tbuld, by the 
principles of.th 	,cenipcoitioA Of:motion - 17-6), be.egaiyalent to 
d 	-0. 	' f "- .a-  rhotioti frotii"-• the direction. ut. the north- 

.. 	1 	" 	east. ,The objeet.fremikreft th;)ight.comes 

	

4..  ; 	'would, therefore,1;C:apparentl 	displaced, 
\ *- 	A 	and would be--seeit 'MP-1i point,. beyond glint 

..., , 	 tylifch ii really pecupici€:,inr.  the-direction in ,,, . 	Wtich.the exc.:0Z the;:Obaerver 'is moved. 
This displacetnen( is,ealletrAccoriltngly the 

"t.i 	14.131:RaliTION OF.LIGIIT,. 	e 	,• 	 ,... 	.. 
, 	' 	 This May be tnidestin• more evident by 
I 	1 	 . 	, 
1' 	l'l 	the folloWintr -  'node crf illiiiti'atien... Let o, . 	. 	, 	.  
't i • 	 fit: 713.1 be- ..the object' front, which light 

Omes -inkthe-djreation -o 0 p"; ' Let 4 be the 
, 	., 	. 

	

,‘ 
	

place of tliC .gye "of theo-
" 
 olisetv.er when the 

	

' 	light is-at.6,-  and let the efe'be.  supposed to 
-,-- u•-,ti 	move jfi-oni e to •e" in the arrtne time that the . • light "moves •frith ,o.to r.: Leta straight 

' -tobd be'hitagint.iftd..bk.directed from the 
1\,`• 

	

	eye htr4 to tlielight at;  o; Igo that the light 
. shall-be-in. the centre of iti•opening, while 
the tote moves- wii,h the eye from o e to 

e 	' clv", -mentaining. eongthnilythe same direc- 
Fig, 713.' 	.. - ti,:;Ajand.rernaiitineiaillIel to itself: the light . 	. 	. .  
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/in moving from o to e", will pass along its axis, and will arrive 
at e" when the eye arrives at that point. Now it is evident that 
'in this case the direction in which-the object would be visible, 
would be the direction of the aXis, of the tube, so that, instead 
of appearing in the directiou.o.o, whichis its trtledireetion, it 

direction appear in the 	rection 0 I-1 advaned from o.in the di- 
rection of the motion edivithwhich, the observer is aecied. 

The motion of light being.at  the xate oC192,000.mileS. per 
second, and that :of' the :earth (if it- mave at all) 	the rate of 
19 miles per iecoad .(both. these veloeitIF,,s will be .established 
hereafter), it folia.wi,•that• the.  propinItien of lie" -jo-ee" must be 
192,000 jo ..1g.,oi 10100561 	

.
• '  

The 4xott ;or .411r-int.. von .p 00' ,wiii vary:•twith the obhquIty 
of thudirection,ep" of 	observer's .pnition.tothat of th6 visuaj 
ray o e": 	}ball cdses the_rdtio or o" to eel' will be 10,100 to 
1. 	If the.tiireetjoti of otlie=etunh'k:motieii.b.e ciu•kight%fingles to 
the direction_ge.',•of • the 	we 'xba•11 heye:(2 94). tlie .lihje.c.rOl• 

; •   aberration -. 	••• 

' 
_ 	_... 	• 	. 	... 	• 

a- 	. 	2Cig 	05'' 	' 	• 	• = 	- 	-- -4.-. 2017  42.; ,.: 11.-0:60 -  . 	, , 
, 	. 

If the.single 'oe' 1  e l?d, ,otlique, it iyill be necessary to-reduce 
ee"-Y0 its:cm-44'6d ..at••:right single's p'.• v", which is, done by 
rnultipliing. it bY the„trigtqoinetrical sine. oC the obliquity o e" e 
of the direethOn.ortle object tothat 'of the earth's notion,' .If 
this obliquity be exiCieAed'lly.o, 'we shall have ibr the aherra- 
tions in general.; " 	 " 	• •. 	'' '' 	.• • 

• - 	. ' ; .1' . 	. a = 20" .42 'at-Ants& 
According ftp. dig; th;arabflxration 'tonic/. be..greato0 when the 
direction of Xlui eartllls motion is at right angles to,that of the 
object, 'and, 	 t,'idd..docrease•as'etliP angld 0- decreases, being 
nothing •tvheo the ,objet it seen,  in the direotton Ili, whieh the 
earth is'inewingrqr In-extictlyilie contrary.dirsclicp. 	' 	. 

The phenomena may also. by „imagined •fly considering-  that 
the earth, In Xeyo:lyina round 'the sun; t onstan tly_ctlanges the 
direction ,p1 its motipq oliat direction making .complete revo-
lution with the 'earth„it•follotva that tiles effect produced 'upon 
the apparent place of'. a distantl'objectivould ire jicq same cis if 
that object really •revolied mice ip .a..-yeaicreand its true place 
in a circle whop& plane w,ould .be.p.atallel to that of the earth's 
orbit, and whose radios would subtend.ut!the.eartb• anoangle of 
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20"-42, and the object would be always seen in such a circle 
900  in advance of the earth's place in its orbit. 

These circles would be reduced by projection to ellipses of 
infinitely various exceritricities, according to the positi,on 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, ifs apparent path would be ran 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 theheavens, and to affect them 
in precisely the degree and direction ir.  hich would be produced 
by the annual niotiop of-the eartiCronticl the sun. 

As the supposecl.morton of The earth round t14 sun completely 
and satisfactorily explain' This, complicated Vody of phenomena 
called aberration, While the motion of the jun:round the earth 
would 'together fail to explain them, they. afford another 
striking evidence of the annual motion of the 44. f  

2441. Argument from analogy. — In fine, :another argument 
in favour of the earth's annual motion toiind 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 similar 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 mag-
nitude or physical importance, should be a centre roun'd which 
not only the sup, but all the other planets, should revolve. 

2442. Annual parallax. — If the earth be admitted to move 
annually 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 
opposite extremities of the same diameter of such a circle, must 
necessarily, as might be supposed, see these objects in very dif-
ferent directions. 

To comprehend the effect which might be expected to be 
produced upon the apparent place of a distant object by such a 
motion, let E E/ E"E"c fig. 714., represent the earth's annual 
course round the sun as seen in perspective, and let 0 be any 
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distant object visible from the earth. 	The extremity E of the 
line BO, which is the visual direction of the object, being carried 

°- 
with the earth round the circle EE'E"E"', 

	

0 	will annually describe a cone of which 
the base is the path of the earth, and the 
vertex is the place of the object o. While 
the. earth moves round the circle EE", 

	

o 	Oa line of vislial•ditection would there- 
fore have a corresponding motion, and 
the apparent place of the object would 
be successively changed with the chatIge 
of direction of -this line. • If the object 

-be' imagined to be projected by the eye 
•hgen: the firmament, it would trace upon .  
lit 	.path 6 o's o" ow, which would be,  cir- 

. bular:ok.ellirtical; according to the.  di- 
ration "of.thd Abject:? When. the earth 

.is at E, the object-would be seen at o; 
bind when the earth is at E", it would be 
seen at o". 	The extent of this apparent 
displacement of the object would be 
measured by the angle E OE", which the 
diameter E E"  of the earth's path or orbit 
would subtend at the object o. 

•. . 	It-lias been stated that, in general, the 
apparent displacement of a distant visible 
object produced by any change in the 

, 
E 

station from which it is viewed is called 
PARALIAX. 	That which is produced by 

E 	the change of position due to the diurnal 
h 	--'# v motion of the earth being called D1UR - 

Fig. 714. 	NAL PARALLAX, the corresponding dis- 
placement due to the annual motion of the earth is called the 
ANNUAL PARALLAX. 

The greatest amount, therefore, of the annual parallax for 
any proposed object is the angle which the semidiameter of the 
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 subtends at the object. 

Now, as the most satisfactory evidence of the annual motion 
of the earth would be the discovery of this displacement, and 

   
  



168 	 ASTRONOMY. 
successive changes of apparent position of all objects on the 
firmament consequent on such motion, the absence of any such 
phenomenon must be admitted to constitute, prima facie, a for- 
midable argument against the earth's motion. 	. 

2443. Its effects upon the bodies of the solar system apparent. 
-- The effects of annual parallax are observable, and indeed are 
of considerable amount, in the case of all the bodies composing 
the solar system. 	The apparent annual motion of the sun is 
altogether du2 to parallax...The apparent motions of the planets 
and other bodies composing the solar system are the effects of 
parallel, combined with' Ilie real - motions of these various 
bodies. 	' • • 	.. 

244. )3ut erroneously explained by the ancients—Ptolemaic 
system. --li Until the'aqnual motion of the earth was admitted, 
these effects of annual parallax on the apparent motions of the 
solar system were ,ftscriked to a very complicated system of real 
motions of these- bodiekof which the earth was assumed to be 
the stationary 'centre, the sun revolving round it, while at the same 
tinid.tM planets severally revolved round the sun as at moveable 
centre, 'This hypothesis, proposed originally by Apollonius of 
Pergate.Oncien astronomer; seine centuries before the birth of 
Chrisl, rceelired the pan 	be the PTOLEMAIC SYSTEM, having 
been developed 'and explained b PTOLEMY, an Egyptian astro-
nomer who fioucillied in the second century, and whose work, 
entitled " Syttnx.t' obtained 	eat celebrity, and for many cen- 
turies 'col4iruttrllo.:).i receiiedas the standard of astronomical 
science.' 	, 

Althong V,Aagoras had thioavn out the idea that the annual 
motion of the:itui 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 
prevented this happy anticipation of future and remote dis-
covery from .receiving the attention it merited; and Aristotle, 
less sagacious than Pythagoras, lent the great weight of his 
authority to the contrary hypothesis, which was accordingly 
adopted universally by the learned world, and continued to 
prevail, until it was overturned in the middle of the sixteenth 
century by the celebrated Copernicus, who revived the Pythago-
rean hypothesis of the stability of the sun and the motion of 
the earth.  

2445. Copernican system. —The hypothesis proposed by hrm 
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.in a work entitled "De Revolutionibus Orbium CcelestiuM," 
published in 1543, at the moment of his death, is that since 
known as the COPERNICAN SYSTEhr, and, being now established 
upon evidence sufficiently demonstrative to divest it of its hy-
pothetical character, is admitted as the exposition of the actual 
movements by which that part of the universe called the solar 
system is affected. 	 . 

2446. Effects of annual parallax of the stars. —The greatest 
difficulty against which the Copernic,in 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 suellicountless 
numbers over every part of the firniamento  From w *Mit has 
been explained, it will be, perceived tbat;suPposing.theie .bodies 
to be, as they evidently must be, placed at /est distances out-
side the limits of the solar,system ayd in every imaginable 
direction around it, ibe effects of annual parallax would be-to 
give to each pf them an apparent annual. motion in,a circle or 
ellipse, nccordipg.to their direction in .relation to the po'sitign of 
the earth in its orbit, the ellipse prying in jis.eeeentricitk with 
this position, and the diameter, of the 'e itcle...pr,majth' axis of the 
ellipse being detetmined by the antle,W144i 41e, diameter E E" 
(fig. 714.) of the earth's orbit snbtelids'at-Ili 	slit; 'being less 
the greater the distance of the stare  and piCev610. 	The appa- 
rent position of the star in this circle-or ,ellipse waulc) be evi-. 
dently always in the plane passidg throliglkthe.s,tarlind the line 
joining the sun and earth. 	* 

2447. Close resemblance of these toe abermttion.—Ni;Vv, it 
will be apparent, that such phenomena beat a very close resem- 
blance to those of aberration already described (2440.). 	In 
bOth the stars appear-to move annually in small circles when 
situate 90° from the ecliptic; in botk 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 ellipses flatten into their transverse 
axis when the object is actually in the ecliptic. 

2448. Yet aberration cannot arise from parallax. — Not-
withstanding this close correspondence, the phenomena of aber- 
rat2n are utterly incompatible with the effects of 	annual 
partillax, 	The apparent displacement produced by aberration 
is always in the direction of the earth's motion, that is to say, 

in. 	 I 
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in the direction of the tangent to the earth's orbit at the point 
where the earth happens to be placed. 	The apparent displace- 
ment due to parallax would, on the contrary, be in the direction 
of the line joining the earth and sun. The apparent axis of the 
ellipse or diameter of the circle of aberration is exactly the same, 
that is 20".42, for all the stars; while the apparent axis of the 
ellipse or diameter of the circle due to annual parallax would be 
different for stars at different distances, and would vary, in fact, 
in the inverse ratio of the distance of the star, and could not 
therefore be the same for all'stars whatever, except on the sup-
position that all stars are at the same distance from the solar 
system, a supposition that pannbt be entertained. 

2449. General absence of parallax explained by great dis-
tance.—Since, then, with two or three exceptions, which will 
be noticed hereafter, no traces of the effects of annual parallax 
have been discovered among the innumerable fixed stars by 
which the solar system is surrounded, and since, nevertheless, 
the annual motion of the earth in its orbit rests upon a body of 
evidence and is supported by arguments .which must be re-
garded as conclusive, •the absence of parallax can only be 
ascribed to the fact that the stays generally are placed at dis-
tances from the solar system compared with which the orbit 
of the earth shrinks into a point, and therefore that the motion 
of an observer round this orbit, vast as it may seem compared 
with all our familiar standards of magnitude, produces no 
more apparent displacement of a fixed star than the motion of 
an animalcule round a grain of mustard seed would produce 
upon the apparent direction of the moon or sun. 

We shall return to the subject of the annual parallax of the 
stars in a sUbsequent chapter. 

2450. The diurnal and annual phenomena explainedZy the 
two motions of the earth.—Considering, then, the annual re-
volution of the earth, as well as its diurnal rotation, established, 
it remains to show how these two motions will explain the 
various phenomena manifested in the succession of seasons. 

While the earth revolves annually round the sun, it has a 
motion of rotation at the same time upon a oertain diameter as 
an axis, which is inclined from the perpendicular to its orbit at 
an angle of 23° 28'. 	During the annual motion of the earth 
this diameter keeps continually parallel to the same direction, 
and the earth completes its revolution upon it in twenty-three 

   
  



ANNUAL MOTION OF THE EARTH. 	171 

hours and fifty-six minutes. In consequence of the combination 
of this motion of rotation of the earth• upon its axis with its 
annual motion round the sun, we are supplied with the altetna- 
tions of day and night, and the succession of seasons. 

When the globe of the earth is in such a position that its 
north pole leans toward. ,the sun., the greater portion of its 
northern hemisphere ik enlightened, and the ireater portion of 
the southern hemisphere is dark. 	This position is represented 
in fig. 715., where x is' the north pole, and s the south pole. 

Nr IT 
11.1.1e, A. Ix  

,1/ A  ° 	'It/II 
...Vt Vir .4 	. - 	- :. .4 • . 	r" 

Fig 715. 	Fig. 716. 
The days are therefore longer than the nights in the northern 
hemisphere. 	The reverse is the case with the southern hemi- 
sphere, for there the greater segments 'of the parallels are dark, 
and the lesser segments enlightened ; the days are therefore 
shorter than the nights. 	Upon the equalor, however, at 4E, the 
circle of the earth is equally divided, and the days and nights 
are equal. 	When the south pole leans toward the sun, which 
it does exactly at the opposite point of the earth's annual orbit, 
circumstances are reversed : then the days are longer than the 
nights in the southern hemisphere, and the nights are longer 
than the days in the northern hemisphere. 	At the intermediate 
points of the earth's annual path, when the axis assumes a posi- 
tion perpendicular to the direction of the sun, fig. 716., then 
the circle of light and darkness passes through the poles; all 
parallels in every part of the earth are equally divided, and 
there is consequently equal day and night all over the globe. 

In the annexed perspective diagram, fig. 717., these four 
positions of the earth are exhibited in such a manner as to be 
clearly intelligible. 

On the day of the 21st of June, the north pole is turned in 
the direction of the sun ; on the 21st of December, the south 
pole is turned in that direction. 	On the days of the equinoxes, 
the axis of the earth is at right angles to the direction of the 
sun, and it is equal day and night everywhere on the earth. 

t2 
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The annual variation of the position of the sun with reference 
to the equator, or the changes of its ,declination, are explained 
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by these motions. 	The summer solstice—the time when the 
sun's distance from the equator is the greatest — takes place 
when the north pole leans toward the film ; 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 themselves it is vertical once a year. 	In all higher 
latitudes the point at which the sun passes the meridian daily 
alternately approaches to and recedes from the zenith. 	From 
the 21st of December until the 21st of June, the point continu- 
ally approaches the zenith. 	It comes nearest to the zenith on 
the 21st ot June; and from that day until the 21st of December, 
it continually recedes from the zenith, and attains its lowest 
position on the latter day. 	The difference, therefore, between 
the meridional altitudes of the sun on the days of the summer 
and winter solstices at all places mill 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 meri-
dional altitude which determine the influence of the sun in 
different places, 
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2451. Mean solar or civil time. —It has b 	n explained that 
the rotation of the earth upon its axis is rigorous 	uniform, and 
is the only absolutely uniform motion among th 	many and 
complicated motions observable on the heavens. 	T'is quality 
would render it a highly convenient measure of time, a d it is 
accordingly adopted for that purpose in all observatories. 	The 
hands of a sidereal clock move in perfect accordance with 	he 
apparent motion of the firmament. 

But for civil purposes, uniformity of motion is not the only 
condition which must be fulfilled by a measure of time. 	It is 
equally indispensable that the intervals into which it divides 
duration should be marked by conspicuous and universally ob- 
servable phenomena. 	Now it happens that the intervals into 
which the diurnal revolution of the heavens divides duration, 
are marked by phenomena which astronomers alone can witness 
and ascertain, but of which mankind in general are, and must 
remain, altogether unconscious. 

2452. Civil day — noon and midnight. — For the purposes 
of common life, mankind by general consent has theretbre 
adopted the interval between the successive returns of the centre 
of the sun's disk to the meridian, as the unit or standard mea- 
sure of time. 	This interval, called a civIr. DAY, is divided into 
24 equal parts called uouus, which are again subdivided into 
minutes and seconds as already explained in relation to sidereal 
time. 	The hours of the civil day, however, are not counted 
from 0 to 24 as in sidereal time, but are divided into two equal 
parts of 12 hours, one commencing when the centre of the sun 
is on the meridian, the moment of which is called Nom 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 adopted as 
the commencement of one day, and the end of the other. 

24.53. Difference between mean solar and sidereal time. — 
A solar day is evidently longer than a sidereal day. 	If the sun 
did not change its position on the firmament, its centre would re-
turn to the meridian after the same interval that elapses between 
the successive transits of a fixed star. 	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 
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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 declination on which the centre of the sun 
is placed ,tit noon on one day returns to the meridian the next 
day, th,e(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 
n9ft'consequently come to the meridian until a few minutes later, 
;when this other circle of declination, by the diurnal motion of 

'i  the heavens, shall come to coincide with the meridian. 
Hence the solar day is longer than the sidereal day. 
2454. Dyference between apparent noon and mean noon. — 

But since, from the cause just stated and another which will be 
presently explained, the daily increase of the sun's right as-
cension is variable, the difference between a sidereal day and 
the interval between the successive transits of the sun is like-
wise variable, and thus it would follow that the solar days would 
be more or less unequal in length. 

2455. Mean solar time— Equation of lime. — Hence has 
arisen an expedient adopted for civil purposes to efface this 
inequality. 	An imaginary sun is conceived to accompany the 
true sun, making the complete revolution of the heavens with 
a rigorously uniform increase of right ascension from hour to 
hour, while the increase of right ascension of the true sun thus 
varies. 	The time measured by the motion of this imaginary 
sun is called MEAN SOLAR TIME, and the time measured by the 
motion of the true sun is called APPARENT SOLAR TIME. 

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

The 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 apparent time is never considerable. 

The time indicated by a sun-dial is apparent time, that 
indicated by an exactly regulated clock or watch is mean 
time. 

The correction to be applied to apparent time, to reduce it 
to mean time, is often engraved on sun-dials, where it is stated 
bow much "the sun is too fast or too slow." 

2456. Distance of the sun. — Although the problem to de-
termine with the greatest practicable precision the distance of 
the sun front the earth is attended with great difficulties, many 
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phenomena of easy observation supply the means of ascertaining 
that this distance must bear a very great proportion to the 
earth's diameter, or must be such that, by comparison with it, a 
line 8000 miles in length is almost a point. 	If, for example, 
the apparent distance of the centre of the sun from any fixed 
star be observed simultaneously from two places upon the earth, 
no matter how far they are apart, no difference avill be dis-
covered between them, unless means of observation susceptible 
of extraordinary precision be resorted to. 	The expedients by 
which, the apparent displacement of the sun's centre by a change 
of position of the observer from one extremity of a diameter 
of the earth to the other, or, what is the same, the apparent 
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 
diameter of the earth, we can calculate the distance of the sun 
by the rule explained in 2298. 	If r express the distance of the 
sun, and a the diameter of the earth, we shall have 

r= 2,062
172 

,650 x a — 11,992 x 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 
niust 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 ha.4 been 

adopted as the unit or standard, with reference to which astro-
nomical distances generally are expressed, it is of the highest im-
portance to ascertain its value with the greatest precision which 
our means ot'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 
Linke that when the earth is at its mean distance from the sun, 
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the semidiameter of the terrestrial equator subtends at the sun 
an angle of 8".5776. This is therefore' the mean equatorial ho-
rizontal parallax of the sun ; and if r express the semidiameter 
of the equator, and n the mean distance of the earth from the 
sun, we shall therefore have 

206265 24047 D—  8 5776 x r= 	x r, .  

and since the semidiameter of the equator measures 3962.8 
miles (2389), it follows that 

D = 95,293,452. 
Since all the numerical results of observation and measurement 
are liable to some amount of error, it is important, when pre-
cision is required, to know the limit of this error, in order to 
appreciate the extent to which such results are to be relied 
upon. 	In all cases this is possible, a major and minor limit 
of the computed or observed quantity being assignable, which 
cannot be exceeded. 	In the present case the value of n cannot 
vary from the truth by more than its three-hundredth part ; 
that is to say, the actual mean distance of the earth from the 
sun, or the semiaxis major of the orbit, cannot be greater than 

95,293,952 + 117,645 = 95,411,097 miles, 
or less than 

95,293,452-117,695 = 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=466 miles. 
206,265 

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 3651 days, its daily apparent motion must be 59'.14, 
or 3548", which being about twice the sun's apparent diameter, it 
is easy to remember that the disk of the sun appears to move in 
the firmament daily over a space nearly equal to twice its own 
apparent diameter. 	Its hourly apparent motion is 

• 
3548"._ 147".8. 

24 
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Since 1" at the sun's distance is equal to 466 miles, and since 
the real orbitual motion is equal to that which the sun would 
have if it moved round the earth in a year, it follows that the 
daily orbitual motion of the earth is 

3548 x 466=1,653,368 miles, 
and its motions per hour, minute, and second, are 

68,890 miles per hour, 
1,148 miles per minute, 

._ 	 191 miles per second. 

2459. Orbit of the earth elliptical. — In what precedes, we 
have considered the path of the earth around the sun, called by 
astronomers its °Rau, to be a circle, in the centre of which the 
centre of the sun is placed. 	This is nearly true, but not ex- 
actly so, as will appear from the following observed phe-
nomena. 

Let a telescope supplied with the micrometric wires described 
in 2317, be directed to the sun, and the wires so adjusted that 
they shall exactly touch the upper and lower limbs, as in fig. 
718. 	Let the observer then watch from day to day the appear- 

= = 0 
Fig. 718. 	 Fig. 719. 	 Fig. 720. 

ante of the sun and the position of the wires; he will find that, 
after a certain time, the wires will no longer touch the sun, but 
will perhaps fall a little within it, as represented in fig. 719. 
And after a further lapse of time, he will find, on the other 
hand, that they fall a little without it, as in fig. 720. 

Now, as the wires throughout such a series of observations 
are maintained always in the same position, it follows that 
the disk of the sun must appear smaller at one time, and larger 
at another—that, in fact, the apparent magnitude of tile 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 pos- 
sible to imagine that the sun really undergoes a change in its 
size? 	This idea would, under any circumstances, be absurd ; 
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but when we have ascertained, as we may do, that the change 
of apparent magnitude of the sun is regular and periodical —
that for one half of the year it continually diminishes until it 
attains a 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 beco'mes altoge-
ther incredible. 

If then, an actual change in the magnitude of the sun be im-
possible, there is but one other conceivable cause for the change 
in its apparent magnitude — which is, a corresponding change 
in the earth's distance from it. 	If the earth at one time be 
more remote than at another, the sun will appear proportionally 
smaller. This is an easy and obvious explanation of the changes 
of appearance that are observed, and it has been demonstrated 
accordingly to be the true one. 

On examining the change of the apparent diameter of the 
sun, it is found that it is least on the 1st of July, and greatest 

• on the 31st of December; that from December to July, it 
. regularly 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 versa (1118), the variation of the distance of the earth 
from the sun in every position which it assumes in its orbit 
can be exactly ascertained. 	A plan of the form of the orbit 
may therefore be laid down, having the point occupied by the 
centre of the sun marked in it. 	Such a plan provd on geo- 
metric examination to be an ellipse, the place of the sun being 
one of the foci. 

2460. Method of describing an ellipse — its foci, axis, and 
eccentricity. — V the ends of a thread be attached to two points 
less distant from each other than its entire length, and a pencil 
be looped in the thread, and moved round the points, so as to 
keep the thread tight, it will trace an ellipse, of which the two 
points are the FOOL 

The line drawn joining the foci, continued in both directions 
to the ellipse, is called its TRANSVERSE, or ntaJort AXIS. 

Another line, passing through the middle point of this at right 
angles to it, is called its MIlsTOR AXIS. 

The middle point of the major axis is called the CENTRE of 
the ellipse. 
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The fractional or decimal number which expresses the 'dis- 
tance of the focus from the centre, the semiaxis major being 
taken as the unit, is called the eccentricity of the ellipse. 

In fig. 721., C is the centre, s 

tt1111 and s' the foci, A B the trans- 
verse axis. 

A 	The less the ratio of 8s' to A B, 
B 	or, what is the same, the less the yr eccentricity is, the more nearly 

the form of the ellipse approaches 
to that of a circle, and when the 

... foci actually coalesce, the ellipse 
Fig. 721. 	becomes an exact circle. 

2461. Eccentricity of the earth's orbit. —The eccentricity of 
the elliptic. orbit of the earth is so small, that if an ellipse, re- 
presenting truly that orbit, were drawn upon paper, it would 
be distinguishable from a circle only by submitting it to exact 
measurement. 	The eccentricity of the orbit has been ascer- 
tained to be only 0.01679. 	The semiaxis major, or mean dis- 
tance, being 1.0000, the greatest and least distances of the earth 
from the sun will be — 

B S = 1•0000 + 0.01679 = 1.01679 
A s = 1'0000 —. 0'01679 = CP98321. 

The difference between 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 nearest to, and most distant from, 
the sun, are called PERIHELION and APHELION. 

The positions of these points are ascertained by observing 
the places of the sun when its apparent diameter is greatest 
and least. 

It is evident from what has been stated that the earth is in 
aphelion on 1st July, and in perihelion on 1st January. 

Contrary to what might be expected, therefore, the earth is 
more distant from the sun in summer than in winter. 

2463. Vatlations of temperature through the year. —The 
succession of spring, summer, autumn, and winter, and the 
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variations of temperature of the seasons—so far as these vari-
ations depend on the position of the sun—will now require to 
be explained. 

The influence of the sun in heating' a portion of the earth's 
surface, will depend partly on its altitude above the horizon. 
The greater that altitude is, the more perpendicfilarly the rays 
will fall, and the greater will be their calorific effect. 

To explain this, let us suppose A B C D, fig. 722., to re- 
P 	D 	 A 	present a beam of the solar 

light; let CD represent a por- 
tion of the earth's surface, 

 	upon which the beam would 
 	fall perpendicularly; and let 

f 
. 

the same number 
but the surface 
will necessarily 
heating power 
it follows that 
proportion as 
two surfaces 
dicularly, let 
obliquity than 
and therefore 
less dense, and 

The calorific 
oblique to their 
tionably less. 

If the sun 
perpendicularly, 
than when thd 

The greater 
obliquely will 
surface at noon, 
power. 	So 
altitude of the 
its meridian 

Hence it is 
the equator. 
height to which 

- 	a 	c E represent that portion on 
Fig. 722. 	 which it would fall obliquely; 

of rays will strike the surfaces c D and c E ; 
c E being obviously greater than c D, the rays 
fall more densely on the latter : and as the 

must be in proportion to the density of the rays, 
c D will be heated more than c n in just the same 
c E is greater than c D. But if We would compare 
on neither of which the sun's rays fall perpen- 
us take C E and c F. 	They fall on c B with more 

on c F ; but c E is evidently greater than C F, 
the rays, being diffused over a larger surface, are 

therefore less effective in heating. 
effect of the sun's rays on a surface more 
direction than another will then be propor- 

be in the zenith, its rays will strike the surface 
and the heating effect will therefore be greater 

sun is• in any other position. 
the altitude to which the sun rises, the less 

be the direction in which its rays will strike the 
and the more effective will be their heating 

far, then, as the heating, power depends on the 
sun, it will be increased with every increase of 

altitude. 
that the heat of summer increases as we approach 
The lcwer the latitude is, the greater will be the 

the sun will rise. 	The meridian altitude of 
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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. 

But this is not the only cause which produces the greatly 
superior heat of summer as compared with winter, especially in 
the higher latitudes. 	The heating effect of the sun depends not 
alone on its altitude at midday; it also depends on the length of 
time which it is above the horizon and below it. 	While the 
sun is above the horizon, it is continually imparting heat to the 
air and to the surface of the earth ; and while it is below the 
horizon, the heat is continually being dissipated. 	The longer, 
therefore,—other things being the same,—the sun is above the 
horjzon, and the shorter time it is below it, the greater will be 
the amount of heat imparted to the earth every twenty-four 
hours. 	Let us suppose that between sunrise and sunset, the 
sun, by its calorific effect, imparts a certain amount of heat to 
the atmosphere and the surface of the earth, and that from 
sunset to sunrise a certain amount of this heat is lost: the 
result of the action of the sun will be found by deducting the 
latter from the former. 

Thus, then, it appears that the influence of the sun upon the 
seasons depends as much upon the length of the days and nights 
as upon its altitude; but it so happens that one of these cir- 
cumstances depends upon the other. 	The greater the sun's 
meridional altitude is, the longer will be the days, and the 
shorter the nights; and the less it is, the longer will be the 
nights; and the shorter the days. 	Thus both circumstances 
always conspire in producing the increased temperature of 
summer, and the diminished temperature of winter. 

2464. Why the longest day is not also the hottest.—The dog. 
days.--A difficulty is sometimes felt when the operation of these 
causes is considered, in understanding how it happens that, 
notwithstanding what has been stated, the 21st of June—when 
the sun rises the highest, when the days are longest and the 
nights shortest — is not the hottest day, but that, on the con-
trary, the dog-days, as they are called, which comprise the 
hottest weather of the year, occur in August; and in the same 
manner, the 21st of December—when the height to which 
the sun rises is least, the days shortest, and the nights longest 
—is not usually the coldest day, but that, on the other hand, 
the most inclement weather occurs at a later period. 
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To explain this, so far as it depends on the position of the 
sun and the length of the days and nights, we are to consider 
the following circumstances :— 

As midsummer approaches, the gradual increase of the tem-
perature of the weather has been explained thus: The days 
being considerably longer than the nights, the quantity'of heat 
imparted by the sun ditring the day is greater than the quan-
tity lost during the night ; and the entire result during the 
twenty-four hours gives an ...increase of heat. 	As this aug- 
mentation'takes place after each successive day and night, 
the general temperature continues to increase. 	On the 21st 
of June, when the day is longest, and the night is shortest, 
and the sun rises highest, this augmentation reaches its maxi-
mum ; but the temperature of the weather does not therefore 
cease to increase. 	After the 21st of June, there continues to 
be still a daily augmentation of heat, for the sun still continues 
to impart more heat during the day than is lost during the 
night. 	The temperature of the weather will therefore only 
cease to increase when, by the diminished length of the day, the 
increased length of the night, and the diminished meridional 
altitude of the sun, the heat imparted during tile 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 reason-
ing would lead to the conclusion that the weather would con-
tinue to increase in its temperature, until the length'of the 
days would become equal to the length of the nights; and such 
would be the case, if the loss of heat per hour during the night 
were 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. 

The same reasoning will explain why the coldest weather 
does not usually occur on the 21st of December, when the day 
is shortest and the night longest, and when the sun attains the 
lowest meridional altitude. 	The decrease of the temperature 
of the weather depends upon the loss of heat during the night 
being greater than the gain during the day; and until, by the 
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increased length of the day and the diminished length of the 
night, these effects are balanced, the coldest weather will not 
be attained. 

These observations must be understood as applying only so 
far as the temperature of the weather is affected by the sun, 
and by the length of the days and nights. 	There are a variety 
of other local and geographical causes which interfere with 
these effects, and vary them at different times and places. 

On referring to the annual motion of the earth round the 
sun, it appears that the position of the sun within the elliptic 
orbit of the earth is such that the earth is nearest to the sun 
about the let 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 1st of July. 
If this were admitted, it would follow that the annual motion 
of the earth in its elliptic orbit would have a tendency to 
diminish the cold of the winter in the northern hemisphere, • 
and mitigate the heat of summer, so as to a certain extent to 
equalise the seasons; 	and, on the contrary, in the southern 
hemisphere, where the 1st of January is in the middle of sum- 
mer and the 1st of July 	the middle of winter, its effects 
would be to aggravate the cold in winter and the heat in sum- 
mer. 	The investigations, however, which have been made in 
the physics of heat, have shown that that principle is governed. 
by laws which counteract such effects. 	Like the operation of 
all other physical agencies, the sun's calorific power requires a 
definite time to produce a given effect, and the heat received 
by the earth at any part of its orbit' will depend conjointly on 
its distance from the sun and the length of time it takes to 
traverse that portion of its orbit. 	In fact, it has been ascer- 
tained that the heating power depends as much on the rate at 
which the sun changes its longitude as upon the earth's distance 
from it. 	Now it happens that, in consequence of the laws of 
the planetary motions, discovered by Kepler, and explained by 
Newton, when the earth is most remote from the sun, its ve-
locity is least, and consequently the hourly changes of longitude 
of the sutraill be proportionally less. 	Thus it appears that 
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what the heating power loses by augmented distance, it gains 
by diminished velocity; and again, when the earth is nearest to 
the sun, what it gains by diminished distance, it loses by in- 
creased speed. 	There is thus a complete compensation produced 
in the heating effect of the sun, by the diminished velocity of 
the earth which accompanies its increased distance. 

This period of the year, during which the heat of the weather 
is usually most intense, was called the CANICULAR DAYS, or 
DOG DAYS. 	These days were generally reckoned as forty, 
commencing about the 3rd of July, and received their name 
from the fact, that in ancient times the bright star Sirius, in 
the constellation of Canis major, or the great dog, at that time 
rose a little before the sun, and it was to the sinister influence 
of this star that were ascribed the bad effects of the inclement 
heat, and especially the prevalence of madness among the 
canine race. 	Owing to a cause which will be explained here-
after (the precession of the equinoxes), this star no longer rises 
with the sun during the hot season. 

CHAP. IX. 
THE MOON. 

2465. The moon an object of popular interest —Although it be 
in mere magnitude, and physically considered, one of the most 
insignificant bodies of the solar system, yet for various reasons 
the MOON has always been regarded by mankind with feelings 
of profound interest, and has been invested by the popular 
mind with various influences, affecting not only the physical 
condition of the globe, but also the phenomena of the organised 
world. 	It has been as much an object of popular superstition 
as of scientific observation. 	These circumstances doubtless are 
in sonic degree owing to its striking appeaiance in the firma-
ment, to the various changes of form to which it is subject, 
and 	above all to its proximity to the earth, and the close 
alliance existing between it and our planet. 

2466. Its distance. — The distance of the moon is computed, 
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by the method explained in 2328, 	by first ascertaining its 
horizontal parallax. 

s 	 s 	Let E and E', fig. 723., be the opposite _—'. 	___ 
ends of a diameter of the earth, and let 31 
be the place of the moon's centre. 	Let s 
be any conspicuous star seen near the moon 

• in the heavens, in the plane of the points 
E, E', and Ar. 	The apparent distance of 
this star from the moon's centre is ss to 
an observer at a, and it is 8s' to an ob- 
server at a'. 	The difference of these dis- 
tances s's is the arc of the heavens which 
measures the angle sus' or, what is the 
same, the angle Eli II', under which the 
diameter E E' of the earth would be seen 
from the moon. 

Now the arcs ss and ss' can be and 
have been measured, and their mean differ-
ence cc' has been ascertained to be 114'12" 
= 6852", subject to 	a slight variation 
from a cause which will presently be ex-
plained. 

It appears, from 'what has been ex-
plained in 2327, that half the angle Eats' 

. 	E 	n 	is the moon's horizontal parallax, which is 
therefore 57' 6" = 3426". 

Fig. 723. 	The moon's distance 	therefore, 	com- 
puted by the formula explained in 2328, is 

206265 ME = 	— X r= 60.2 x r. —3,05 
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, as appears by more exact computation, 237,630 miles. 

2467. Linear value of 1" on it. — Having thus ascertained 
the moon's distance, we are enabled, by the method explained 
in 2319, to 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 
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237630 — 115 mile. 
206265 

By this formula any space upon the moon, measured by its 
visual angle, can be reduced to its actual linear value, provided 
its direction be at right angles to the visual ray, which it will 
be if it be at the centre of the lunar disk. 	If it be between the 
centre and the edges it will be foreshortened by the obliquity 
of the moon's surface to the line of vision, and, consequently, 
the linear value thus computed will be the real linear value 
diminished by projection, which, however, can be easily allowed 
for so that the true linear value can be obtained for every part 
of the lunar disk. 

2468. Its apparent and real diameter.— The apparent dia-
meter of the moon is subject to a slight variation, owing to a 
corresponding variation due to the small ellipticity of its orbit. 
Its mean value is found to be 31' 7" or 1867". 

By what has just been established (2392), therefore, its real 
diameter must be 

1867 x 115 = 2147 miles. 	, 
More exact methods give 21.53 miles. 

Since the superficial magnitude of spheres is as the squares, 
and their volume or solid bulk as the cubes, of their diameters, 
it follows that the superficial extent of the moon is about the 
fourteenth part of the surface, and its volume about the 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 con-
trary to that of the diurnal motion. Its apparent path is a great 
circle of the sphere, inclined to the ecliptic at an angle of about 
.5°- 8' 48". 	It'completes its revolution of the heavens in 27d.  
7b. 44m. 

This apparent motion is explained by a real motion of the 
moon round the earth at the mean distance above mentioned, 
and in the time in which the apparent revolution is completed. 

2470. Hourly motion, apparent and real.— Since the time 
taken by the moon to make a complete revolution, or 360° of 
the heavens, is 27d: 7h. 41m. or 6551'13, it follows, that her 
mean apparent motion per day is 13° 10' 35", 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 
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therefore be remembered by the fact, that she moves over the 
length of her own apparent diameter in an hour. 

Since the linear value of 1" at the moon's distance is 1.15 
mile, the linear value of 1' is 6.9 miles, and, consequently, the 
real motion of the moon per hour in her orbit, is 

6.9 x 32.9 = 227 miles. 
Her orbitual motion is therefore at the rate of 3.8 miles per 
minute. 

2471. Orbit elliptical. — Although in its general form and 
character, the path of the moon round the earth is, like the 
orbits of the planets and satellites, circular, yet when submitted 
to accurate observation, we find that it is strictly an ellipse or 
oval, the centre of the earth occupying one of its foci. 	This 
fact can be ascertained by immediate observation upon the ap- 
parent magnitude of the moon. 	It will be easily comprehended 
that any change which the apparent magnitude, as seen from 
the earth, undergoes, must arise from corresponding changes in 
the moon's distance from us. 	Thus, if at one time the disk of 
the moon appears larger than at another time, as it cannot be 
supposed that the actual size of the moon itself could be changed, 
we can only ascribe the increase of the apparent magnitude to 
the diminution of its distance. 	Now we' find by observation 
that such apparent changes are actually observed in its monthly 
course around the earth. 	The moon is subject to a small 
though perceptible variation of apparent size. 	We find that it 
diminishes until it reaches a minimum, and then gradually in-
creases until it reaches a maximum. 

When the apparent magnitude is least, it is at its greatest 
I distance, and when greatest, at its least distance. 	The positions • .. Ini. which these distances lie are directly opposite. 	Between 
/these two positions the apparent size of the moon undergoes a 
regular and gradual change, increasing continually from its mi-
nimum to its maximum, and consequently between these posit  
tions its distance must gradually diminish from its maximum 
to its minimum. 	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 pJace of the earth being nearer to one end of the 
oval than the other. 

2472. Moon's apsides — apogee and perigee — progression of 

   
  



1S8 	 ASTRONOMY. 

the upsides. — The point of the moon's path in the heavens at 
which its magnitude appears the greatest, and when, therefore, 
it is nearest the earth, is called its perigee; and the point where 
its apparent size is least, and where, therefore, its distance from 
the earth is greatest, is called its apogee. 	These two points are 
called the moon's apsides. 

If the positions of these points in the heavens be observed 
accurately for a length of time, it will be found that they are 
subject to a regular change ; that is to say, the place where the 
moon appears smallest will every month shift its position ; and 
a corresponding change will take place in the point where it 
appears largest. 	The movement of these points in the heavens 
is found to be in the same direction as the general movement of 
the planets ; that is, from west to east, or progressive. 	This 
phenomenon is called the PROGRESSION ON THE ➢IOON'S AP-. 
SIDES. 

The rate of this progression of the moon's apsides is 40°  68' 
in a tropical or common year, being equivalent to 6' 41" per 
day. 	They consequently make a complete revolution in 8-8.5 
years.  

2473. Moon's nodes — ascending and descending node—their 
retrogression. — 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 posi- 
tion is the node. 	The node at which the moon passes from 
the south to the north of the ecliptic is called the ascending node, 
and that at which it passes from the north to the south is 
called the descending note. 

These points, like the upsides, are subject "to a small change 
of position, but in a retrogade direction. 	They make a com- 
plete revolution of the ecliptic in a direction contrary to the 
Motion of the sun in 18.6 years, being at the rate of 3' 10"•G 
per day. 

2474. Rotation on its axis—While the moon moves round the 
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earth thus in its monthly course, we find, by observations of its 
appearance, made even without the aid of telescopes, that the 
same hemisphere is always turned towards us. 	We recognise 
this fact by observing that the same marks are always seen in 
the same positions upon it. 	Now in erder that a globe which 
revolves in a circle around a centre should turn continually the 
same hemisphere toward that centre, it is necessary that it 
should make one revolution upon its axis in the time it takes so 
to revolve. 	For let us suppose that the globe, in any one posi- 
tion, has the centre round which it revolves north of it, the 
hemisphere turned toward the centre is turned toward the north. 
After it makes a quarter of a revolution, the centre is to the east 
of it, and the hemisphere which was previously turned to the 
north must now be turned to the east. After it has made another 
quarter of arevolution the centre will be south of it, and it must 
be now turned to the south. 	In the same manner, after another 
quarter of a revolution, it must be turned to the west. 	As the 
same hemisphere is successively turned to all the points of the 
compass in one revolution, it is evident that the globe itself 
must make a single revolution on its axis in that time. 

It appears, then, that the rotation of the moon upon its axis, 
being equal to that of its revolution in its orbit, is 27d. 7h. 44m. 
or 655t'• 44m. 	The intervals of light and darkness to the inha- 
bitants of the moon, if there were any, woukd then be altogether 
different from those provided in the planets; there would be 
about 327 h.  52m. of continued light alternately with 327h..52m. 
of continued darkness; the analogy, then, which, as will hereafter 
appear, prevails among the planets with regard to days and 
nights, and which forms a main argument in favour of the con-
elusion that they are inhabited globes like the earth, does not 
hold good in the case of the moon. 

2475. Inclination of axis of rotation.—Although as a general 
proposition it be true that the same hemisphere of the moon is 
•always turned toward the earth, yet there are small variations at 
the edge called librations, which it is necessary to notice. 	The 
axis of the moon is not exactly perpendicular to its orbit, but is 
inclined at the small angle of 1° 30' 10'48. 	By reason of this in. 
clination, the northern and southern poles of the moon lean alter-
nately in a slight degree to and from the earth. 

2476. Libration in latitude.—When the north pole leans 
-.. towards the earth, we see a little more of that region, and a little 
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less when it leans the contrary way. 	This variation in the 
northern and southern regions of the moon visible to us, is 
called the LIBRATION IN LATITUDE. 

2477. Libration in longitude. — In order that in a strict 
sense the same hemisphere should be continually turned to-
ward the earth, the time of rotation upon its axis must not only 
be equal the time of rotation in its orbit, which in fact it is, but 
its angular velocity on its axis in every part of its course, must 
be exactly equal to its angular velocity in its orbit. Now it hap-
pens that while its angular velocity on its axis is rigorously 
uniform throughout the month, its angular velocity in its orbit 
is subject to a slight variation ; the consequence of this is that 
a little more of its eastern or western edge is seen at one time 
than at another. 	This is called the LIBRATION IN LONGITUDE. 

2478. Diurnal libration. —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 evening, or rather 
when it rises and when it sets, are then different according to 
the latitude of the earth in which we are placed. 	By thus 
viewing it from different places, we see ,it under slightly dif-' 
ferent aspects. This is another cause of a variation, which we seer 
in its eastern and western edges ; this is called the DIURNAL 
LIBRATION. 

2479. Phases of the moon.—While the moon revolves roundi  
the earth, its illuminated hemisphere is always presented to thel 
sun ; it therefore takes various positions in reference to the 
earth. 	In fig. 724. the effects of this are exhibited. 	Let Es 

	

sigh r / 	1 10 q 	, 	
, 

gl. 	 Q 

	

4t 	_ 	00, 
- AP 	%PP 

i. - 	s qi• , 4E) 	 E 	 . (p  gip 
__- 

(111 	u 	Q 	
IL  11  

11 

(9 

Fig. 724. 	 • 

   
  



THE MOON. 	 191 

represent the direction of the sun, and E the earth ; when the 
.moon is at N, between the sun and the earth, its illuminated 
hemisphere being turned toward the sun, its dark hemisphere 
will be presented toward the earth ; it will therefore be invi- 
sible. 	In this position the moon is said to be in CONJUNCTION. 

When it moves to the position C, the enlightened hemisphere 
being still presented to the sun, a small portion of it only 
is turned to the earth, and it appears as a thin crescent, as 
represented at c. 

When the moon takes .the position of Q, at right angles to the 
sun, it is said to be in QUADRATURE ; one half of the enlightened 
hemisphere only is then presented to the earth, and the moon 
appears halved, .as represented at q. 

When it arrives at the position G, the greater part of the 
enlightened portion is turned to the earth, and it is gibbous, 
appearing as represented at g. 
- When the moon comes in orrosmoN to the sun, as seen at F, 

the enlightened hemisphere is turned full toward the earth, and 
the moon will appear full as at f, unless it be obscured by the 
earth's shadow, which rarely happens. 	In the same manner it 
is shown that at G' it is again gibbous ; at 44' it is halved, and at 
c' it is a crescent. 

When the moon is full, being in opposition to the sun, it will 
necessarily be in the meridian at midnight, and will rise as the 
sun sets, and set as the sun rises; and thus, whenever the en- 
. lightened hemisphere is turned toward us, and when, therefore, 
.it is the most capable of benefiting us, it is up in the firmament 
all night ; whereas, when it is in conjunction, as at tr, and the 
dark hemisphere is turned toward us, it would then be of no use 
to us, and is accordingly up during the day. 	The position at Q 
is called the " first quarter," and at Q' the "last quarter." 	The 
position at c is called the first octant; G the second octant; G.' 
the third octant; and c' 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 365.25 days, and therefore moves over it at about 61' 
per day, the moon moves at the rate of 13° 10' 35" (2470) per day. 
As the sun and moon appear to move in the same direction in the 
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firmament, both proceeding from west to east, the moon will, after 
conjunction, depart from the sun toward the east at the rate of 
about 12°  9' per day. 	If then, the moon be in conjunction with 
the sun on any given day, it will be 12°  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 evening, it will, 
at the moment of sunset on the following evening, be 12° 9' east of 
it, and at sunset will appear as a thin crescent, at a considerable 
altitude ; on the succeeding day it will be 24°  18' east of the sun, 
and will be at a still greater altitude at sunset, and will be a 
broader crescent. 	After seven days, the moon will be removed 
nearly 90° from the sun ; it will be at or near the meridian at 
sunset. 	It will remain in the heavens for about six hours after 
sunset, and will li seen in the west as the half-moon. 	Each 
successive evening increasing its distance from the sun, and also 
increasing its breadth, it will be visible in the meridian at a 
later hour, and will consequently be longer apparent in the 
firmament during the night—it will. then be gibbous. 	After 
about fifteen days, it will be 180° removed from the sun, and 
will be full, and consequently will rise when the sun sets, and 
set when the sun rises—being visible the entire night. 	After 	i  
the lapse of about twenty-two days, the distance of the mhoon 
from the sun being about 270°, it will not reach the meridian 
until nearly the hour of sunrise ; it will then be visible during 
the last six hours of the night only. 	The moon will then be 
waning, and toward the close of the month will only be seen in 
the morning before sunrise, and will appear as a crescent. 

If the earth and sun were both stationary while the moon 
revolves round the former, the period of the phases would be 
the same as the period of the moon. 	But from what has been 
explained, it will be evident that while the moon makes its 
apparent revolution of the heavens in about 27'3 days, the sun 
advances through somewhat more than 27° of the heavens, in 
the same direction. 	Before the moon can reassume the same 
phase, it must have the same position relative to the sun, and 
must, therefore, overtake it. 	But since it moves at the rate 
of about 1° in two hours, it will take more than two days to 
move over 27°. 	Hence the synodic period, or lunar month, or 
the interval betweqi two successive conjunctions, is about two 
days longer than the sidereal period of our satellite. 
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The exact length of the synodic period is 29d.  1211.  14°1• 
2'.87, or 29.53059 mean solar days. 

2481. Mass and density. — The methods by which the mass 
or weight of the moon has been ascertained will be explained 
hereafter; meanwhile it may be stated here that the result of 
the most recent solutions of this problem, by various me-
thods and on different data, proves that the mass or quantity 
of matter composing the globe of the moon, is a little more than 
the 90th part of the mass of the earth; or, more exactly, if the 
mass of the earth consist of 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 
the 90th part of that of the earth, it follows that its mean 
density must be little more than half the density of the earth, 
and therefore (2393.) about 2.83 times that of water. 

2482. No air upon the moon. — In order to determine 
whether or not the globe of the moon is surrounded with any 
gaseous envelope like the atmosphere of the earth, it is neces-
sary first to consider what appearances such an appendage 
would present, seen at the moon's distance, and whether any 
such appearances are discoverable. 

According to ordinary and popular notions, it is difficult to 
separate the idea of an atmosphere from the existence of clouds ; 
yet to produce clouds something more is necessary than air. 
The presence of water is indispensable, and if it be assumed 
that no water exist, then certainly the absence of clouds is no 
proof of the absence of an atmosphere. 	Be this as it may, 
however, it is certain that there are no clouds upon the moon, 
for if there were, we should immediately discover them, by the 
variable lights and shadows they would produce. 	If there is, 
then, an atmosphere upon the moon, it is one entirely unaccom-
panied by clouds. 

One of the effects produced by a distant view of an atmo-
sphere surrounding a globe, one hemisphere of which is illu-
minated by the sun, is, that the boundary, or line of sepa-
ration between the hemisphere enlightened by the sun and 
the dark hemisphere, is not sudden and sharply defined, but 
is gradual—the light fading away by slow degrees into the 
darkness. 

m. 	 K 
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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 distinctly with the telescope. 	When the moon appears as 
a crescent, its concave edge is the boundary which separates 
the enlightened from the dark hemisphere. 	When it is in the 
quarters, the diameter of the semicircle is also that boundary. 
In neither of these cases, however, do we ever discover the 
slightest indication of any such appearance as that which has 
just been described. 	There is no gradual fading away of the 
light into the darkness ; on the contrary, the boundary, though 
serrated and irregular, is nevertheless perfectly well defined and 
sudden. 

All these circumstances conspire to prove that there does not 
exist upon the moon an atmosphere capable of reflecting light 
in any sensible degree. 	 e 

 
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. 	Astro- 
nomers, however, have resorted to another test of a much more 
decisive and delicate kind, the nature of which will be under-
stood by explaining a simple principle of optics. 

	

Let mm', fig. 725., represent the disk of the moon. 	Let a a' 

l   s i 

	

	 -4,  . 
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Fig. 725. 

represent the atmosphere which surrounds it. 	Let smo and 
s na' e represent two lines touching the moon at m and m', and 
proceeding towards the earth. 	Let s s be two stars seen in the 
direction of these lines. 	If the moon had no atmosphere, these 
stars would appear to touch the edge of the moon at m and m', 
because the rays of light from them would pass directly 
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towards the earth ; 	but if the moon have an atmosphere, 
then that atmosphere will possess the property which is com-
mon to all transparent media of refracting light, and, in 
virtue of such property, stars in such positions 	as s's', be- 
hind the edge of the moon, would be visible at the earth, for 
the ray s' m, s' m' , in passing through the atmosphere, would be 
bent at an angle in the direction m e', and in like manner the 
ray s' m' would be bent at the angle m' e'— so that the stars s' s' 
would be visible at e'e, notwithstanding the interposition of 
the edges of the moon. 

This reasoning leads to the conclusion that as the moon moves 
over the face of the firmament, stars will be continually visible 
at its edge which are really behind it if it have an atmosphere, 
and the extent to which this effect will take place will be in 
proportion to the density of the atmosphere. 

The magnitude and motion of the moon and the relative 
positions of the stars are so accurately known that nothing is 
more easy, certain, and precise, than the observations which 
may be made with the view of ascertaining whether any stars 
are ever seen which are sensibly behind the edge of the moon. 
Such observations have been made, and no such effect has ever 
been detected. 	This species of observation is susceptible of 
such extreme accuracy, that it is certain that if an atmosphere 
existed upon the moon a thousand times less dense than our 
own, its presence must be detected. 

Bessel has calculated that if the difference between the ap-
parent diameter of the moon, and the arc of the firmament 
moved over by the moon's centre during the occultation of a 
star, centrically occulted, were admitted to amount to so much 
as 2", and allowing for the possible effect of mountains, by 
which the edge of the disk is serrated, taking these at the ex-
treme height of 24,000 feet, the density of the lunar atmos-
phere, whose refraction would produce such an effect, would 
not exceed the 968th part of the density of the earth's atmos-
phere, supposing the two fluids to be similarly constituted. Nor 
would this conclusion be materially modified by any supposition 
of an atmosphere composed of gases different from the consti-
tuents of the earth's atmosphere. 

The earth's atmosphere supports a column of 30 inches of 
mercury: an atmosphere 1000 times less dense would support 
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a column of three-tenths of an inch only. 	We may therefore 
consider it as an established fact, that no atmosphere exists on 
the moon having a density even as great as that which remains 
under the receiver of the most perfect air-pump, aft& that 
instrument has withdrawn from it the air to the utmost extent 
of its power. 

If further proofs of the nonexistence of a lunar atmosphere 
were required, Sir J. Herschel indicates several which are found 
in the phenomena of eclipses. 	In a solar eclipse the existence 
of an atmosphere having any sensible refraction, would enable 
us to trace the limb of the moon beyond the cusps externally to 
the sun's disk, by a narrow but brilliant line of light extending 
to some distance along its edge. 	No such phenomenon has, 
however, been seen. 

If there were any appreciable quantity of vapour suspended 
over the moon's surface, very faint stars ought to disappear 
behind it before the moment of their occultation by the inter- 
position of the moon's edge. 	Such, however, is not the case. 
When occulted at the enlightened edge of the luriar disk, the 
light of the moon overpowers them and renders them invisible, 
and even at the dark edge the glare in the sky, caused by the 
proximity of the enlightened part of the disk, renders the occul- 
tation of extremely minute stars incapable of observation. 	But 
these obstacles are removed in the case of total solar eclipses, 
on which occasions stars, so faint as to be only seen by the aid 
of a telescope, come up close to the limb without any sensible 
diminution of their brightness, and undergo an extinction as 
instantaneous as the largest and brightest by the interposition 
of the moon's limb. 

2484. Moonlight not sensibly calorific. — It has long been an 
object of inquiry whether the light of the moon has any heat, 
but the most delicate experiments and observations have failed 
to detect this property in it. 	The light of the moon was col- 
lected into the focus of a concave mirror of ,  such magnitude as 
would have been sufficient, if exposed to the sun's light, to eva- 
porate gold or platinum. 	The bulb of a differential thermo- 
meter, sensitive enough to show a change of temperature 
amounting to the 500th part of a degree, was placed in its 
focus so as to receive upon it the concentrated rays. 	Yet no 
sensible effect was produced. 	We must, therefore, conclude 
that the light of the moon does not possess the calorific property 
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in any sensible degree. 	But if the rays of the moon be not 
warm, the vulgar impression that they are cold is equally erro- 
neous. 	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 surface, since they would be subject to evaporation. 
Sir John Herschel, however, ingeniously suggests that the non- 
existence of vapour is not conclusive against evaporation. 	One 
hemisphere of the .moon being exposed continuously for 328 
hours to the glare of sunshine of an intensity greater than a 
tropical noon, because of the absence of an atmosphere and clouds 
to mitigate it, while the other is for an equal interval exposed 
to a cold far more rigorous than that which prevails on the 
summits of the loftiest mountains or in the polar region, the 
consequence would be the immediate evaporation of all liquids 
which might happen to exist on the one hemisphere, and the 
instantaneous condensation and congelation of the vapour on 
the other. 	The vapour would, in short, be no sooner formed 
on the enlightened 	hemisphere than it would rush to the 
vacuum over the dark hemisphere, where it would be instantly 
condensed and congealed, an effect which Herschel aptly illus- 
trates by the familiar experiment of the CRYOPHOR0173. 	The 
consequence, as he observes, of this state of things would be abso-
lute aridity below the vertical sun, constant accretion of hoar frost 
in the opposite region, and perhaps a narrow zone of running 
water at the borders of the enlightened hemisphere. He conjec-
tures that this rapid alternation of evaporation and condensation 
may to some extent preserve an equilibrium of temperature, and 
mitigate the severity of both the diurnal and nocturnal condi- 
tions of the surface. 	He admits nevertheless that such a sup- 
position could only be compatible with the tests of the absence 
of a transparent atmosphere even of vapour within extremely 
narrow limits; and it remains to be seen whether the general 
physical condition of the lunar surface as disclosed by the tele-
scope be not more compatible with the supposition of the total 
absence of all liquid whatever. 

It appears to have escaped the attention of those who assume 
5 3 
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the possibility of the existence of water in the liquid state on 
the moon, that, in the absence of an atmosphere, the temperature 
must necessarily be, not only far below the point of congelation 
of water, but even that of most other known liquids. 	Even 
within the tropics, and under the line.with a vertical sun, the 
height of the snow line does not exceed 16,000 feet (2187), and 
nevertheless at that elevation, and still higher, there prevails 
an atmosphere capable of supporting a considerable column of 
mercury. 	At somewhat greater elevations, but still in an at- 
mosphere 	of very sensible density, 	mercury is 	congealed. 
Analogy, therefore, justifies the inference that the total, or 
nearly total, absence of air upon the moon is altogether in-
compatible with the existence of water, or probably any 
other body in the liquid state, and necessarily infers a tem-
perature altogether incompatible with the existence of orga-
nised beings in any respect analogous to those which inhabit 
the earth. 

But another conclusive evidence of the nonexistence of 
liquids on the moon is found in the form of its surface, which 
exhibits none of those well understood appearances which re- 
sult from the long-continued action of water. 	The mountain 
formations with which the entire visible surface is covered are, 
as will presently appear, universally so abrupt, precipitous, and 
unchangeable, as to be utterly incompatible with the presence 
of liquids. 

2486. Absence of air deprives solar light and heat of their 
utility.— The absence of air also prevents the diffusion of the 
solar light. 	It has been already shown (923) that the. general 
diffusion of the sun's light upon the earth is mainly due to the 
reflection and refraction of the atmosphere, and to the light re-
flected by the clouds ; and that without such means of diffusion 
the solar light would only illuminate those places into which its 
rays would directly penetrate. 	Every place not in full sunshine, 
or exposed to some illuminated surface, would be involved in 
the most pitchy darkness. 	The sky at noon-day would be in- 
tensely black, for the beautiful azure of our firmament in the 
day-time is due to the reflected colour of the air. 

Thus it appears that the absence of air must deprive the 
sun's illuminating and heating agency of nearly all its utility. 
If no diffusion of light and no retention and accumulation of 
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heat, such as an atmosphere supplies, prevail, it is impossible 
to conceive The existence and maintenance of an organised world 
having any analogy to the earth. 

2487. As seen from the moon, appearance of the earth and 
the firmament. — If the moon were inhabited, observers placed 
upon it would witness celestial phenomena of a singular de-
scription,•differing in many respects from those presented to the 
inhabitants of our globe. 	The heavens would be perpetually 
serene and cloudless. 	The stars and planets would shine with 
extraordinary splendour during the long night of 328 hours. 
The inclination of her axis being only 5°, there would be no 
sensible changes of season. 	The year would consist of one 
unbroken monotony of equinox. 	The inhabitants of one hemi- 
sphere would never see the earth; while the inhabitants of the 
other would have it constantly in their firmament by day and 
by night, and always in the same position. 	To those who in- 
habit the central part of the hemisphere presented to us, the 
earth would appear stationary in the zenith, and would never 
leave it, never rising nor setting, nor in any degree changing 
its position in relation to the zenith or horizon. 	To those who 
inhabit places intermediate between the central part of that 
hemisphere and those places which are at the edge or the 
moon's disk, the earth would appear at a fixed and invariable 
distance from the zenith, and also at a fixed and invariable 
azimuth, the distance from the zenith being everywhere equal 
to the distance of the observer from the middle point of the 
hemisphere 	presented 	to 	the 	earth. 	To 	an observer at 
any of the places which are at the edge of the lunar disk, 
the earth would appear perpetually in a fixed direction on the 
horizon. 	• 

The earth shone upon by the sun would appear as the moon 
does to us ; but with a disk having an apparent diameter greater 
than that of the Moon in the ratio of 79 to 21, and an apparent 
superficial magnitude about fourteen times greater, and it would 
consequently have a proportionately illuminating power. 

Earth light at the moon would, in fine, be about fourteen times 
more 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 corresponding phases would be separated 
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by the interval of half a month. 	When the moon is full to the 
earth, the earth is new to the moon, and vice versa: when the 
moon is a crescent, the earth is gibbous, and vice versa. 

The features of light and shade would not, as on the moon, 
be all permanent and invariable. 	So, far as they would arise 
from the clouds floating in the terrestrial atmosphere, they 
would be variable. 	Nevertheless, their arrangement would 
have a certain relation to the equator, owing to the effect of 
the prevailing atmospheric currents parallel to the line.* 	This 
cause would produce streaks of light and shade, the general 
direction of which would be at right angles to the earth's axis, 
and the appearance of which would be in all respects similar to 
the BELTS which, as will appear hereafter, are observed upon 
some of the planets, and which are ascribed to a like physical 
cause. 

Through the openings of the clouds the permanent geographi-
cal features of the surface of the earth would be apparent, and 
would probably exhibit a variety of tints according to the pre-
vailing characters of the soil, as is observed to be the case with 
the planet Mars even at an immensely greater distance. 	The 
rotation of the earth upon its axis would be distinctly observed 
and 'its time ascertained. 	The continents and seas would be 
seen to disappear in succession at one side and to reappear at the 
other, and to pass across the disk of the earth as carried round 
by the diurnal rotation. 

2488. Why the full disk of the moon is faintly visible at 
new moon. — Soon after conjunction, when the moon appears as 
a thin crescent, but is so removed from the sun as to be seen at a 
sufficient altitude after sunset, the entire lunar disk appears faintly 
illuminated within the horns of the crescent. 	This phenomenon 
is explained by the effect of the earth shining upon the moon 
and illuminating it by reflected light as the moon illuminates 
the earth, but with a degree of intensity greater in the ratio of 
about 14 to 1. 	According to what has just been explained, the 
earth appears to the moon nearly full at the time when the moon 
appears to the earth as a thin crescent, and it therefore receives 
then the strongest possible illumination. 	As the lunar crescent 
increases in breadth, the phase of the earth as seen from the 
moon becomes less and less full, and the intensity of the illu-

. 
• See Chapter on the tides and trade winds. 
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mination is proportionately diminished. 	Hence we find, that as 
the lunar crescent passes gradually to the quarter, the comple-
ment of the lunar disk becomes gradually more faintly visible, 
and soon disappears altogether. 	 . 

2489. Physical condition of the moon's sutface. — 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 occupy its centre now have 
occupied the same position throughout all human record. 	We 
have already stated that the first and most obvious inference 
which this fact suggests, is that the same hemisphere of the 
moon is always presented toward the earth, and consequently, 
the other hemisphere is never seen. 	This singular characteristic 
which attaches to the motion of the moon round the earth, seems 
to be a general characteristic of all other moons in the system. 
Sir William Herschel, by the aid of his powerful telescopes, 
observed indications which render it probable that the moons of 
Jupiter revolve in the same manner, each presenting continually 
the same hemisphere to the planet. 	The cause of this peculiar 
motion has been attempted to be explained by the hypothesis 
that the hemisphere of the satellite which is turned toward the 
planet, is very elongated and protuberant, and it is the excess 
of its weight which makes it tend to direct itself always toward 
the primary, in obedience to the universal principle of attrac- 
tion. 	Be this as it may, the effect is, that our selenographical 
knowledge is necessarily limited to that hemisphere which is 
turned toward us. 

But what is the condition and character of the surface of the 
moon ? 	What are the lineaments of light and shade which we 
see upon it? 	There is no object outside the earth with which 
the telescope has• afforded us such minute and satisfactory in-
formation. 

If, when the moon is a crescent, we examine with a telescope, 
even of moderate power, the concave boundary, which is that 
part of the surface where the enlightened hemisphere ends and 
the dark hemisphere 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 
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example, the lunar surface resembled in its general character-
istics that of our globe, supposing that the entire surface is 
land, having the general characteristics of the continents of the 
earth, the inner boundary of the lunar crescent would still be 
a regular curve broken or interrupted only at particular points. 
Where great mountain ranges, like those of the Alps, the Andes, 
or the Himalaya, might chance to cross it, these lofty peaks 
would project vastly elongated shadows along the adjacent plain ; 
for it will be remembered that, being situated, at the moment 
in question, at the boundary of the enlightened and darkentd 
hemispheres, the shadows would be those of evening or morn-
ing ; which are prodigiously longer than the objects themselves. 
The effect of these would be to cause gaps or irregularities in 
the general outline of the inner boundary of the crescent. With 
these rare exceptions, the inner boundary of the crescent pro-
duced by a globe like the earth would be an even and regular 
curve. 

Such, however, is not the case with the inner boundary of 
the lunar crescent, even when viewed by the nakea eye, and 
still less so when magnified by a telescope. 

It is found, on the contrary, rugged and serrated, and bril-
liantly illuminated points are seen in the dark parts at some 
distance from it, while dark shadows of considerable length 
appear to break into the illuminated surface. 	The inequalities 
thus apparent indicate singular characteristics of the surface. 
The bright points seen within the dark hemisphere are the 
peaks of lofty mountains tinged with the sun's light. 	They are 
in the condition with which all travellers in Alpine countries 
are familiar; after the sun has set, and darkness has set in over 
the valleys at the foot of the chain, the sun still continues to 
illuminate the peaks above. 

The sketch of the lunar crescent given in fig. 726. will illus-
trate these observations. 

The visible hemisphere of our satellite has, within the last 
quarter of a century, been subjected to the most rigorous exami-
nation which unwearied industry, aided by the vast improve-
ment which has been effected in the instruments of telescopic 
observation, rendered possible; and it is no exaggeration now 
to state that we possess a chart of that hemisphere which in 
accuracy of detail Tar exceeds any similar representation of the 
earth's surface. 
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Among the selenographical observers the Prussian astrono- 
mers, MM. Beer and Midler, 
stand pre-eminent. 	Their de- 
scriptive 	work 	entitled 	Der 

( Monde contains the most corn- 
--7. ._ plete collection of observations 

on the physical 	condition 	of 
our satellite, and the chart, mea- 

;t?' 
-1,.;--- 
s,  

i•• 

suring 37 inches in diameter, 
exhibits the most complete re- 
presentation of the lunar stir- 

-- r,i•  face extant. 	Besides this great 
..-, s ..0) 

work, a selenographic chart was 

-V. - ,-.,;A  
produced by Mr. Russell, from 
observations made with a seven- 

-7: 	
, 

f 	. 
;kat 	_.,.. foot reflector, a similai delinea- 

tion by Lohrmann, and, in fine, 
a very complete model in relief 
of 	visible 

Fig. 726. 
the 	hemisphere by 

Madame *itte, 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 eminent observers, would be altogether incompatible with 
the necessary limits of a work like that which we have under- 
taken. 	We shall therefore confine ourselves to a selection from 
some of the most remarkable results of those works, aided by 
the telescopic chart of the south-eastern quadrant of the moon's 
disk, given in Plate I., which has been reduced from the great 
chart of Beer and Nadler, the scale being exactly one half of 
that of the original. 

2490. GENERAL DESCRIPTION OF THE MOON'S SURFACE. 
(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 heights, in which, however, the 
prevalence of a circular or crater-like form is conspicuous. 	The mere in- 
spection of the chart of the S. E. quadrant, Plate I. will render this evident; 
and the other three quadrants of the disk do not differ from this in their 
general character.* 

* 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 instru- 
ment produces an inverted image, the south pole appears at the highest and 
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(b) Causes of the tints of white and gray on the moon's disk.— The various 
tints of white and gray which mark the lineaments observed upon the disk 
of the full moon arise partly from the different reflecting powers of the 
matter composing different parts of the lunar surface, and partly from the 
different angles at which the rays of the solar light are incident upon them. 
If the surface of the lunar hemisphere were uniformly level, or nearly so, 
these angles of incidence would be determined by the position of each point 
with relation to the centre of the illuminated hemisphere ; and, in that case, 
the tints would be more regular and would vary in relation principally to 
the centre of the disk ; but, owing to the great inequalities of level, and 
the vast and complicated mountainous masses which project from every part 
of the surface, and the great depths of the cavities and plains which are sta.-
rounded by the circular mountain ranges, the angles of incidence of the 
solar rays are subject to extreme and irregular variation, which produce 
those lineaments and forms tinted with various shades of gray and white 
with which every eye is familiar. 

- (c) Shadows visible only in the phases—they supply measures of heights and 
depths. —"When the moon is full 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, in the 
quarters, this angle having increased to 90°, and the boundait of the en-
lightened 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 moun-
tainous masses and the intervening and enclosed valleys and ravines are 
ascertained, but their heights and depths are measured. 	This latter 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. 

• 
the north pole at the lowest point of the disk, and the eastern limit is on 
the right and the western on the left of the observer, all of which positions 
are the reverse of those which the same points have when viewed without a 
telescope, or with one which does not invert. 	The longitudes are measured 
cast and west of the meridian which bisects 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 selenographical regions 
and more prominent mountains are indicated on the chart, and have been 
taken generally from those of eminent scientific men. 	The meridians drawn 
on the chart divide the surface into zones, each of which measures five de-
grees of longitude, and the parallels to the equator divide it into zones, 
having each the width of five degrees of latitude. 	The moon's diameter 
being less than that of the earth in the ratio of 100 to 182, a degree of lunar 
latitude is less than 60 geographical miles in the same proportion, and is, 
therefore, equal to 33 geographical miles. 	This supplies a scale by which 
the magnitudes on the chart, Plate I., may be approximately estimated. 
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(d) Uniform patches, called oceans, seas, 4.c., proved to be irregular land 
surface. — Uniform patches of greater or less extent, each having an uniform 
gray tint more or less dark, having been supposed, by early observers, to be 
large collections of water, were designated by the names, OCEANUS, MARE, 
RtLos;  LAcns, Sixes, &c. 	These names are still retained, but the increased 
power of the telescope has proved that such regions are diversified, like the 
rest of the lunar surface, by 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 hemisphere of the moon con- 
sists of this character of surface. 	Examples of these are presented by the 
Mare Nubium,..Oceanus Procellarum, Mare Efumorum, &c., on the chart. 

(e) 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-
nences; and there are many, characterised by an abruptness and steepness 
which sometimes assume the position of a vast vertical wall, altogether 
without example upon the 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 magnitude, 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, 
WARE PLAINS, RING MOUNTALNS, CRATERS, and HOLES. 

(g) Bulwark plains.—These are circular areas, varying from 40 to 120 
miles in diameter, enclosed by a ring of mountain ridges, mostly continuous, 
but in some cases intersected at one or more points by vast ravines. 	The 
enclosed 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 for- 
mer. 	In some cases, however, internal spurs, which are diametrically op- 
posed, unite in the middle so as to cut in two the enclosed plain. 	In some 
rare cases the enclosed plain is 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, 
however, always dominates over the rest and exhibits an unequal summit, 
broken by stupendous peaks, which hero and there shoot up from it to vast 
heights. 	Occasionally it is also interrupted by smaller mountains of the 
circular form. 

Examples of bulwark plains are presented -in the cases of Clavius, Walther, 
Regiomontanus, Purbach, Alphonse, and Ptolemmus. 

The diameter of Clavius is 124 miles*, and the enclosed area is 12,000 
• 

* The geographical mile, or the sixtieth part of a degree of the earth's 
meridian. 
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square miles. 	One of the peaks of the surrounding ridge shoots up to the 
height of 16,000 feet. 

The diameter of Ptolemteus is 100 miles, and it encloses an area of 6,400 
square miles. 	This area is intersected by numerous small ridges, not above 
a mile in breadth and 100 feet in height. 	Ptolemants 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. 
• (h) Ring mountains. —These circular formations are on a smaller scale 
than the bulwark plains, varying from 10 to 50 miles in diameter, and they 
are generally more regular and more exactly circular in their form. 	They 
are sometimes found upon the ridge which encloses a bulwark plain, thus 
interrupting the continuity of its boundary; and sometimes they are seen 
within the enclosed area. 	Sometimes they stand in the midst of the maria. 
Their inner declivity is always steep, and the enclosed area, which is always 
concave, often includes a central mountain, presenting thus the general 
character of a volcanic crater, but on a scale of magnitude without example 
in terrestrial volcanoes. 	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. 

(t) 7'ycho, 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 multitude 
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 area, which is very nearly circular, is 47 miles in 
diameter, and the inside of the enclosing ridge has the steepness of a wall. 
Its height above the level of the enclosed plain is 16,000 feet, and above 
that of the external regions 12,000 feet. 	There is a central mount, height 
4,700 feet, besides a few lesser hills within the enclosure. 

(k) Craters and holes. —These are the smallest formations of the circular 
class. 	Craters enclose a visible area, containing generally a central mound 
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 sur-
face of the moon, but are no where more prevalent than in the region around 
Tycho, which may be seen on a very enlarged scale in Plate IL, which 
represents that ring mountain, and the adjacent region extending over six-
teen degrees of latitude, and from sixteen to twenty degrees of longitude. 

(l) Other mountain 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 Iiiiidler, but which 
our limits compel us to omit. 

(m) Singular and unexplained optical phenomenon of radiating streaks. — 
Among the most remarkable phenomena presented to lunar observers, is the 
systems of streaks of light and shade, which radiate from the borders of some 
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of the largest of the ring mountains, spreading to distances of several hun- 
dred miles around them. 	Seven of the mountains of this class, viz., Tycho, 
Copernicus, Kepler, Pyrgius, Anaxagoras, Aristarchus, and Olbers are seve-
rally the centres round which this extraordinary radiation is manifested. 
Similar phenomena, less conspicuously developed, however, are visible 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 II. 

These radiating streaks commence at a distance of about 20 miles outside 
the circular ridge of Tycho. 	From that limit they diverge and overspread 
fully a fourth part of the visible hemisphere. 	On the S. they extend to the 
edge of the disk ; on the B. to Hainzel and Capuanus; on the S.E. to the 
Marc Nubium ; on the N. to Alphonse ; on the N.W. to the Mare Nectaris, 
and to the W., so 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, there- 
fore, only seen in their splendour, as represented in Plate M., when the 
moon is full. 	As the moon moves from opposition to the last quarter, the 
streaks therefore gradually disappear, and the shadows of the mountain 
formations are at the same time gradually brought into view, so that the 
aspect of the moon undergoes a complete transformation. \This change may 

a be very well exhibited by holding the Plate ILL before 	window to which 
the back of the observer is turned. 	He will then see the phenomena as they 
are presented on the full moon. 	Let him then turn slowly upon his heel 
until his face is presented to the window, holding the paper between his eyes 
and the light. The Plate IL will then be seen by means of the transparency 
of the paper, and it will gradually become more and more distinctly apparent 
as he turns more directly towards the light.* 

Although the mountain formations generally disappear under the splen-
dour of these radiating streaks, some few, as will be pirceived on Plate ILL, 
continue to be visible through them. 

None of the numerous selenographie observers have proposed any satis-
factory explanation of these phenomena, which arc exhibited nearly in the 
same manner around the other ring mountains above named. 	Sehrtiter 
supposed them to be mountains, an hypothesis overturned by the observa- 
tions since made with more powerful instruments. 	Herschel, the elder, 
suggested the idea of streams of lava; Cassini imagined they might be 
clouds; and others even suggested the possibility of their being roads I 
Midler imagines that these ring mountains may have been among the first 
selenological formations ; and, consequently, the points to which all the 

* This ingenious expedient is suggested by Midler. 	It must be remem- 
bered, however, that, while Plate IL represents the region as it appears in a 
telescope which inverts, Plate III. represents it as if it were reflected in a 
mirror, or as it would be seen with a teleseope'having a prismatic eye-
piece. 
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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 II.); not the least vestige of a plain can any- 
where be discovered. 	Towards the E. and S.E. craters predominate, while 
to the W. chains parallel to the ring are more numerous. 	On the S. the 
mountains are thickly scattered in confused masses. 	At a distance of 15 to 
25 miles craters and small ring mountains are seen, few being circular, but 
all approaching to that form. 	All are surrounded by steep ramparts. 

(o) Wilhelm I. —This is a considerable ring mountain S.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 magni- 
tudes, heights, and depths, surrounding it in great numbers, and giving a 
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 ap- 
parently 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. 

(ry) Maginus.—This range N.W. of Tycho (see Plate I.) hits 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 
13,000 feet. 	A broad elevated base connects the numberless peaks, terraces, 
and groups of hills constituting this range, and small craters are numerous 
among these wild and confused masses. 	The central peak A is a low but 
well•detined hill, close to which is a crater-like depression, and other less 
considerable hills.  

(r) Analogy to terrestrial volcanoes more apparent than real—enlarged view 
of Gassendi.—The volcanic character observed in the selenographic forma-
tions loses much of its analogy to; like formations on the 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 illus- 
trate 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, a 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 cir- 
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cular chains of mountains, the lesser, which lies to the north, measuring 
161 miles in diameter, and the greater, lying to the' south, 	enclosing 
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 an 
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. 

The preceding selections, combined with the charts, Plates I., 
II., III., and IV., will serve to show the general physical character 
of the lunar surface, and the elaborate accuracy with which it 
has been submitted to telescopic examination. 	In the work 
of Beer and Midler a table of the heights of above 1000 moun-
tains is given, several of which attain to an elevation of 23,000 
feet, equal to that of the highest summits of terrestrial moun-
tains, while the diameter of the moon is little more than half 
that of the earth. 

2491. Observations of Ilerschel.— Sir John Herschel says, 
that among the lunar mountains may be observed in its highest 
perfection the true volcanic character, as seen in the crater of 
Vesuvius and elsewhere ; but with the remarkable peculiarity 
that the bottoms of many of the craters are very deeply de-
pressed below the general surface of the moon, the internal depth 
being in many cases two or three times the external height. 
In some cases, he thinks, decisive marks of volcanic stratifica-
tion, arising front a succession of deposits of ejected matter, and 
evident indications of currents of lava streaming outwards in 
all directions, may be clearly traced with powerful telescopes. 

2492. Observations of the Earl of Rosse.— By means of the 
great reflecting telescope of Lord Rosse, the flat bottom of the 
crater called Albategnius is distinctly seen to be strewed with 
blocks, not visible with less powerful instruments ; while the 
exterior of another (Aristillus) is intersected with deep gullies 
radiating from its centre. 

2493. Supposed influence of the moon on the weather. — 
Among the many influences which the moon is supposed, by the 
world in general, to exercise upon our globe, one of those, which 
has been most universally believed, in 	all 	ages and in all 
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countries, is that which it is presumed to exert upon the changes 
of the weather. 	Although the particular details of this influence 
are sometimes pretended to be described, the only general prin-
ciple, or rule, which prevails with the world in general is, that 
a change of weather may be looked for at the epochs of new 
and full moon : that is to say, if the weather be previously fair 
it will become foul, and if foul will become fair. 	Similar changes 
are also, sometimes, though not so confidently, looked for at the 
epochs of the quarters. 

A question of this kind may be regarded either as a question 
of science, or a question of fact. 

If it be regarded as a question of science, we are called upon 
to explain how and by what property of matter, or what law 
of nature or attraction, the moon, at a distance of a quarter of 
a million of miles, combining its effects with the sun, at four 
hundred times that distance, can produce those all9ged changes. 
To this it may be readily answered that no known law or prin- 
ciple has hitherto explained any such phenomena. 	The moon 
and sun must, doubtless, affect the ocean of air which surrounds 
the globe, as they affect the ocean of water — producing effects 
analogous to tides ; but when the quantity of such an effect is 
estimated, it is proved to be such as could by no-means account 
for the meteorological changes here adverted to. 

But in conducting investigations of this kind we proceed 
altogether in the wrong direction, and begin at the wrong end, 
when we commence with the investigation of the physical cause 
of the supposed phenomena. 	Our first business is carefully 
and accurately to observe the phenomena of the changes of the 
weather, and then to put them in juxtaposition with the con- 
temporaneous changes of the lunar phases. 	If there be any 
discoverable correspondence, it then becomes a question of 
physics to assign its cause. 

Such a course of observation has been made in various ob-
servatories with all the rigour and exactitude necessary in such 
an inquiry, and has been continued over periods of time so 
extended, as to efface all conceivable effects of accidental irre-
gularities. 

We can imagine, placed in two parallel columns, in juxta-
position, the series of epochs of the new and full moons, and 
the quarters, and the corresponding conditions of the weather 
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et these times,"for fifty or one hundred years back, so that we 
may be enabled to examine, as a mere matter of fact, the 
conditions of the weather for one thousand or twelve hundred 
full and new moons and quarters. 

From such a mode of observation and inquiry, it has resulted 
conclusively that the popular notions concerning the influence of 
the lunar phases on the weather have no foundation in theory, 
and no correspondence with observed facts. 	That the moon, 
by her gravitation, exerts an attraction on our atmosphere cannot 
be doubted ; but the effects which that attraction would produce 
upon the weather.  are not in accordance with observed pheno-
mena; and, therefore, these effects are either too small in amount 
to be appreciable in the actual state of meteorological instru-
ments, or they are obliterated by other more powerful causes, 
from which hitherto they have not been eliminated. 	It appears, 
however, by some series of observations, not yet confirmed or 
continued through a sufficient period of time, that a slight cor-
respondence may be discovered between the periods of rain and 
the phases of the moon, indicating a very feeble influence, de-
pending on the relative position of that luminary to the sun, 
but having no discoverable relation to the lunar attraction. This 
is not without interest as a subject of scientific inquiry, and is 
entitled to the attention of meteorologists ; but its influence is 
so feeble that it is altogether destitute of popular interest as a 
weather prognostic. 	It may, therefore, be stated that, as far as 
observation combined with theory has afforded any means of 
knowledge, there are no grounds for the prognostications of 
weather erroneously supposed to be derived from the influence 
of the sun and moon. 

Those who are impressed with the feeling that an opinion so 
universally entertained even in countries remote from each other, 
as that which presumes an influence of the moon over the 
changes of the weather, will do well to remember that against 
that opinion we have not here opposed mere theory. Nay, 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. 

   
  



212 	 ASTRONOMY. 

The point, and the only point of importance, is, whether, regarded 
as a mere matter of fact, any correspondence between the changes 
of the moon and those of the weather exists? And a short ex-
amination of the recorded facts proves that IT DOES NOT. 

2494. Other supposed lunar influences.—But meteorolo-
gical phenomena are not the only effects imputed to our satellite; 
that body, like comets, is made responsible for a vast variety of 
interferences with organised nature. 	The circulation of the 
juices of vegetables, the qualities of grain, the fate of the vintage, 
are all laid to its account ; and timber must be felled, the harvest 
cut down and gathered in, and the juice of the grape expressed, 
at times and under circumstances regulated by the aspects of 
the moon, if excellence be hoped for in these products of 
the soil. 

According to popular belief, our satellite also presides over 
human maladies; and the phenomena of the sick chamber are 
governed by the lunar phases ; nay, the very mprrow of our 
bones, and the weight of our bodies, suffer increase or diminu- 
tion by its influence. 	Nor is its imputed power confined to 
physical or organic effects; it notoriously governs mental de-
rangement. 

If these opinions respecting lunar influences were limited to 
particular countries, they would be less entitled to serious con-
sideration ; but it is a curious fact that many of them prevail 
and have prevailed in quarters of the earth so distant and 
unconnected, that it is difficult to imagine the same error to have 
proceeded from the same source. 

Our limits, and the objects to which this volume is directed, 
render it impossible here to notice more than a few of the prin-
cipal physical and physiological influences imputed to the moon; 
nor even with respect to these can we do more than indicate the 
kind of examination to which they have been submitted, and the 
conclusions which have been deduced from it. 

2995. The red moon.—Gardeners give the name of Red 
Moon to that moon which is full between the middle of April 
and the close of May. According to them the light of the moon 
at that season exercises an injurious influence upon the young 
shoots of plants. 	They say that when the sky is clear the leaves 
and buds exposed to the lunar light redden and are killed as if 
by frost, at a time when the thermometer exposed to the atmo- 
sphere stands at many degrees above the freezing point. 	They 
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say also that if a clouded sky intercepts the moon's light it pre-
vents these injurious consequences to the plants, although the 
circumstances of temperature are the same in both cases. 
Nothing is more easy than the explanation of these effects. The 
leaves and flowers of plants are strong and powerful radiators 
of heat; when the sky is clear they therefore lose temperature 
and may be frozen ; if, on the other hand, the sky be clouded, 
their temperature is maintained for the reasons above stated. 

The moon, therefore, has no connection whatever with this 
effect, and it is certain that plants would suffer under the same 
circumstances whether the moon is above or below the horizon. 
It equally is quite true that if the moon be above the horizon, 
the plants cannot suffer unless it be visible ; because a clear shy 
is indispensable as much to the production of the injury to the 
plants as to the visibility of the moon ; and, on the other hand, 
the same clouds which veil the moon and intercept her light 
give back to the plants that warmth which prevents the injury 
here adverted to. 	The popular opinion is therefore right as to 
the /pet, but wrong as to the cause; and its error will be at 
once discovered by showing that on a clear night, when the 
moon is new, and, therefore, not visible, the plants may never-
theless suffer. 

2496. Supposed influence on timber.— An opinion is gene-
rally entertained that timber should be felled only during the 
decline of the moon; for if it be cut down during its increase, 
it will not be of a good and durable quality. 	This impression 
prevails in various countries. 	Is is acted upon in England, 
and is made the ground of legislation in France. 	The forest 
laws of the latter country interdict the cutting of timber during 
the increase of the moon. 	The same opinion prevails in Brazil. 
Signor Francisco Pinto, an eminent agriculturist in the province 
of Espirito Santo, affirmed, as the result of his experience, 
that the wood which was not felled at the full of the moon was 
immediately attacked by worms and very soon rotted. 	In 
the extensive forests of Germany, the same opinion is enter- 
tained and acted upon. 	M. Duhamel Monceau, a celebrated 
French agriculturist, has made direct and positive experiments 
for the purpose of testing this questioti; and has clearly and 
conclusively shown that the qualities of timber felled in differem t 
parts of the lunar month are the same. 

2497. Supposed lunar iqfluence on vegetables. — It is an 
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aphorism received by all gardeners and agriculturists in Europe, 
that vegetables, plants, and trees, which are expected to flourish 
and grow with vigour, should be planted, grafted, and pruned, 
during the increase of the moon. 	This opinion is altogether 
erroneous. 	The increase or decrease of the moon has no appre- 
ciable influence on the phenomena of vegetation ; and the 
experiments and observations of several French agriculturists, 
and especially of M. Duhamel du Monceau (already alluded to) 
have clearly established this. 

2498. Supposed lunar influence on wine-making. — It is a 
maxim of wine-growers, that wine which has been made in two 
moons is never of a good quality, and cannot be clear. 

To this we need only answer, that the moon's rays do not 
affect the temperature of the air to the extent of one thousandth 
part of a degree of the thermometer, and that the difference of 
temperatures of any two neighbouring places in which the pro-
cess of making the wine of the same soil and vintage might be 
conducted, may be a thousand times greater' at any given 
moment of time, and yet no one ever imagines that such a cir-
cumstance can affect the quality of the wine. 

2499. Supposed lunar influence on the complexion.—It is 
a prevalent popular notion in some parts of Europe, that the 
moon's light is attended with the effect of darkening the com-
plexion. 

That light has an effect upon the colour of material substances 
is a fact well known in physics and in the arts. 	The process 
of bleaching by exposure to the sun is an obvious example 
of this class of facts. 	Vegetables and flowers which grow in a 
situation excluded from the light of the sun are different in 
colour from those which have been exposed to its influence. 
The most striking instance, however, of the effect of certain 
rays of solar light in blackening a light coloured substance, is 
afforded by chloride of silver, which is a white substance, but 
which immediately becomes black when acted upon by the rays 
near the red extremity of the spectrum. 	This substance, how- 
ever, highly susceptible as it is of having its colour affected by 
light, is, nevertheless, found not to be changed in any sensible 
degree when exposed 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 
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the influence of the moon's rays in blackening the skin receives 
no support. 

2500. Supposed lunar influence on putrefaction. — Pliny 
and Plutarch have transmitted it as a maxim, that the light of 
the moon faCilitates the putrefaction of animal substances, and 
covers them with moisture. 	The same opinion prevails in the 
West Indies, and in South America. 	An impression is preva- 
lent, also, that certain kinds of fruit exposed to moonlight lose 
their flavour and become soft and flabby ; and that if a wounded 
mule be exposed to the light of the moon during the night, the 
wound will be irritated, and frequently become incurable. 

Such effects, if real, may be explained upon the same prin-
ciples as those by which we have already explained the effects 
imputed to the red moon. Animal substances exposed to a clear 
sky at night, are liable to receive a deposition of dew, which 
humidity has a tendency to accelerate putrefaction. 	But this 
effect will be produced if the sky be clear, whether the moon be 
above the horizon or not. 	The moon, therefore, in this case, is 
a witness and not an agent ; and we must acquit her of the 
misdeeds imputed to her. 	

,.I  Supposed lunar influence on shell-fish. — t is a very 
ancient remark, that oysters and other shell-fish become larger 
during the increase than during the decline of the moon. 	This 
maxim is mentioned by the poet Lucilius, by Aulus Gellius, and 
others; and the members of the academy del Cimento appear 
to have tacitly admitted it, since they endeavour to give an 
explanation of it. 	The fact, 	however, has been carefully 
examined by Rohault, who has compared shell-fish taken at all 
periods of the lunar month, and found that they exhibit no 
difference of quality. 

2,501. Supposed lunar influence on the marrow of animals.— 
An opinion is prevalent among butchers that the marrow found 
in the bones of animals varies in quantity according to the phase 
of the moon in which they are slaughtered. 	This question has 
also been examined by Rohault, who made a series of observa-
tions which were continued for twenty years with a view to 
test it ; and the result was that it was proved completely desti-
tute of foundation. 

2502. Supposed lunar influence on the weight of the human 
body. — Sanctorius, whose name is celebrated in physics for the 
invention of the thermometer, held it as a principle that a 
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healthy man gained two pounds weight at the beginning of 
every lunar month, which he lost toward its completion. 	This 
opinion appears to be founded on experiments made upon him-
self; and affords another instance of a fortuitous coincidence 
hastily generalised. 	The error would have been corrected if 
he had continued his observations a sufficient length of time. 

2503. Supposed lunar influence on births. — It is a preva-
lent opinion that births occur more frequently in the decline of 
the moon than in her increase. 	This opinion has been tested 
by comparing the number of births with the periods of the 
lunar phases ; but the attention directed to statistics, as well in 
this country as abroad, will soon lead to the decision of this 
question.* 

2504. Supposed lunar influence on incubation. —It is a 
maxim handed down by Pliny, that eggs should be put to cover 
when the moon is new. 	In France it is a maxim generally 
adopted, that the fowls are better and more successfully reared 
when they break the shell at the full of the moon. 	The expe- 
riments and observations of M. Girou de Buzareingues have 
given countenance to this opinion. 	But such observations re- 
quire to be multiplied before the maxim can be considered as 
established. 	M. Girou inclines to the opinion that during the 
dark nights about new moon the hens sit so undisturbed that 
they either kill their young or check their development by too 
much heat;' while in moonlight nights, being more restless, 
this effect is not produced. 

2505. Supposed lunar influence on mental derangement and 
other human maladies. — The influence on the phenomena of 
human maladies imputed to the moon is very ancient. 	Hippo- 
crates had so strong a faith in the influence of celestial objects 
upon animated beings, that he expressly recommends no physi- 
cian to be trusted who is ignorant of astronomy. 	Galen, fol- 
lowing Hippocrates, maintained the same opinion, especially of 
the influence of the moon. Hence in diseases the lunar periods 
were said to correspond with the succession of the sufferings of 
the patients. 	The critical days or crises (as they were afterward 
called), were the seventh, fourteenth, and twenty-first of the 
disease, corresponding to the intervals between the moon's prin- 

• Other sexual phenomena, such as the period of gestation, vulgarly sup- 
posed to have some relation to the lunar month, have no relation whatever 
to that period. 
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cipnl phases.. 	While the doctrine of alehymists prevailed, the 
human body was considered as a microcosm ; the heart repre- 
senting the sun, the brain the moon. 	The planets had each its 
proper influence: Jupiter presided over the lungs, Mars over 
the liver, Saturn over the spleen, Venus over the kidneys, and 
Mercury over the organs of generation. 	Of these grotesque 
notions there is now no relic, except the term lunacy, which 
still designates unsoundness of mind. 	But even this term may 
in some degree be said to be banished from the terminology of 
medicine, and it has taken refuge in that receptacle of all anti- 
quated absurdities of phraseology — the law. 	Lunatic, we be- 
have, is still the term for the subject who is incapable of ma-
naging his own affairs. 

Although the ancient faith in the connection between the 
phases of the moon and the phenomena of insanity appears in a 
great degree to be abandoned, yet it is not altogether without 
its votaries; nor have we been able to ascertain that any series 
of observations conducted on scientific principles, has ever been 
made on the phenomena of insanity, with a view to disprove 
this connection. 	We have even met with intelligent and well- 
educated physicians who still maintain that the paroxysms of 
insane patients are more violent when the moon is full than at 
other times. 

2506. Examples produced by Faber and Ramazzini.—Ma-
thiolus Faber gives an instance of a maniac who, at the very 
moment of an eclipse of the moon, became furious, seized upon 
a sword, and fell upon every one around him. 	Ramazzini re- 
lates that, in the epidemic fever which spread over Italy in the 
year 1693, patients died in an unusual number on the 21st of 
January; at the moment of 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 
heir imaginations highly excited, and their fears wrought upon 
Dy the approach of that event, if popular opinion invested it 
pith danger. 	That such an impression was not unlikely to 
revail is evident from the facts which have been recorded. 
At no very distant period from that time, in August, 1654, 

t is related that patients in considerable numbers were, by 
niler of the physicians, shut up in chambers well closed, 

iu. 	 L 
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warmed, and perfumed, with a view to escape the injurious in-
fluence of the solar eclipse, which happened at that time ; and 
such was the consternation of persons of all classes, that the 
numbers who flocked to confession were so great that the eccle-
siastics found it impossible to administer that rite. An amusing 
anecdote is related of a village curate near Paris, who, with a 
view to ease the minds of his flock, °and to gain the necessary 
time to get through his business, seriously assured them that 
the eclipse was postponed for a fortnight. 

2507. Examples of Vallisnieri and Bacon. — Two of the 
most remarkable examples recorded, of the supposed influence 
of the moon on the human body, are those of Vallisnieri and 
Bacon. 	Vallisnieri declares that, being at Padua, recovering 
from a tedious illness, he suffered, on the 12th of May, 1706, 
during the eclipse of the sun, unusual weakness and shiverino.1 
Lunar eclipses never happened without making Bacon faint; and 
he did not recover his senses till the ",non recovered her light. 

That these two striking examples should be admitted in proof 
of tho existence of lunar influence, it would be necessary, says 
M. Arago, to establish the fact, that feebleness and pusilla-
nimity of character are never connected with high qualities of 
mind. 

2508. Supposed influence on cutaneous affections.—Me-
nuret considered that cutaneous maladies had a manifest con-
nection with the lunar phases. He says that he himself observed, 
in the year 1760, a patient afflicted with a scald head (teigne) 
who, during the decline of the moon, suffered from a gradual 
increase of the malady, which continued until the epoch of the 
new moon, when it had covered the face and breast, and pros 
duced insufferable itching. 	As the moon increased, these 
symptoms disappeared by degrees ; the face became free from 
the eruption ; but the same effects were reproduced after the 
full of the moon. 	These periods of the disease continued for 
three months. 

Menuret also stated that he witnessed a similar correspond-
ence between the lunar phases and the distemper of the itch; 
but the circumstances were the reverse of those in the former 
case ; the malady attaining its maximum at the full of the 
moon, and its minimum at the new moon. 

Without 	disputing the accuracy of these statements, or, 
throwing any suspicion on the good faith of the physician whi 
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has made them, we may observe that such facts prove nothing 
except the fortuitous coincidence. 	If the relation of cause and 
effect had existed between the lunar phases and the phenomena 
of these distempers the same cause would have continued to 
produce the same effect in like circumstances; and we should 
not be left to depend for the proof of lunar influence on the 
statements of isolated cases, occurring under the observation of 
a physician who was himself a believer. 

2509. Remarkable case adduced by Hoffman. — Maurice 
Hoffman relates a case which came under his own practice, of 
a young woman, the daughter of an epileptic patient. 	The ab- 
domen of this girl became inflated every month as the moon 
increased,.and regularly resumed its natural form with the de-
cline of the moon. 

Now if this statement of Hoffman were accompanied by all 
the necessary details, and if, also, we were assured that this 
strange effect continued to be produced for any considerable 
length of time, the relation of cause and effect between the 
phases of the moon and the malady of the girl could not legiti-
mately be denied; but receiving the statement in so vague a 
form, and not being assured that the effect continued to be pro-
duced beyond a few months, the legitimate conclusion at which 
we must arrive is, that this is another example of fortuitous 
coincidence, and may be classed with the fulfilment of dreams, 
prodigies, &c., Ste. 

2510. Cases of nervous diseases. — As may naturally be ex-
pected, nervous diseases are those which have presented the 
most frequent indications of a relation with the lunar phases. 
The celebrated Mead was a strong believer, not only in the 
lunar influence, but in the influence of all the heavenly bodies 
on all the human. He cites the case of a child who always went 
into convulsions at the moment of full moon. 	Pyson, another 
believer, cites another case of a paralytic patient whose disease 
was brought on by the new moon. 	Menuret records the case 
of an epileptic patient whose fits returned with the full moon. 
The transactions of learned societies abound with examples of 
giddiness, malignant fever, somnambulism, &c., having in their 
paroxysms more or less corresponded with the lunar phases. 
Gall states, as a matter having fallen under his own observa-
tion, that patients suffering under weakness of intellect had two 
periods in the month of peculiar excitement ; and, in a work 
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published in London so recently as 1829, we are assured that 
these epochs are between the new and full moon. 

2511. Observations of Dr.Olbers on insane patients.—Against 
all these instances of the supposed effect of lunar influence, we 
have little direct proof to offer. 	To establish a negative is not 
easy. 	Yet it were to be wished that in some of our, great asy- 
lums for insane patients, a register should be preserved of the 
exact times of the access of all the remarkable paroxysms; a 
subsequent comparison of this with the age of the moon at the 
time of their occurrence would furnish the ground for legitimate 
and safe conclusions. 	We are not aware of any scientific phy- 
sician who has expressly directed his attention, to this question, 
except Dr. Olbers of Bremen, celebrated for his discovery of 
the planets Pallas and Vesta. He states that, in the course of a 
long medical practice, he was never able to discover the slight-
est trace of any connection between the phenomena of disease 
and the phases of the moon. 

2512. Influence not to be hastily rejected. — In the spirit of 
true philosophy, M. Arago, nevertheless, recommends caution 
in deciding against this influence. 	The nervous system, says 
he, is in many instances an instrument infinitely more delicate 
than the most subtle apparatus of modern physics. 	Who does 
not know that the olfactory nerves inform us of the presence of 
odoriferous matter in air, the traces of which the most refined 
physical analysis would fail to detect ? 	The mechanism of the 
eye is highly affected by that lunar light which, even condensed 
with all the power of the largest burning lenses, fails to affect 
by its heat the most susceptible thermometers, or by its che-
mical influence, the chloride of silver; yet a small portion of 
this light introduced through a pin-hole will be sufficient to 
produce an instantaneous contraction of the pupil ; nevertheless 
the integuments of this membrane, so sensible to light, appear 
to be completely inert when otherwise effected. 	The pupil re- 
mains unmoved, whether we scrape it with the point of a needle, 
moisten it with liquid acids, or impart to its surface electric 
sparks. 	The retina itself, which sympathises with the pupil, is 
insensible to the influence of the most active mechanical agents. 
Phenomena so mysterious should teach us with what reserve we 
should reason on analogies drawn from experiments made upon 
inanimate substances, to the far different and more difficult case 
of organised matter endowed with life. 
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CI EAP. X. 

TIIE RIDES AND TRADE WINDb. 

2513. 	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 
naturally the physical connection between these two effects, and 
indicated the probability of the cause of the tides being found in 
the motion of the moon. 

2514. Erroneous notions of the lunar influence.—There are 
few subjects in physical science about which more erroneous 
notions prevail among those who are but a little informed. 
A common idea is, that the attraction of the moon draws the 
waters of the earth toward that side of the globe on which it 
happens to be placed, and that consequently they are heaped 
up on that side, so that the oceans and seas acquire there a 
greater depth than elsewhere; and that high water will thus 
take place under, or nearly under, the moon. 	But this does 
not correspond with the fact. High water is not produced merely 
under the moon, but is equally produced upon those parts most 
removed from the moon. 	Suppose a meridian of the earth so 
selected, that if it were continued beyond the earth, its plane 
would pass through the moon ; we find that, subject to certain 
modifications, a great tidal wave, or what is called high water, 
will be formed on both sides of this meridian ; that is to say, 
on the side next the moon, and on the side remote from the 
moon. 	As the moon moves, these two great tidal waves follow 
her. 	They are of course separated from each other by half the 
circumference of the globe. 	As the globe revolves with its 
diurnal motion upon its axis, every part of its surface passes 
successively under these tidal waves ; and at all such parts, as 
they pass under them, there is the phenomenon of high water, 

L 3 

   
  



222 	 ASTRONOMY. 

Hence it is that in all places there are two tides daily, having 
an interval of about twelve hours between them. 	Now, if the 
common notion of the cause of the tides were well founded, 
there would be only one tide daily—viz., that which would take 
place when the moon is at or near the meridian. 

2515. The moon's attraction alone will not explain the tides. 
—That the moon's attraction upon the earth simply considered 
would not explain the tides is easily shown. 	Let us suppose 
that the whole mass of matter on the earth, including the waters 
which partially cover it, were attracted equally by the moon ; 
they would then be equally drawn toward that body, and no 
reason would exist why they should be heaped up under the 
moon ; for if they were drawn with the same force as that with 
which the solid globe of the earth under them is drawn, there 
would be no reason for supposing that 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 earth, solid and fluid, being drawn with the same 
force, would equally tend toward the moon ; and its parts, whe-
ther solid or fluid, would preserve among themselves the same 
relative position as if they were not attracted at all. 

2516. Tides caused by the dffArence of the attractions on 
dibWent parts of the earth. —When we observe, however, 
in a mass composed of various particles of matter, that the 
relative arrangement of these particles is disturbed, some being 
driven in certain directions more than others, the inference is, 
that the component parts of such a mass must be placed under 
the operation of different forces; those which tend more than 
others in 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, F, G, n, fig. 727., represent the globe of 
the earth, and, to simplify the_ explanation, let us first suppose 
the entire surface of the globe to be covered with water. 	Let 
N, the moon, be placed at the distance mn from the nearest 
point of the surface of the earth. 	Now it will be apparent that 
the various points of the earth's surface are at different dis- 
tances from the moon m. 	A and G are more remote than n ; 
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BF still more remote ; c and E.  more distant again, and D more 
remote than all. 	The attraction which the moon exercises at 

I, _ll  	X  

•---:-_--7 

Fig. 727. 

n is, therefore, greater than that which it exercises at A and G, 
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 com- 
ponent parts of which are at different distances from it, and 
therefore subject fo different attractions, it will not disturb the 
relative arrangement, since such disturbances or disarrange- 
ments are prevented by the cohesion which characterises a solid 
body; but this is not the case with fluids, the particles of which 
are mobile. 	 , 

The attraction which the moon exercises ppon 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; consequently there will be a greater tendency of this 
attraction to draw the fluid which rests upon the surface at a 
toward the moon, than to draw the solid mass of the earth which 
is more distant. 

As the fluid, by its nature, is free to obey this excess of at- 
traction, it will necessarily heap itself up in a pile or wave over 
a, forming a convex protuberance, as represented between r 
and i. 	Thus high water will take place at a, immediately 
under the moon. 	The water which thus collects at a will ne- 
cessarily flow from the regions B and F, where therefore there 
will be a diminished quantity in the same proportion. 

But let us now consider what happens to that part of the 
earth D. 	Here the waters, being more remote from the moon 
than the solid mass of the earth under them, will be less at- 
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tracted, and consequently will have a less tendency to gravitate 
toward the moon. 	The solid mass of the. earth, DH, 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 n, so as to form a convex protuberance between 1 
and k, similar exactly to that which we have already described 
between r and i. 	As the difference between the attraction of 
the moon on the waters at z and the solid earth under the waters 
is nearly the same as the difference between its attraction on 
the latter and upon the waters at n, it follows that the height 
of the fluid protuberances at z and n are equal. 	In other 
words, the height of the tides on opposite sides of the earth, 
the one being under the moon and the other most remote from 
it, are equal. 

It appears, therefore.?  that the cause of the tides, so far as the 
action 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 as- 
suredly be no tides. 	We are to look for the cause, not in the 
attraction of the moon, but in the inequality of its attraction 
on 'different parts of the earth. 	The greater this inequality is, 
the greater will be the tides. 	Hence, as the moon is subject to 
a slight variation of distance from the earth, it will follow, that 
when it is at its least distance, or at the point called perigee, 
the tides will be greatest; and when it la at the greatest dis-
tance, or at the point called apogee, the tides will be least; 
not because the entire attraction of the moon in the former 
case is greater than in the latter, but because the diameter of 
the globe bearing a greater proportion to the lesser distance 
than the greater, there will be a greater inequality of attraction. 

2517. Effects of sun's attraction. — It will occur to those 
who bestow on these observations a little reflection, that all 
which we have stated in reference to the effects produced by 
the attraction of the moon upon the earth, will also be applica- 
ble to the attraction of the sun. 	This is undoubtedly true; but 
in the case of the sun the effects are, modified •in some very 
important respects. 	The sun is at 400 times a greater distance 
than the moon, and the actual amount of its attraction on the 
earth would, on that account, be 160,000 times less than that 
of the moon ; but the mass of the sun exceeds that of the moon 
in a much greater ratio than that of 160,000 to 1. 	It there- 
fore possesses a much greater attracting power in virtue of its 
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mass, compared with the moon, than it loses by its greater dis- 
tance. 	It exercises, therefore, upon the earth an attraction 
enormously greater than the moon exercises. Now, if the simple 
amount of its attraction were, as is commonly supposed, the 
cause of the tides, the sun ought to produce a vastly greater 
tide than the moon. 	The reverse is, however, the case, and the 
cause is easily explained. 	Let it be remembered that the tides 
are due solely to the inequality of the attraction on different 
sides of the earth, and the greater that inequality is, the greater 
will be the tides, and the less that inequality is, the less will be 
the tides. 

In the case of the sun, the total distance is 12,000 diameters 
of the earth, and consequently the difference between its dis-
tances from the one side and the other of the earth will be only 
the 12,000th part of the whole distance, while in the case of 
the moon, the total distance being only 30 diameters of the 
earth, the difference of the distances from one side and the other 
is the 30th part of the whole distance. 	The inequality of the 
attraction, upon which alone, and not on its whole amount, the 
production of the tidal wave depends, is therefore much greater 
in the case of the moon. 	According to Newton's calculation, 
the•tidal wave due to the moon is greater in height than that 
due to the sun in the ratio of 58 to 23, or 2} to 1 very nearly. 

2518. Cause of spring and neap tides. — There is, therefore, 
a solar as well as a lunar tide wave, the former being much less 
elevated than the latter, and each following the luminary from 
which it takes its name. 	When the sun and moon, there- 
fore, are either on the same side of the earth, or on the opposite 
sides of the earth—in other words, when it is new or full moon—
their effects in producing tides are combined, and the spring 
tide is produced, the height of which is equal to the solar and 
lunar tides taken together. 

On the other hand, when the sun and moon are separated 
from each other by a distance of one fourth of the heavens, that 
is, when the moon is in the quarters, the effect of the solar tide 
has a tendency to diminish that of the lunar tide. 

The tides produced by the combination of the lunar and solar 
tide waves at the time of new and full moon are called sritpro, 
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 
I. 5 
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moon. —If physical effects followed immediately, without any 
appreciable interval of time, the operation of their causes, then 
the tidal wave produced by the moon would be on the meridian 
of the earth directly under and opposite to that luminary; and 
the same would be true of the solar tides. 	But the waters of 
the globe have, in common with all other matter, the property 
of inertia, and it takes a certain interval of time to impress upon 
them a certain change of position. 	Hence it follows that the 
tidal wave produced by the moon is not formed immediately 
under that bbdy, but follows it at a certain distance. 	In conse- 
quence of this, the tide raised by the moon does not take place 
for two or three hours after the moon passes the meridian ; and 
as the action of the sun is still more feeble, there is a still 
greater interval between the transit of the sun and occurrence 
of the solar tide. 

2520. Priming and lagging 	of the tides. —But 	besides 
these circumstances, the tide is affected by other causes. 	It 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 ac. 
celerated or retarded by the sun. 	In the fifst and third quar- 
ters of the moon, the solar tide is westward of the lunar one ; 
and, consequently, the actual high water, which is the result of 
the combination of the two waves, will be to the westward of 
the place it would have if the moon acted alone, and the time 
of high water will therefore be accelerated. 	In the second and 
fourth quarters the general effect of the sun is, for a similtu 
reason, to produce a retardation in the time of high water. 	This 
effect, produced by the sun and moon combined, is what is com-
monly called the priming and lagging of the tides. The highest 
spring tides occur when the moon passes the meridian about an 
hour after the sun; for then the maximum effect of the twc 
bodies coincides. 

2521. Researches of Whewell and Lubbock. — The subject of 
the tides has of late years received much attention from several 
scientific investigators in Europe. 	The discussions held at the 
annual meetings of the British Association for the Advancement 
of Science, on this subject, have led to the development of much 
useful information. 	The labours of Professor Whewell have 
been especially valuable on these questions. 	Sir John Lubbock 
has also published a valuable treatise upon it. 	To trace the 
results of these investigations in all the details which would 
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render them clear and intelligible, would greatly transcend the 
necessary limits of this volume. 	We shall, however, briefly 
advert to a few of the most remarkable points connected with 
these questions. 

2522. Vulgar and corrected establishment. — The apparent 
time of high water at any port in the afternoon of the day of 
new.or full moon, is what is usually called the establishment of 
the port. 	Professor Whewell calls this the vulgar establishment, 
and he calls the corrected establishment the mean of all the in- 
tervals of the tides and transit of half a month. 	This corrected 
establishment is consequently the luni-tidal interval correspond-
ing to the day on which the moon passes the meridian at noon 
or midnight. 

2523. Diurnal inequality. — The two tides immediately fol-
lowing one another, or the tides of the day and night, vary, both 
in height and time of high water at any particular place, with 
the distance of the sun and moon from the equator. 	As the 
vertex of the tide wave always tends to place itself vertically 
under the luminary which produces it, it is evident that of two 
consecutive tides that which happens when the moon is nearest 
the zenith or nadir will be greater than the other; and, conse-
quently, when the moon's declination is of the same denomina-
tion as the latitude of the place, the tide which corresponds to 
the upper transit will be greater than the opposite one, and vice 
versa, the difference being greatest when the sun and moon 
are in opposition, and in opposite tropics. 	This is called the 
DIURNAL INEQUALITY, because its cycle is one day ; but it varies 
greatly at different places, and its laws, which appear to be 
governed by local circumstances, are very imperfectly known. 

2524. Local effects of the land upon the tides. — We have 
now described the principal phenomena that would take place 
were the earth a sphere, and covered entirely with a fluid of 
uniform depth. 	But the actual phenomena of the tides are 
infinitely more complicated. 	From the interruption of the land, 
and the irregular form and depth of the ocean, combined with 
many other disturbing circumstances, among which are the 
inertia of the waters, the friction on the bottom and sides, the 
narrowness and length of the channels, the action of the wind, 
currents, difference of atmospheric pressure, &c., &c., great 
variation takes place in the mean times and heights of high 
water at places differently situated. 

L 6 
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2525. Velocity of tidal wave. — In the open ocean the crest 
of tide travels with enormous velocity. 	If the whole surface 
were uniformly covered with water, the summit of the tide 
wave, being mainly governed by the moon, would everywhere 
follow the moon's transit at the same interval of time, and con-
sequently travel round the earth in a little more than twenty- 
four hours. 	But the circumference of the earth at the'equator 
being about 25,000 miles, the velocity of propagation would 
therefore be about 1,000 miles per hour. 	The actual velocity 
is, perhaps, nowhere equal to this, and is very different at 
different places. 	In latitude 60° south, where there is no 
interruption from land (excepting the narrow promontory of 
Patagonia), the tide wave will complete a revolution in a lunar 
day, and consequently travel at the rate of 670 miles an hour. 
On examining Mr. Whewell's map of cotidal lines, it will be seen 
that the great tide wave from the Southern Ocean travels from 
the Cape of Good Hope to the Azores in about twelve hours, 
and from the Azores to the southernmost part of Ireland in 
about three hours more. 	In the Atlantic, the hourly velocity 
in some cases appears to be 10° latitude, or 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 
shallower water, the velocity is less. 	From Buchanness to 
Sunderland it is about 60 miles an hour; from Scarborough to 
Cromer, 35 miles;; from the North Foreland to London, 30 
miles; from London to Richmond, 13 miles an hour in that 
part of the river. 	(Whewell, Phil. Trans. 1833 and 1336.) 
It is scarcely necessary to remind the reader that the above 
velocities refer to the transmission of the undulation, and are 
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 configuration of the land, and is very different at different 
places. 	In deep inbends of the shore, open in the direction of 
the tide wave and gradually contracting like a funnel, the con-
vergence of water causes a very great increase of the range. 
Hence the very high tides in the Bristol Channel, the Bay of St. 
Malo, and the Bay of Fundy, where the tide is said to rise some- 
times to the height of one hundred feet. 	Promontories, under 
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certain circumstances, exert an opposite influence, and diminish 
the magnitude of the tide. 	The observed ranges are also very 
anomalous. 	At certain places on the south-east coast of Ire- 
land, the range is not more than three feet, while at a little dis-
tance on each side it becomes twelve or thirteen feet ; and it is 
remarkable that these low tides occur directly opposite the 
Bristol Channel, where (at Chepstow) the difference between 
high and low water amounts to sixty feet. 	In the middle of 
the Pacific it amounts to only two or three feet. At the London 
Docks, the average range is about 22 feet ; at Liverpool, 15.5 
feet; at Portsmouth, 12.5 feet ; at Plymouth, also 12.5 feet ; at 
Bristol, 33 feet. 

2527. Tides affected by the atmosphere. — Besides the nu-
merous causes of irregularity depending on the local circum-
stances, the tides are also affected by the state of the atmosphere. 
At Brest, the height of high water varies inversely as the height 
of the barometer, and rises more than eight inches for a fall of 
about half an inch of the barometer. At Liverpool, a fall of one-
tenth of an inch in the barometer corresponds to a rise in the 
river Mersey of about an inch ; and at the London Docks, a fall 
of one-tenth of an inch corresponds to a rise in the Thames of 
about seven-tenths of an inch. 	With a low barometer, there- 
fore, the tide may be expected to be high, and vice versa. 	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 Gainshorough, 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 ebb-
ing, and never flowed until the river was dry in some places; 
while at Ostend, toward which the wind was blowing, contrary 
effects were observed. 	During strong north-westerly gales the 
tide marks high water earlier in the Thames than otherwise, 
and does not give so much water, while the ebb tide runs out 
late, and marks lower; but upon the gales abating and weather 
moderating, the tides put in and rise much higher, while they 
also run longer before high water is marked, and with more 
velocity of current: nor do they run out so long or so low. 

2528. The trade winds.—The great atmospheric currents thus 
denominated, from the 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 atmos-
pheric ocean, which coats the terrestial globe, to the action of 
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solar heat ; the expansion and contraction that air, in common 
with all gaseous bodies, suffers from increase and diminution of 
temperature ; the tendency which lighter fluids have to rise 
through heavier ; and, in fine, the rotation of the earth upon its 
axis. 

The regions in which the TRADES prevail are two great tropi-
cal belts extending through a certain limited number of degrees 
north and south of the line, but not prevailing on the line itself, 
the atmospherical character of which is an almost constant calm. 
The permanent currents blow in the northern tropical belt from 
the north-east, and in the southern from the south-east. 

On the other hand, in the higher latitudes of both hemi-
spheres the prevalent atmospheric currents are directed from 
west to east, redressing, as it were, the disturbance produced by 
the trades. 

To understand the cause of these phenomena, it is necessary 
to remember that the sun, never departing more than 23e from 
the celestial equator, is vertical daily to different points around 
the tropical regions, the rotation of the earth bringing these 
points successively under his disk. 	The sun, at noon, for places 
within the tropics, is never so much as 23e from the zenith. 
The intertropical zone from these causes becomes much more 
intensely heated upon its surface than the parts of either hemi- 
sphere at higher latitudes. 	This heat, reflected and radiated 
upon the incumbent atmosphere, causes it to expand and become 
specifically lighter, and it ascends as smoke and heated air do 
in a chimney. 	The space it deserts is filled by colder and 
therefore heavier air, which rushes in from the higher parts of 
either hemisphere; while the air thus displaced, raised by its 
buoyancy above its due level, and unsustained by any lateral 
pressure, flows down towards either pole, and, being cooled 
in its course and rendered heavier, it descends to the surface of 
the globe at those upper latitudes from which the air had been 
sucked in towards the line by its 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 inter-
tropical surface and then flowing towards the extratropical 
regions, where it descends to the surface to be again Bucked 
towards the line. 

But in this view of the effects, the rotation of the earth on its 
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axis is not considered. 	In that rotation the atmosphere par- 
ticipates. 	The air which rises from the intertropical surfaces 
carries with it the velocity of that surface, which is at the rate 
of about 1,000 miles an hour from west to east. This velocity it 
retains to a considerable extent after it has passed to the higher 
latitudes and descended to the surface, which moving with much 
less velocity from west to east, there is an effective current pro-
duced in that direction equivalent to the excess of the eastward 
motion of the air over the eastward motion of the surface of the 
earth. 	Hence arises the prevalent westward winds, especially 
at sea, where causes of local disturbance are not frequent, which 
are so familiar, and one of the effects of which has been, that, 
while the average length of the trip of good sailing vessels from 
New York to Liverpool has been only twenty days, that of the 
trip from Liverpool to New York has been thirty-five days. 

By the friction of the earth and other causes, the air, however, 
next the surface, at length acquires a common velocity with it, 
and when it is, as above described, sucked towards the line to 
fill the vacuum produced by the air drawn upwards by the solar 
heat, it carries with it the motion from west to east which it 
had, in common with the surface, at the higher latitudes. 	But 
the surface 'at the line has a much greater velocity than this 
from west to east. 	The surface, therefore, and all objects upon 
it, are carried against the air with the relative\ velocily of the 
surface and the air, that is to say, with the effect of the difference 
of their velocities. 	Since the surface, and the objects upon it, 
are carried eastward at a much less rate than the air which 
has just descended from the higher latitudes, they will strike 
against the air with a force proportional to the difference of 
their velocities, and this force will have a direction contrary to 
that of the motion of the surface, that is to say, from east to west. 

But it must be considered that this eastward force, due to the 
motion of the earth's surface, is combined with the force with 
which the air moves from the extratropical regions towards the 
line. 	Thus, in the northern hemisphere, the force eastward is 
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 southeastern current which pre- 
vails south of the line. 	_ _ 
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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 rotatory velocities proper to 
the two situations would be so great, as to produce, not merely 
a wind, but a tempest of the most destructive, violence; and the 
same observation would be equally applicable to masses of air 
transported in the contrary direction. 	But this is not the case ; 
the advance of the air is gradual, and all the while the earth is 
continually acting on the air, and by the friction of its surface 
accelerating or retarding its velocity. 	Supposing its progress 
to cease at any point, this cause would almost immediately com-
municate to it the deficient or deprive it of the excessive motion 
of rotation, after which it would revolve quietly with the earth 
and be at relative rest. 	We have only to call to mind the com- 
parative thinness of the coating of air with which the globe is 
invested (2323) and its immense mass, exceeding, as it does, 
the weight of the atmosphere at least 100,000,000 times, to ap-
preciate the absolute command of any extent of territory of the 
earth over the atmosphere immediately incumbent upon it. 

It appears, therefore, that these currents, as they approach 
the equator on the one side and the other, must gradually lose 
their force ; their exciting cause being the difference of the 
magnitude of the parallels of latitude; and this difference being 
evanescent near the line, and very inconsiderable within many 
degrees of it, the equalising force of the earth above described 
is allowed to take full effect : but, besides this, the currents 
directed from the two poles encounter each other at the line, 
and destroy each other's force. 	Hence arises the prevalence of 
those calms which characterise the line. 

CHAP. XI. 

THE sm. 

2529. Apparent and real magnitude. — Owing to the ellip-
ticity of the earth's orbit, the distance of the sun is subject to a 
periodical variation, which causes, as has been already explained, 
a corresponding variation in its apparent magnitude. 	Its 
greatest apparent diameter, when in perihelion, is 32' 35"-G, or 
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1955".6,,and its least apparent magnitude, when in aphelion, is 
31' 30", or 1890". 	Its 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 actual length of the diameter of the globe of the sun is 

1923 x 466 :896,118 miles. 

The real magnitude of the sun may also be easily inferred in 
round numbers from that of the moon. 	The apparent diameter 
of the moon being equal in round numbers to that of the sun, 
and the distance of the sun being 400 times greater than that 
of the moon, it follows that the real diameter of the sun must be 
400 times greater than that of the moon. It must,_ therefore, be 

2153 x 400 = 861,200 miles. 

By methods of calculation susceptible of closer approximation 
than these, it has been found that the magnitude is 882,000 
miles, or 111/7,y  times the diameter of the earth. 	• 

2530. 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 imperfect, of them. 	The expedient which best serves 
to obtain some adequate idea of them is, to compare them with 
some standard, stupendous 	by comparison with all ordinary 
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 sun, such a sun might be placed 
within the actual sun, leaving between their surfaces a distance 
of 200,000 miles. 	Such a sun, seen from the earth, would have 
an apparent diameter little more than half the diameter of the 
actual sun. 

2531. Surface and volume.— Since the surfaces of globes 
are as the squares, and their volumes as the cubes, of their 
diameters, it follows that the surface of the, sun must be 12,500 
times, and its volume 1,400,000 times, greater than those of the 
earth. 
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Thus, to form a globe like the sun it would be 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-hundredth part the globe of the sun : in other words, 
the bulk of the sun is five hundred times greater than the aggre-
gate bulk of all the rest of the bodies of the system. 

2532. Its mass and density.—By methods of calculation and 
observation, which will be explained 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 354,936 
to 1. 

By comparing this proportion of the quantities of ponderable 
matter in the sun and earth with their relative volumes, it will 
be evident that the mean density of the matter composing the 
sun must be about four times less than the mean density of the 
matter composing the earth; for although the volume of the 
sun exceeds that of the earth in the ratio of 1,400,000 to 1, its 
weight or mass exceeds that of the earth in the lesser ratio of 
355,000 to 1, the latter ratio being four times 'less than the 
former. 	Bulk for bulk, therefore, the sun is four times lighter 
than the earth. 

Since the mean density of the earth is 5.67 times that of 
water (2393), 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, 
Herschel infers the probability that an intense heat prevails in 
its interior, by which its elasticity is reinforced, and, rendered 
capable of resisting the almost inconceivable pressure due to 
its 	intrinsic gravitation, without collapsing into smaller di- 
mensions. 

2533. Form and rotation — axis of rotation. — Although to 
minds unaccustomed to the rigour of scientific research, it might 
appear sufficiently evident, without further demonstration, that 
the sun is globular in its form, yet the more exact methods 
pursued in the investigation of physics demand that we should 
find more conclusive proof of the sphericity of the solar orb than 
the mere fact that the disk of the sun is always circular. 	It is 
barely possible, however improbable, that a fiat circular disk of 
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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 appear- 
ance as well as a globe or sphere. 	To prove, then, that a body 
is globular, something more is necessary than the mere fact that 
it always appears circular. 

When a telescope is directed to the sun, we discover upon it 
certain marks or spots, of which we shall speak more fully pre- 
sently. 	We observe that these marks, while they preserve the 
same relative position with respect to each other, move regularly 
from one side of the sun to the other. 	They disappear, and 
continue to be invisible for a certain time, come into view again 
on the other -side, and so once more pass over the sun's disk. 
This is an effect which would evidently be produced by marks 
on the surface of a globe, the globe itself revolving on an axis, 
and carrying these marks upon it. 	That this is the case, is 
abundantly proved by the fact that the periods of rotation for 
all these marks are found to be exactly the same, viz., about 
twenty-five days and a quarter, or more exactly 25d• 7h.  481n. 
Such is, then, the time of rotation of the sun upon its axis, 
and that it is a globe remains no longer doubtful, since a globe 
is the only body which, while it revolves with a motion of ro-
tation, would always present the circular appearance to the eye. 
The axis on which the sun revolves is very nearly perpendi-
cular to the plane of the earth's orbit, and the motion of rotation 
is in the same direction as the motion of the planets round the 
sun, that is to say, from west to east. 

2534. Spots. —One of the earliest fruits of the invention of 
the telescope was the discovery of the spots upon the sun; and 
the examination of these has gradually led to some knowledge 
of the physical constitution of the centre of attraction and the 
common fountain of light and heat of our system. 

When we submit a solar spot to telescopic examination, we 
discover its appearance to be that of an intensely black irregu- 
larly shaped patch, edged with a penumbral fringe. 	When 
watched for a considerable time, it is found to undergo a gradual 
change in its form and magnitude; at first increasing gradually 
in size, until it attain some definite limit of magnitude, when it 
ceases to increase, and soon begins, on the contrary, to diminish; 
and its diminution goes on gradually, until at length, the bright 
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sides closing in upon the dark patch, it dwindles first to a mere 
point, and finally disappears altogether. 	The period which 
elapses between the- formation of the spot, its gradual enlarge-
ment, subsequent diminution, and final disappearance, is very 
various. 	Some spots appear and disappear very rapidly, while 
others have lasted for weeks and even for months. 

The magnitude of the spots, and the velocities with which 
the matter composing their edges and fringes moves, as they 
increase and decrease, are on a scale proportionate to the 
dimensions of the orb of the sun itself. 	When it is considered 
that a space upon the sun's disk, the apparent breadth of which 
is only a minute, actually measures (2457) 

466 x 60 = 27,960 miles, 
and that spots have been frequently observed, the apparent 
length and breadth of which have exceeded 2', the stupendous 
magnitude of the regions they occupy may be easily conceived. 

The velocity with which the luminous matter at the edges of 
the spots occasionally moves, during the gradual increase or 
diminution of the spot, has been in some cases found to be 
enormous. 	A spot, the apparent breadth of which was 90", 
was observed by Mayer to close in about 40 days. 	Now, the 
actual linear dimensions of such a spot must have been 

466 x 90 = 41,940 miles, 

and consequently, the average daily motion of the matter com-
posing its edges must have been 1050 miles, a velocity equi-
valent to 44 miles an hour. 

2535. Cause of the spots—physical state of the sun's sur-
face.— Two, and only two, suppositions have been proposed to 
explain the spots. 	One supposes them to be scorim, or dark 
scales of incombustible matter, floating on the general surface 
of the sun. 	The other supposes them to be excavations in the 
luminous matter which coats the sun, the dark part of the spot 
being a part of the solid non-luminous nucleus of the sun. 	In 
this latter hypothesis it is assumed that the sun is a solid non-
luminous globe, covered with a coating of a certain thickness 
of luminous matter. 

That the spots are excavations, and not mere black patches 
on the surface, is proved by the following observations: If we 
select a spot which is at the centre of the sun's disk, having 
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some definite form, such as that of a circle, and watch its 
changes of appearance, when, by the rotation of the sun, it is 
carried toward the edge, we find, first, that the circle becomes 
an oval. 	This, however, is what would be expected, even if 
the spot 'were a circular patch, inasmuch as a circle seen 
obliquely is foreshortened into an oval. 	But we find that as 
the spot moves toward the side of the sun's limb, the black 
patch gradually disappears, the penumbral fringe on the inside 
of the spot becomes invisible, while the penumbral fringe on the 
outside of the spot increases in apparent breadth, so that when 
the spot approaches the edge of the sun, the only part that is 
visible is the external penumbral fringe. 	Now, this is exactly 
what would occur if the spot were an excavation. 	The pen- 
umbral fringe is produced by the shelving of the sides of the 
excavation, Sloping down to its dark bottom. 	As the spot is 
carried toward the edge of the sun, the height of the inner 
side is interposed.between the eye and the bottom of the exca- 
vation, so as to conceal the latter from view. 	The surface of 
the inner shelving side also taking the direction of the line of 
vision or very nearly, diminishes in apparent breadth, and 
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 
blackness is produced by the fact that the part constituting the 
dark portion of the spot is either a surface totally destitute of 
light, or by comparison so much less luminous than the general 
surface of the sun as to appear black. 	This fact, combined 
with the appearance of the penumbral edges of the spots, has 
led to the supposition, advanced by Sir W. Herschel, which ap-
pears scarcely to admit of doubt, that the solid, opaque nucleus, 
or globe of the sun, is invested with at least two atmospheres, 
that which is next the sun being, like our own, non-luminous, and 
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• and the superior one being that alone in which light and heat are 

evolved ; at all events, whether these strata be in the gaseous 
state or not, the existence of two such, one placed above the other, 
the superior one being luminous, seems to be exempt from doubt. 

2537. Spots may not be black.—We are not warranted in 
assuming that the black portion of the spots are surfaces really 
deprived of light, for the most intense artificial lights which 
can be produced, such, for example, as that of a piece'of quick-
lime exposed to the action of the compound blow-pipe, when 
seen projected on the sun's disk, appear as dark as the spots 
themselves; an effect which must be ascribed to the infinitely 
superior splendour of the sun's light. 	All that can be legiti- 
mately inferred respecting the spots, then, is, not that they are 
destitute of light, but that they are incomparably less brilliant 
than the general surface of the sun. 

2538. Spots variable.—The prevalence of spots on the sun's 
disk is both variable and irregular. 	Sometimes the disk will 
be completely divested of them, and will continue so for weeks 
or months; sometimes they will be spread over certain parts 
of it in profusion. 	Sometimes the spots will be small, but 
numerous ; sometimes individual spots will appear of vast 
extent ; 	sometimes they will be manifested in groups, the 
penumbrw or fringes being in contact. 

The duration of each spot is also subject to great and 
irregular variation. 	A spot has appeared and vanished in less 
than twenty-four hours, while some have maintained their 
appearance and position for nine or ten weeks, or during nearly 
three complete revolutions of the sun upon its axis. 

A large spot has sometimes been observed suddenly to 
crumble into a great number of small ones. 

2539. Prevail generally in two parallel zones.—The only 
circumstance of regularity which can be said to attend these 
remarkable phenomena is their position upon the sun. 	They 
are invariably confined to two moderately broad zones parallel 
to the solar equator, separated from it by a space several 
degrees in breadth. 	The equator itself, and this space which 
thus separates the macular zones, are absolutely divested of 
such phenomena. 

Thus, for example, in the latter part of 1836 and the 
beginning of 1837, when a large number of spots became 
apparent, their position was such as is represented in fig. 728., 
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where E Q represents the sun's equator, and m m' n n' the 
northern; and pp' q q' the southern macular zones. 
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Fig. 728. 

2540. Observations and drawings of M. Capocci.—The as- 
tronomers who have within the last quarter of a century made 
the most important contributions, by their observations and 
researches, 	to this subject, are M. Capocci, of Naples, Dr. 
Pastorff, of Frankfort (on the Oder), and Sir John Herschel. 

M. 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, 
during the increase of the spot from its first appearance as a 
dark point, the edges were sharply defined, without any in- 
dication of the gradually fading away of the fringes into the 
dark central spot, or into each other; a character which was 
again observed by Sir J. Herschel, in 1837. He found, however, 
that the same character was not maintained when the sides 
began to contract and the spots to diminish : during that 
process the edges were less strongly defined, being apparently 
covered by a sort of luminous atmosphere, which often extended 
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so completely across the dark nucleus as to throw a thin thread 
of light across it, after which the spot soon filled up and dis- 
appeared. 	Capocci concurs with Sir W. Herschel in regarding 
the internal fringes surrounding the dark nucleus as the section 
of the inferior stratum of the atmosphere which forms the 
coating of the sun ; he nevertheless thinks that there are indi-
cations of solid as well as gaseous luminous matter. 

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 re- 
gretted, however, that lie has not given any measures, either in 
his memoirs or upon his drawings, by which the position or 
magnitude of the spots can be determined. 

2541. Observations and drawings of Dr. Pastor:if, 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 VI. from observations made in Sep-
tember and October, contemporaneously with those of M. Ca- 
pocci. 	Pastorff gives the position of all, and the dimensions of 
the principal spots. The numbers on the horizontal and vertical 
lines express the apparent distances of the spots severally from 
the limb of the sun in each direction. 	The actual dimensions 
may be estimated by observing that 1" measured at right angles 
to the visual ray represents 466 miles. 

2542. Observations and drawings of Pastorff, in 1828.—In 
May and June, 1828, a profusion of spots were developed, 
which were observed and delineated by Pastorff with the most 
elaborate accuracy. 

In Plate VII. fig. 1. represents the positions of the spots as 
they appeared on the disk of the sun on the 24th of May, at 
10 A. w. and figs. 2, 3, 4, and 5, represent their forms and 
magnitudes. The letters A, B, C, 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 
stupendous; measured in a plane at right angles to the visual 
line, the length was 466 x 100 = 46,600 miles, and the breadth 
466 x 60 = 27,960 miles. 
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The apparent breadth of the black bottom of the spot was 40", 
which corresponds to an actual breadth of 466 x 40 = 18,640 
miles. 	SO that the globe of the eath might pass through such 
a hole, leaving a distance of upwards of 5000 miles between its 
surface and the edges of the chasm. 

The superficial dimensions of the several groups of spots 
observed on the sun on the 24th of May, at 10 A. nr., including 
the shelving sides, were calculated to be as follows : — 

Square Geog. billet. 
Group A, principal spot 	- 	- 	- 	928,000,000 
Ditto, smaller spots 	- 	- 	- 	- 	736,000,000 
Group 33 	- 	- 	- 	- 	296,000,000 
Group C , 	- 	- 	- 	- 	- 	232,000,000 
Group D 	. 	 - 	- 	- 	- 	304,000,000 

Total area 	- 	- 	- 	2,496,000,000 

Thus it appears that the principal spot of the group A 
covered a space equal to little less than five times the entire 
surface of the earth ; and the total area occupied by all the 
spots collectively amounted to more than twelve times that 
surface. 

On the days succeeding the 24th of May, all the spots were 
observed to change their form and magnitude from day to day. 
The great spot of the group A, which even when so close to the 
limb of the sun as 5', 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 new spot of considerable 
magnitude made its appearance on the 13th of June, at the 
eastern edge of the disk, which gradually increased in magni- 
tude for eight days. 	On the 21st of June, at half-past 9 in the 
Morning, the disk of the sun exhibited the spots whose position 
is represented in fig. 6. Plate VII., and whose forms and mag- 
nitudes are indicated in figs. 7, 8, 9, and 10. 	. 

The chief spot of the group A was nearly circular, and mea-
sured 64" in apparent diameter, the diameter of its dark base be-
ing about 30", which, without allowing for projection, represent 
actual lengths of 466 x 64=29,824 miles, and 466 x 30=13,980 
miles, the former being above 31 times, and the latter nearly lit 
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times the earth's diameter.. The process of formation of this spot, 
surrounded by luminous clouds, was clearly seen. The shelving 
sides were traversed by luminous ravines or rills, converging 
towards the centre of the black nucleus, and exhibiting the ap-
pearance which Capocci compared to the structure of the iris. 

On the same day (the 21st), another large spot, n, fig. 8. 
appeared, which measured 60" by 40". 

Pastorff rejects the supposition that these spots were, the 
mere reappearances of those which had been observed on the 
24th of May, since they differed essentially in their form, and 
still more in their entourage. 

2543. Observations of Sir J. Herschel in 1837.—Sir J. 
Herschel, at the Cape of Good Hope, in 1837, observed the 
spots which at that time appeared upon the sun, and has given 
various drawings of them in his Cape Observations. 	These 
diagrams do not differ in any respect in their general character 
from those of Capocci and Pastorff. 	Sir J. Herschel recognised 
on this occasion the striated or radiated appearance in the 
fringes already noticed by Capocci and Pastorff. 	He thinks 
that this structure is intimately connected with the physical 
agency by which the spots are produced. 

2544. Boundary of fringes distinctly defined.—It is observed 
by Sir J. Herschel that one of the most universal and striking 
characters of the solar spots is, that the penumbral fringe and 
black spot are distinctly defined, and do not melt gradually one 
into the other. 	The spots are intensely black, and the penum- 
bral fringe of a perfectly uniform degree of shade. 	In some 
cases there are two nuances of fringe, one lighter than the 
other; but in that case no intermixture or gradual fading 
away of one into the other is apparent. 	" The idea conveyed," 
observes Sir J. Herschel, " is more that of the successive with-
drawal of veils,—the partial removal of definite films,—than 
the melting away of a mist or the mutual dilution of gaseous 
media." 	This absence of all graduation, this sharply marked 
suddenness of transition, is, as Sir J. Herschel also notices, en-
tirely opposed to the idea of the easy miscibility of the lumin-
ous, non-luminous, and semi-luminous constituents of the solar 
envelope. 

2545. Solar facules and lucules. —Independently of the dark 
spots just described, the luminous part of the solar disk is not 
uniformly bright. 	It presents a mottled appearance, which 
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may be compared to that which would be presented by the un-
dulated and agitated surface of an ocean of liquid fire, or to a 
stratum of luminous clouds of varying depth and having an 
unequal surface, or the appearance produced by the slow subsi-
dence of some flocculent chemical precipitates in a transparent 
fluid, when looked at perpendicularly from above. 	In the space 
immediately around the.edges of the spots extensive spaces are 
observed, also covered with strongly defined curved or branching 
streaks, more intensely luminous than the other parts of the 
disk, among which spots often break out. 	These several varie- 
ties in the intensity of the brightness of the disk have been 
differently designated by the terms facules and lucules. 	These 
appearances are generally more prevalent and strongly marked 
near the edges of the disk. 

2546. Incandescent coating of the sun gaseous. — Various 
attempts have been made to ascertain by the direct test of obser-
vation, independently of conjecture or hypothesis, the physical 
state of the luminous matter which coats the globe of the sun, 
whether it be solid, liquid, or gaseous. 

That it is not solid is admitted to be proved conclusively by 
its extraordinary mobility, as indicated by the rapid motion of 
the edges of the spots in closing; and it is contended that a fluid 
capable of moving at the rate of 44 miles per hour cannot be 
supposed to be liquid, an elastic fluid alone admitting of such a 
motion. 

2547. Test of this proposed by Arago. —Ain° 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 aeriform fluid in a state of incandescence (1.584). 
This test proposed is based upon the properties of polarised 
light. 	 • 

It has been proved that the light emitted from an incandes-
cent body in the liquid or solid state, issuing in directions very 
oblique to the surface, even when the body emitting it is not 
smooth or polished, presents evident marks of polarisation, so 
that such a body, when viewed through a polariscopic telescope, 
will present two images in complementary colours (1290). 	But, 
on 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. 
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2548. Its result.— The light proceeding from the disk of the 
sun bas been accordingly submitted to this test. 	The rays pro- 
ceeding from its borders evidently issue in a direction as oblique 
as possible to the surface, and therefore, under the condition 
most favourable to polarisation, if the luminous matter were 
liquid. 	Nevertheless, the borders of the double image produced 
by the polariscope show no signs whatever of complementary 
colours, both being equally white even at the very edges. 

This test is only applicable to the luminous matter at or near 
the edge of the disk, because it is from this only that the rays 
issue with the necessary obliquity. But since the sun revolves 
on its axis (2533), every part of its surface comes in succession 
to the edge of the disk; and thus it follows that the light ema-
nating from every part of it is in its natural or unpolarised 
state, even when issuing at the greatest obliquity; and, conse-
quently, that the luminous matter is every where gaseous. 

2549. The sun probably invested with a double gaseous coat-
ing.—All the phenomena which have been here described, and 
others which our limits compel us to omit, are considered as 
giving a high degree of physical probability to the hypothesis 
of Sir W. Herschel already noticed, in which the sun is con-
sidered to be a solid, opaque, non-luminous globe invested by two 
concentric strata of gaseous matter, the first, or that which 
rests immediately on the surface, being non-luminous, and the 
other, which floats upon the former, being 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, the condition 
of our atmosphere would represent the two strata on the sun. 

The spots in this hypothesis are explained by occasional open-
ings in the luminous stratum by which parts of the opaque 
and non-luminous surface of the solid globe are disclosed. These 
partial openings may be compared to the openings in the clouds 
of our sky, by which the firmament is rendered partially visible. 

The apparent diameter of the sun is not, therefore, the 
diameter of the solid globe, but that of the globe bounded by 
the surface of the superior or luminous atmosphere; and this 
circumstance may throw some light upon the small computed 
mean density of the sun, since considering the high degree of 
rarefaction which must be supposed to characterise these 
atmospheric strata, and especially the superior one, the density 
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of the Solid globe will necessarily be much .more considerable 
than the mean density of the -volume in which such rarefied 
matter is incliided. 

2550, .4 third gaseous atmosphere probable.:— Many cir-
cumstances supply indications of the existence of a gaseous 
atmosphere of great extent above the luminous matter which 
forms the visible surface of The sun. 	lit 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 atmosphere, whereas if no such 
gaseous medium surrounded it, the reverse of such an effect 
might be expected, since then the thickness of the luminous 
coating measured in the direction of the visual- ray would be 
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 3. Herschel in 11837„ so 
conclusively, indeed, as to leave no doubt whatever of its 
reality on the mind of that eminent observer. 	By projecting 
the image of the sun's disk on white paper by means of a good 
achromatic telescope, this diminution of light towards the 
borders. was on that occasion rendered So apparent, that it 
appeared to hint 'surprising that it should ever have been 
questioned. 

2551. Its existence indicated by solar eclipses. — But the 
most conclusive proofs of the existence of suck 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 of this volume. 

2552. Sir J. flerschel's hypothesis to explain the solar spots, 
,... The immediate cause of the. spots being proved to be 
Occasional 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 imagined to produce 
dynamical phenomena on a scale so 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 a 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,. 
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tornadoes, waterspouts, and other violent 	atmospheric dis- 
turbances. 	On the planets, the same regions are marked by 
belts, appearances which are traced by analogy to the same 
physical causes as those which produce the trades and other 
atmospheric perturbations prevailing in the tropical and ultra- 
tropical zones. 	Analogy, 	therefore, 	suggests 	the 	inquiry, 
whether any physical agencies can exist upon the sun similar 
to those which produce these phenomena on the earth and 
planets. 

So far as relates to the earth it is certain, and so far as 
relates to the planets probable, that the immediate physical 
cause of these phenomena is the inequality of the exposure of 
the earth's surface to solar radiation, and the consequent 
inequality of temperature produced in different atmospheric 
zones, either by the direct or reflected calorific rays of the sun, 
combined with the earth's rotation (2528). 	But since the sun 
is itself the common fountain of heat, supplying to all, and 
receiving from none, no similar agency can prevail upon it. 
It remains, therefore, to consider whether the play of the phy-
sical principles which are in operation on the sun itself, irre-
spective of any other bodies of the system, can supply an 
explanation of such a local difference of temperature as, com-
bined with the sun's rotation, would produce any special 
physical effects on the macular zones by which the phenomena 
of the spots might be explicable. 	 • 

The heat generated by some undiscovered agency upon the 
sun is dispersed through the surrounding space by radiation. 
If; as may be assumed, the rate at which this heat is generated 
be the same on all parts of the sun, and if, moreover, the 
radiation be equally free and unobstructed from all parts of its 
surface, it is evident that an uniform temperature must be 
everywhere maintained. 	But if, from any local cause, the 
radiation be more obstructed in some regions than in others, 
heat will accumulate in the former, and 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 from the atmosphere with which to an height so 
enormous it is surrounded. 	If, however, this atmosphere have 
everywhere the same height and the same density, it will pre-
sent the same obstruction to radiation, and the effective radia• 
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tion which takes place through it, though more feeble than that 
which would be produced in its absence, is still uniform. 

But since the sun has a motion of rotation on its axis in 
25d. 7h. 48m., its atmosphere, like that of the earth, must par-
ticipate in that motion and the effects of centrifugal force upon 
matter so mobile: the equatorial zone being carried round with 
a velocity greater than 300 miles per second, while the polar 
zones are moved at a rate indefinitely slower, all the effects to 
which the spheroidal form of the earth is due will affect this 
fluid with an energy proportionate to its tenuity and mobility, 
the consequence of which will be that it will assume the form of 
an oblate spheroid, whose axis will be that of the sun's rota- 
tion. 	It will flow from the poles to the equator, and its height 
over the zones contiguous to the equator will be greater than 
over those contiguous to the poles, in a degree proportionate to 
the ellipticity of the atmospheric spheroid. 

Now, if this reasoning be admitted, it will follow that the 
obstruction to radiation produced by the 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 decreases towards the poles, exactly as happens 
on the earth from other and different physical causes. 

The effects of this inequality of temperature, combined with 
the rotation, upon the solar atmosphere, will of course be similar 
in their general character, and different only in degree from the 
phenomena produced by the like cause on the earth. 	Inferior 
currents will, as upon the earth, prevail towards' the equator, 
and superior counter-currents towards the poles (2528). 	The 
spots of the sun would, therefore, be assimilated 	to 	those 
tropical regions of the earth in which, for the moment, hurri-
canes and tornadoes prevail, the upper stratum which has come 
from the equator being temporarily carried downwards, dis-
placing 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 extent than the lower, and thus wholly 
or partially denuding the opaque surface of the sun below. 
Such processes cannot be unaccompanied by vorticose motions, 
which, left to themselves, die away by degrees, and dissipate, 
with this peculiarity, that their lower portions come to rest more 
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speedily than 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, so that their centre (as seen in our 
waterspouts, which are nothing but small tornadoes) appears 
to retreat upwards.* 

Sir J. Herschel maintains that all this agrees perfectly with 
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 
satisfactory, 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. 

2553. Calorific power of solar rays.—It has been already 
shown (2217) 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 strongest 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 85.9 per cent. of the rays which have passed through 
one such plate will pass through another.t 

2554. 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 in- 
volves the supposition 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 friction or 
by electric currents, and each of these causes have accordingly 
been suggested as a possible source of solar heat and light. 
According to the latter hypothesis, the sun would be a great 
ELECTRIC LIGHT in the centre of the system. 

* Herschel's Cape Observations, p. 434. 	f Ibid. p. 133. 
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CHAP. XII. 

THE SOLAR SYSTEM. 

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, mag-
nitudes, and relative position and arrangement of any surround-
ing 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 augmented if the objects observed 
are affected by various and complicated motions inter se. 	A 
general, who directs the evolutions of a battle, seeks an elevated 
position from which he can obtain, as far as it is practicable to 
do so, a bird's eye view of the field ; and it was at one time pro-
posed to employ captive balloons by which observers could be 
raised to a sufficient elevation above the plane of the military 
Manoeuvres. 

AU 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 is 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, increasing 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 affected, an inextricable confusion of changes of po-
sition, apparent and real, results, which involves the observer in 
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obscurity and difficulty, if his purpose be to ascertain the actual 
motions and relative distances and arrangement of the objects 
around him. 

2556. Peculiar dfficulties 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. 	These bodies all move nearly in one plane, 
and from that plane the observer never departs : he is, therefore, 
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 uncon-
scious, and which he can only ascertain by the apparent changes 
of position which they produce among the objects of his ob-
servation and inquiry. 

The difficulties arising out of these circumstances obstructed 
for ages the progress o.f,  astronomical science. 	The persuasion 
so universally 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 altogether 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 ap• 
parent 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 con-
clusions to be deduced from them ; while the other method first 
assumes, as known, that which we desire to ascertain, and then 
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shows that it is compatible with all the observed phenomena. 
Nevertheless, for elementary 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 
bodies of the system, showing, as we proceed, how their motions 
cause the phenomena which are observed in the heavens. 

2558. General arrangement of bodies composing the solar 
system.—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 direction as that of the earth. 

Several of these bodies are the centres of secondary systems, 
another order of smaller globes revolving round them respec-
tively in the same manner and according to the same dynamical 
laws as govern their own motion round the sun. 

2559. 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 SECONDARY PLANETS, SATELLITES, Or MOONS, one of them 
being our moon, which revolves round the earth as the earth 
itself revolves round the sun. 

2560. Primary carry with them the secondary round the sun. 
--The primary planets which are thus attended liy 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 primary as a common centre. 

2561. Planetary motions to be first regarded as circular, 
uniform, and in a common plane. —It will be conducive to the 
More easy and clear comprehension of the phenomena to con-
sider, in the first instance, the planets as moving round the 
sun as their common centre in exactly the same plane, in ex- 
Italy 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 
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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 departures of the several planets from the plane of the 
ecliptic, of their orbits from exact circles, and of their motions 
from perfect uniformity, will be easily introduced and*compre- 
hended. 	But even these will supply only a second approxima- 
tion. 	Further 	investigation will show series after series of 
corrections more and more minute in their quantities, and re-
quiring 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 supposi-
tions, which are only rough approximations to the truth, to 
others in more exact accordance with it, we, in fact, only follow 
the order of discovery itself, by which the laws of nature were 
thus gradually, slowly, and laboriously evolved from masses of 
obscure and inexact hypotheses. 

2563. Inferior and superior planets. — The concentric orbits 
of the planets then are included one within another, augment-
ing successively in their distances from the centre, so as in 
general to leave a great space between orbit and orbit. 	The 
third planet, proceeding from the sun outwards, is the earth. 
Two orbits, those of the planets called Mercury and Venus, are 
therefore included within 	the earth's orbit, whi6h 	itself is 
included within the orbits of all the other planets. 

Those planets which are included 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 in-
terval between two successive returns to the same point of its 
orbit, or, in short, the time it takes to make a complete revolu- 
tion round the sun. 	It is found by observation, as might be 
naturally expected, that the periodic time increases with the 
orbit, being much longer for the more distant planets; but, as 
will appear hereafter, this increase of the periodic time is not 
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 
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and motion of a planet as they appear to an observer on the 
earth are called qEOCENTRIC*; and as 	they 	would appear 
if the observer were transferred to the sun, are called HELIO- 
CENTRIC.* 

2567. Heliocentric motion deducible from geocentric. — Al-
though the apparent motions cannot be directly observed from 
the sun as a station, it is a simple problem of elementary geo-
metry to deduce them from the geocentric motions, combined 
with the relative distances of the earth and planet from the 
sun ; so that we are in a condition to state with perfect clear-
ness, precision, and certainty, all the phenomena which the mo-
tions of the planetary system would present, if, instead of being 
seen from the moveable station of the earth, they were witnessed 
from the fixed central station of the sun. 

2568. Relation between the daily heliocentrk motion and the 
period. — If the mean daily heliocentric motion of a planet be 
expressed by..a, and the periodic time in days by r, it is evident 
that a x p will express 360°, providing that a is expressed in 
degrees. 	Thus we shall have 

a°  X P = 360° ; 
and hence it follows, that if either the period p or the daily 
heliocentric motion be given, the other may be computed ; for 
we shall have 

ao = 360° 	360° p = _ 	--.. 
P 	a°  

It is usual to express a, not in degrees, but in seconds. 	In 
that case it will be necessary to reduce 360° also to seconds. 
We shall therefore have (2292) 

il  = 1296000_______ 	p — 1296000 
a , 

 
P 	 at/ 	 fir 

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 increase or decrease of A produced by 

* From the Greek wordsli(ge) and fixtos (hellos), signifying the earth 
and the sun, 
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the motions of the earth and planet. 	Now, since the earth and 
planet both move in the same direction round the sun with dif-
ferent 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 20; and if, while the 
earth moves through 1°, the planet move through i°, the daily 
increase or decrease of A will be j°. 

If we express, therefore, the daily synodic motion of a planet 
by a, its daily heliocentric motion by a, and that of the earth by 
6, we shall have, for an inferior planet, whose angular motion 
exceeds that of the earth, 

a = a ••-• c; 
and for a superior planet, whose angular motion is slower, 

a= e— 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° 	1296000 	1296000 a. = 	_ 	,,,, — 	— 

	

_, 	 ; P 	E 	 P 	 E 

and for a superior planet 

ao = 360° — 	an  = 
360° 	 1296000 

2
1296000 

E 	P 	 E 	 1,  
2571. Elongation.— The geocentric position of a planet in 

relation 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 is EAST 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 
nothing, it is said to be in conjunction, being then in the same 
direction 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 then in the quarter 
of the heavens directly opposite to the sun. 

It is evident that a planet which is in conjunction passes the 
meridian at or very near noon, and is therefore above the 
horizon during the da.y, and below it during the night. 

On the other hand, a planet which is in opposition passes 
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the meridian at or very near 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 fir-
mament during the latter part 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 elongations of a planet is called the SYNODIC 
PERIOD of the planet. 	Thus, the interval between two suc- 
cessive oppositions, or two successive eastern or western qua-
dratures, 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 sun. 	The former is dis- 
tinguished as SUPERIOR and the latter as INFERIOR conjunction. 

As inferior conjunction necessarily 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 
positions of the earth and planet, the one must gain upon the 
other 360° in such interval. 	To perceive this, let s, fig. 729. 
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 s 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 revo-
lution, the planet returns to the point r, the earth will have 
advanced from r' in the direction of the arrow, so that before 
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the next inferior conjunction oan take place the planet must 
pass beyond r, and overtake the earth. 	Let p' be the position 

• 

4 
P.  

Fig. 729. 

of the earth when this takes place, the planet being then Eft p. 
It is evident, therefore, that in the interval between two suc-,  
cessive inferior conjunctions the planet describes round the sun 
360°, together with the angle p s p, which the earth has 
described in the same interval. 	If this angle, described by the 
earth in the synodic period, be called A, the angle described 
by the planet in the same interval will be 360°4a. 

If P represent the place of the earth, and r' that of a superior 
planet in opposition, the earth leaving P, and having a more 
rapid angular motion round s, will get before the planet as the 
minute-hand 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 happen when the planet is at p', the earth in the synodic 
period will have made an entire revolution, and have in addition 
described the angle p 8 P, or A, which the planet has described. 
Thus, while A expresses the angle which the superior planet 
describes in the synodic period, 360° + A. expresses the angle 
described by the earth in the same time. 

If a, as before, express the daily synodic motion 
we sha'l have 

„ 	360° 	1296000, 0-- = 	gn_ 

of the planet, 

T 	 T 
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and consequently 

360° 	1296000 T— a° 	0.,, 
Thus, when the daily synodic motion is given, the synodic 

time can be computed, and vice versa. 
But since a = a —e, a = e — a (2569), according as the 

planet is inferior or superior, we shall have for an inferior 
planet 

366° 	360° 	360°, 
T — P — E 

and therefore - 
1 	1 	1 
T 	P 	E 

for an inferior planet, and 
360° 	 360° 	360° ..... T = E 	P 

and therefore 
1 	1 	1 
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 planet.— To de-
duce the apparent from the real mo- 

,.... 	tion of an inferior planet, let E, fig. 1 Op 
of the sun, and cb c' e the orbit of the 

1 

 a' 730., be the place of the earth, s that 

the direction planet;tll 	
h 
	of the

te 
 planet's
arrows 

 
motion being 

	
h 

 

the positions which it assumes suc- 
e 	cessively are indicated at c', a', e, a, 

11\

ir

i 
c, b, e', and V. 	Since the earth moves 
round the sun in the same direction 
as the planet, the apparent motion of 
the sun s will be from the left to the 
right of an observer looking from E 
at s; and since this motion is always 
from west to east, the planet will be 
west of the sun when it is any where 

a 	in the semicircle ce' b' c', and east of 
Fig. 730. 	it when it is any where in the semi, 

circle c'a' e a c. 
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The elongation (2571) of the planet, being the angle formed 
by lines drawn to the sun and planet from the earth, will always 
be east when the planet is in the semicircle c' ec, and west when 
in the semicircle c' e' c.  

The planet will have its greatest elongation east when the 
line E e directed to it from the earth is a tangent to its orbit, 
and in like manner its greatest elongation west when the line 
E e' is a tangent to the orbit. 

In these positions the angle seE, or se'E, at the planet is 90°, 
and consequently the elongation and the angle esE, or e'sE at 
the sun, taken together, make up 90°. 

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 sun, extending to a certain limited distance, re-
sembling the oscillation of a pendulum. While the planet moves 
from c' to e, it will appear to depart from the sun eastward, and 
when it moves from e to c, it will appear to return to the sun ; 
the elongation in the former case constantly increasing till it 
attain its maximum eastward, and in the latter constantly de- 
creasing till it become nothing. 	It is to be observed, however, 
that the 	orbital arc c' e being greater than e c, the time of 
attaining the greatest eastern elongation after superior con-
junction is greater than the time of returning to the sun from 
the greatest elongation to inferior conjunction. 

After inferior conjunction, while the planet passes from c to 
e', its elongation constantly increases from nothing at c to its 
maximum west at e'; and when the planet moves from e' to c', 
it again decreases until it becomes nothing at superior con- 
junction. 	Since the orbital arcs, ce' and e' c, are respectively 
equal to ce and de, 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 
greatest elongation east, is equal to the interval from the 
greatest elongation west to superior conjunction. 

The oscillation of the planet alternately east and west is 
therefore made through the same angle—that is, the angle e Ee', 
included by tangents drawn to the planet's orbit from the earth; 
but the apparent motion from the greatest elongation west to 
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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 length of the orbitual arcs eci el to ece'. 

The planet being included within the orbit of the earth, the 
orbital motion of the earth will give it an apparent motion in 
the ecliptic in the same direction as the apparent motion of the 
sun ; but since the apparent motion of a visible object increases 
as its distance decreases, and vice versa, and since the planet 
being at a considerable distance from the centre of the earth's 
orbit, the distance of the earth from it is subject to variation, the 
apparent motion imparted to the planet by the earth's orbital 
motion will be subject to a proportionate variation, being great-
est when the planet is in inferior conjunction, and least when 
in superior conjunction. 

The apparent motion of the planet, as it is projected upon the 
firmament by the visual ray, arises from the combined effect of 
its own orbital motion and that of the earth. 	Now it is evident 
from 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 
conjunction to its greatest elongation east, and a contrary ap-
parent 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, both 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 elon-
gation 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 continues to be, as before, eastward. As, in approaching 
inferior conjunction, the direction of the planet's motion be- 
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comes 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 effect 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 continues through inferior 
conjunction, until the planet acquires a certain elongation west, 
equal to that at which it became previously stationary. 	Here 
the effects becoming again equal, the planet is again stationary, 
after which, the effect of the earth's motion predominating, the 
apparent motion becomes eastward, and continues so 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 
apparent motion is said to be roIRECT ; 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 
apparent motion of an inferior planet is always direct, except 
within a certain elongation east and west of inferior conjunction, 
when it is retrograde. 

The extent of this arc of retrogression depends on the relative 
distances, and consequent relative orbital velocities, of the earth 
and planet. 

2580. Apparent motion as projected on the ecliptic. —From 
what has been here explained the apparent motion of the planet 
on the firmament will be easily understood. 	Let ABEFK, 
fig. 731., represent the ecliptic in which the planet is at present 
supposed to move. While passing from its western to its eastern 
elongation it appears to move in the same direction as the sun, 
from A towards B. As it approaches B its apparent motion east-
ward becomes gradually slower until it stops altogether at 13, and 
becomes, for a short interval, stationary; it then moves west-
ward, 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 anin moves westward to E, where it again becomes stationary; 
after which it again changes its direction and moves eastward to 
F, where, after being stationary, it turns westward, and so on. 
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' 	The middle points of the arcs BC, DE, F G, &c. of retrogression 
are those at which the planet is in inferior conjunction; 

c 
and the 

, 

O 
B 	 F , 

.....----- 
Fig. 731. 

middle points of the arcs CD, E F, G a, &c: of progression are those 
at which the planet is in superior conjunction. 

2581. Origin of the term "planet."—These complicated and 
apparently irregular movements, by which the planets are dis- 
tinguished 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 irXavirlc (planet*, 
wanderer. 

2582. 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 s, fig. 732., be the place 
of the sun, P that of the planet, and E E/ E"I .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 x"', the sun s and planet r are in the 
same visual line, and the planet is consequently in conjunction. 
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When the earth moves to e', the elongation of the planet west of 
the sun is Se'P. 	This elongation increasing as the earth moves 

s_, 

	c 

\ 

VI 

---- 	 ---------------- 

Fig. 732. . 
in its orbit, becomes 90°  at E', when the visual direction E'r of 
the planet is a tangent to the earth's orbit, and the planet 
is then in its western quadrature. 

While the earth continues its orbital motion to e', 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 opposition. 

After passing E, when the earth moves towards e", the elon- 
gation of the planet is east of the sun, and is less than 180°, but 
greater than 90°. 	As the earth continues to advance in its 
orbit, the elongation decreasing becomes 90° when, at El', the 
visual direction of the planet is a tangent to the earth's orbit. 
The planet is then in its eastern quadrature. 

As the earth moves from E" to Ern, the elongation, being still 
east, constantly decreases until it becomes nothing at Effl, where 
the planet 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 
oscillatory motion alternately eastward and westward through 
the angle E/  P E", which the earth's orbit subtends at the planet.. 
While the earth moves from E" through E"' to E', the planet 
would appear to move eastward through the angle El  PE", and 
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while the earth moves from e through E to Eii, 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 depend 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 planet increases. 

The times in. which the two oscillations eastward and west-
ward 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 western quadrature in the ratio of the orbital 
arc E' E E" to the arc E" E"' it'. 

It is evident that the more distant the planet r 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 planet, 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 versa. 	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 conjunction, the 
apparent motion of the planet is direct, because both its own 
orbital motion and that of the earth combine to render it so. 
From western quadrature, 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 ap-
parent motion is direct ; but at a certain elongation, before 
arriving at opposition, the effect of the earth's motion increasing 
becomes 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 retrograde, and con- 
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tinues so until it acquires an equal elongation east, when it 
again becomes stationary, and is afterwards direct, and con-
tinues so. 

2584. Apparent motion projected on the ecliptic.—Let A, fig. 
733., represent the place of a superior planet when moving fron. 

4.............. 
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•••.." 

, 	 E 

7 

E 

1 
,- 

I 

Fig. 733, 	 ir 
its western quadrature towards conjunction, its apparent motion 4. 
being then direct. 	Let B be the point where it becomes sta- 
tionary after its eastern quadrature ; its apparent motion the') 
becoming retrograde, it appears to return upon its course and 
moves westward to c, where it again becomes stationary ; after 
which it again returns on its course and moves direct or east- 
ward, and continues so until it arrives at a certain point D after 
its western quadrature, when it again becomes stationary, and.  
then again retrogrades, moving through the arc DE, which will be 
equal to pc; after which it will again become direct, and so on. 

The places of the planet's opposition are the middle points of 
the arcs of retrogression BC, DE, PG, &c.; and the places of 1.4  
conjunction are the middle points of the arcs of progression 
CD, EF, GH, &C. 
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It is evident, therefore, that the apparent motion of a supe-
rior planet projected on the ecliptic is, in all respects, similar to 

. 	that of an interior planet, the difference being, that in the latter 
the middle point of the are of retrogression corresponds to infe-
rior 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 	s western and eastern quadratures is the angle which 
the earth's orbit subtends at the planet, or twice the annual 
parallax (2442) of the planet. 

2585. Conditions under which a planet is visible in the ab-
sence v:f the sun. —lt is evident that to be visible in the 
absence of the sun a celestial object must be so far elongated 
from that luminary as to be above the horizon before the 
commencement of the morning twilight or after the end of 
the evening twilight. 	One or two of the planets have, never- 
theless, an apparent magnitude so considerable, and a lustre so 
intense, that they are sometimes seen with the naked 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 tele- 
scope, a planet must have an elongation greater than 30° to 35°. 

2586. Evening and morning star.—Since the inferior planets 
can never attain so 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 , 
horizon after sunset, and are then called EVENING STARS. 	If 
they have western elongation they pass the meridian in the fore-
noon, and are visible above the eastern horizon before sunrise, 
and are then called ➢MORNING STARS. 

2587. Appearance of superior planets at various elongations. 
—A superior planet, having every degree 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 con- 
junction and quadrature, its elongation east or west of the sun 
being less than 90°, it passes the meridian earlier than six 
o'clack in the afternoon in the former -case, and later than six 

t 	o'clock in the forenoon in the latter case, being, like an inferior 
planet, an evening star in the former and a morning star in the 
latter case. 

III. 	 N 
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At eastern quadrature it passes the meridian at six in the 

evening, and at western quadrature at six in the morning, ap-
pearing still as an evening star in the former and as a morning 
star in the latter case. 

Between .the eastern quadrature and opposition, the elon-
gation being more than 90°  east of the sun, the planet must 
pass the meridian between six o'clock in the evening and mid-
night, and is therefore visible from sunset until some hours 
before sunrise. 	Between western quadrature and opposition, 
the elongation being more than 90° west of the sun, the planet 
must pass 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 degrees of approximation to the exact value of the 
quantity sought. 

2589. 1°. By means of the synodic period. —If the synodic 
period T be ascertained by observation, we shall have for an 
inferior planet (2577), 

1 = 1 	 1 
i 	P - le 

and consequently 
1 	1 	1 
P 	E 	T' 

and for a superior planet 
1 	1 	1 
i = E 	-P 

and therefore 
1 	 1 	1 
P = E — T 

In each case, therefore, P may be found, a and z being known. 
This method gives a certain approximation to the value of the 

period; but the synodic time not being capable of very exact 
appreciation by observation, the method does not supply ex-
tremely accurate results. 

2590. 20. By observing the transit through the nodes.— The 
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periodic time may also be determined by observing the interval 
between two successive passages of the planet through the 
plane of the ecliptic. 

It has been already stated that, although the planets move 
nearly in the plane of the ecliptic, they do not exactly do so. 
Their paths are inclined at very small angles to the ecliptic, and 
they consequently must pass from one side to the other of the 
plane of the earth's orbit twice in each revolution. 	If the mo- 
ments of thus passing through the plane of the earth's orbit on 
the same aide of the sun be observed twice in immediate suc-
cession, 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 only approximation. 

2591. 3°. By comparing oppositions or conjunctions having 
the same sidereal place.— The periodic time of a planet being 
approximately found by either of the preceding methods, it may 
be rendered more exact by the following. 

When a planet is in superior conjunction or in opposition its 
place in the firmament is the same, whether viewed from the 
earth or from the sun. 	Now, if two oppositions\  or conjunctions 
separated by a long interval of time be found, at which the ap-
parent place of the planet in the firmament is the same, it may 
be inferred that a complete number of revolutions must have 
taken place in the interval. 	Now the periodic time being found 
approximately by either of the methods already explained, it 
will be easy to find by it how many revolutions of the planet 
must have taken place between the two distant oppositions. 	If 
the periodic time were known with precision, it would divide 
the interval in question without a remainder; but being only 
approximate it divides it with a remainder. 	Now the nearest 
multiple of the approximate period to the interval between the 
two oppositions will be that multiple of the true period which 
is exactly equal to the interval. 	The division of the interval 
by the number thus determined will give the more exact value 
of the period. 

2.592. 4°. By the daily angular motion.— The daily angular 
geocentric 	motion 	may 	be observed, and 	the 	heliocentric 
motion thence computed. 	If 	the mean heliocentric daily 
motion a" can be obtained by means of a sufficient number 

s 2 
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of observations, the period will be given 	by 	the formula 
(2568), 	 • 

1296000 P — 
a// 	• 

2593. To find the distances of the planets from the sun. — 
One of the most obvious methods of solving this problem is by 
observing 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 earth, sun, and planet, will thus he 
known, and a triangle may be drawn 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 sun 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. 	, 

Other methods of determining the distances will he explained 
hereafter. 

2594. Phases of a planet,— While a planet revolves, $hat 
hemisphere which is presented to the sun is illuminated, and 
the other dark. But since the same hemisphere is not presented 
generally to the earth, it follows that the visible hemisphere of 
the planet will consist of a part of the dark and a part of the 
enlightened hemisphere, and, consequently, the planet will ex- 
hibit PHASES, the varieties and limits of which will depend upon 
the relative directions of the lines drawn from the earth and 
sun to the planet. 	It is evident that the section of the planet 
at right angles to a line drawn from the suit 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 included between 

these lines is, the greater will be the por- 
e' 	 tion of the visible hemisphere which is 

v 	v. 	enlightened. 
Let p, fig. 734., be the centre of the Ki;7„., planet, p s the direction of a line drawn to 

the sun, and p E that of one drawn to the 
\ 	earth ; ll' will then be the base of the en- 

s 	lightened, and vv' the base of the visible 
v. 
+ 	 hemisphere of the planet. 	The point in 

will be the centre of the former, and nt 
Fag. 734. of the latter. 	The 	visible 	hemisphere 
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will then be enlightened 	over 	the space v'm'nzl, the part 
14 being dark. 	This dark part will be measured by the arc vl, 
which is evidently equal to m m', and therefore measured by 
the angle formed by the lines ps and p E drawn from the planet 
in the directions of the sun and the earth. 

When this angle spa is less than 90°, as in fig. 734., the 
breadth of the enlightened part v'm' ml of the visible hemi- 
sphere is greater than 90°, and the planet appears gibbous, as 
the moon does when between opposition and quadratures. 

When the angle spE is greater than 90°, as in fig. 735., the 
breadth v'l of the enlightened part of the visible hemisphere is 
less than 90°, and the planet appears as a crescent, like the moon 
between conjunction and quadrature. 

When the angle spa = 0, which happens when the earth is 
between the sun and planet, as in fig. 736., the centre m' of the 

.. 	 , . 
V 
• 

or 	 eeM 

!El 
S 

IE 

Fig. 735. 	 Fig. 736. 	 Fig. 737. 

enlightened hemisphere is presented to the earth, and the planet 
appears with a full phase, as the moon does 	in opposition. 
This always happens when the planet is in opposition. 	' 

When the angle spa becomes =180°, as in fig. 737., 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, 

e s 
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which can only happen when an inferior planet is in inferior 
conj unction.  

2595. Phases of an inferior planet. —It will be evident from 
inspecting the diagram, fig. 730., representing the relative posi- , 
tions 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 passes through all magnitudes from 0° to 180°, and 
consequently such a planet exhibits every variety of phase. 
Passing from c towards e', the angle sbE 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 quadra- 
ture. 	From e' to c' the angle sb'E gradually decreases from 
90' to 0°, and the planet beginning by being gibbous, the 
breadth of the enlightened part gradually increases until it 
becomes full at c'. 	From c' to e, and thence to c, these phases 
are reproduced for like reasons in the opposite order. 

2596. Phases of a superior planet.—It will be evident on 
inspecting fig. 738., that in..all positions whatever of a supe- 

ill e
... 

 

C.-... rior planet, the lines drawn'from 
it to the earth are inclined at 
an angle less than 90°; and this 

cr.  angle is so much the smaller the 
greater the orbit of the planet is 
comparatively with that of the 
earth. 	The angle sau being 
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v wimp where it is greatest; and then 
the breadth of the enlightened 
part is least, and is equal to the 

Fig. 788. 	difference between the angle sr/ E 
and 180°. 	From q' to c the angle sb'E decreases, and becomes 
nothing at c. 	The planet is therefore full at opposition and 
conjunction, and is most gibbous at quadrature. 

It will appear hereafter that, with one exception, all the su- 
periol• planets are at distances from the sun so much greater 
than that of the earth, that even at quadrature the angle sg' E 
is so small, that the departure of the phase from fulness is not 
senible. 
• 2597. The planets are subject to a central attraction.—If a 

body in motion be not subject to the action of any external force, 
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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, more- 
over, be incessant in its operation, since, if its action were 
suspended for a moment, 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 determine what is the direction of these forces, 
whether they are one or several, and, in fine, whether they are 
of invariable intensity, or, if variable, what is the law and con-
ditions of their variation. 

2598. What is the centre to which this attraction is di-
rected? — 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 celebrated work, entitled the 
" 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 
curvilinear path, the radius vector sweeps over a certain su-
perficial 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 c, jig. 739., be the point taken as the 
centre of motion, and a a" be a part of the path of the 
moving body, CB and CB' will be two positions of the " radius 
vector," and in passing from one of these 	positions to the 
other, it will sweep over or "describe" the superficial space or 
"area" included between the lines Ca and Ca', and the body 
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is said shortly to "describe this area round the point C as a 
a 	a 	centre." 

_ Now, according to the principle esta- 1. 	

4'  

,-- Wished by Newton, it appears that when-
evera body moves in a curvilinear orbit, 
under the attraction of a force directed to 
a fixed centre, such a body will describe 
round such centre equal areas in equal 
times ; and it is proved also conversely, 
that if a point can be found within the 
curvilinear 	orbit 	of 	a 	revolving body, 
round which such body describes equal 
areas in equal times, such body 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 is the centre of 
force, 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 de-
monstration by the most elementary prin- 

Fig. 739, 	ciples of mechanics and geometry, it may be 
proper to explain it here. 

If a body n move independently of the action of any force 
upon it, its motion must be in a straight line, and must be uni- 
form. 	It must, therefore, move over equal spaces per second. 
Let its velocity be such, that in the first second it would move 
from B to B1. 	In the next second, if no force acted upon it, it 
would move through the equal space B'b' in the same direc- 
tion. 	But if at 13' it receive from a force directed to c, an im- 
pulse which in a second would carry it from B' to CI, it will 
then be affected by two motions, one represented by nib', 
and the other by n'e', and it will move in the diagonal B'B" of 
the parallelogram, and at the end of the second second will 
be at 13". 

Now, in the first second, the radius vector described the area 
BC n', and in the next second it described the area n'cn". 	It 
is easy to show that these areas are equal. For since BB' = n'bc 
the-areas B C13' and Web' are equal; and since b' B" is parallel to 
B'e, the areas nicb' and 13' C B" are equal by the well-known 
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property of triangles. 	Therefore the areas BCB' and B'CB", de- 
scribed by the radius vector in the first and second seconds, are 
equal. 

If the body received no impulse from the central force at n", 
it would move over eV 2-= 13'13" in the third second, but re-
ceiving from the central force another impulse sufficient to carry 
it from B" to c", it again moves over the diagonal en"' of the 
next parallelogram, and at the end of the third second is found 
at n"'. 	It is shown in the same 'manner that the area of the 
triangle n"c r" is equal to B'CB" and to B C B' ; so that in every 
succeeding 'Second the radius vector describes round c 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 second, and the body describes, not a curve, but a 
polygon. 	If the succession of impulses were by tenths, hun- 
dredths, 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. 	The 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 c, would still be pro-
portional to the time. 

The converse of the principle is easily inferred by reasoning 
altogether similar. 	If c, fig. 739., be the centre of equal areas, 
it will be the centre of attraction; for let n'b' be taken equal to 
BB'. 	The triangular area B' c b' will then be equal to the area 
BCB' by the common properties of triangles, and since the areas 
described round c in successive seconds are equal, we have the 
area 13' C B" J---. non', and therefore = ts'c if. 	Hence we infer 
that B C B" L= ea', and therefore that the line b' a" is parallel 
to B'C. 	The force therefore expressed by the diagonal n'e" of 
the parallelogram is equivalent to the forces expressed by the 
sides. 	The body at n' therefore, besides the projectile force 
BB' or n' b', is urged by a central force directed to c. 

2600. Linear, angular, and areal velocity.—In the descrip:  
tion and analysis of the planetary motions, there are three 

N 5 
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quantities which there 	is 	frequent occasion to express in 
reference to the unit of time, and to which the common name 
of "velocity" is consequently applied. 

1^. The linear velocity of a planet is the actual space,over 
which it moves in its orbit in the unit of time. 	We shall 
invariably express this velocity by v. 

2°. The angular velocity is the angle (a c B' in fig. 739.), 
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. 

3°. The areal velocity is the area (B o e in fig. 739.), which 
the radius vector from the sun to the planet sweeps over in 
the unit of time. 	We shall express this by A. 

2601. Belationtetween angular and areal velocities.—If 13"c', 
fig. 739., ,he supposed to be perpendicular to a' c, the area of 
the triangle B' C B" will "be iWcx B"  c'. 	But since in this 
case a" c' may be considered as.  the arc of a circle, of which c 
is the centre and a" c the radius, we shall have (2292), 

r x a 	 . 
B" cI — 206265' 	- 

where the distance B" C of the planet from the sun, or the 
radius vector, is expressed by r. 	Hence we have 

',.i r2  x a . ' A 7=.: A n' c x B" c' = 20626.5 
Hence the areal velocity is always proportional to the product 
of the angular velocity and the square of the radius vector or 
distance. 	 s , 	.. 

To ascertain, therefore, whether any point within the orbit 
of a planet be the t‘ centre of equal areas'," and therefore the 
centre .5f attraction, it is only necessary to compare the angular 
velocity round such point with the square of the distance; and 
if their product be always the same, or, in other words, if the 
angular velocity inorease in the same ratio as the square of the 
distance or radius vector decreases, and vice versa, then the 
point in question must be the centre of equal areas, and there-
fore 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 variation of the sun's apparent diameter, which may be 
accurately observed, as may also be the sun's apparent motion 
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in the firmament. 	Now, it is found that the apparent motion 
of the sun increases 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 cal- 
culating from observation the angular motions of the planets, 
and their distances from the sud, it may be shown that their 
angular motions are inversely as the squares of their distances, 
and consequently that the centre of the sun is the centre of the 
attraction which moves them. 

2604. Orbits of the planets ellipses. — By comparing the 
variation of the distance of any planet 11.ot-h.-the. sun with the 
change of direction of its lidius vector, ii may be ascertained 
that its orbit is an ellipse, the centre-of the sun being at one of 
the foci, in the same 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 
PERIHELION, and that point at which it is most 	.emote•Is called 
APHELION.  

The MEAN DISTANCE o1 a planet from the "suns half the sum 
of its greatest and least distances. 	 - 

2606. Major and minor axes, and eccentricity of the orbit.— 
The fig. 740. represents an ellipse, of which F is the focus and 

..1.:___ 
C the cehtre. :The line c F con- 
tinned to r and A is the MAJOR -;

00 AXIS, sometimes called the trans-,  
• A 	verse axis, • Of all the diameters 

which can be drawn through the 
centre 	c, 	terminating 	in 	the ri 	 curve, it is the 	longest, while 

Fig. 740. 	M c Bt', drawn at right angles to it, 
called the MINOR AXIS, is the shortest. 	The line F EL', which is 
equal to P c, 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 
N 6 
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when it is at 	the extremities 	of 	the minor 	axis 	of its 
orbit. 

There is another point F' on the major axis, at'  t distance r' c 
from the centre, equal to F c, which has also the geometric pro- 
perties of the focus. 	It is sometimes distinguished as the 
EMPTY FOCUS 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 depends on the ratio which the distance r c of the focus 
from the centre 	bears to Pc, the semi-axis major. 	Two 
ellipses of different magnitudes in which this ratio is the 
same, have a like form, and are equally eccentric. 	The less 
the ratio of C F to c P is, the more nearly does the ellipse 
resemble a circle.. This ratio is, therefore, called the EccEN- 
TRICITY. 

The eccentricity of a planet's orbit will, therefore, be that 
number which expresses the distance of the sun from the 
centre of the ellipse, the semi-axis major of the orbit being 
taken as the unit. 

2607. Apsides, anomaly.— The points of PERIHELION and 
ArnmnoN, are called by the common name of APSIDES. 

If an eye placed at the sun r look in the direction of r, that 
point will be projected upon a certain point on the firmament. 
This is called the PLACE OF PERIHELION. 

The angle formed by aline drawn from the sun to the place 
p of a planet, 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, is called its ANOMALY. 

If an imaginary planet be supposed to move from perihe-
lion, to aphelion with any uniform angular motion round the 
sun in the same time that the real planet moves between the 
same points 	with a variable angular motion, the anomaly 
of this imaginary planet is called the ME AN ANOMALY of the 
planet.  

2608. Place of perihelion. — The PLACE OF PERIHELION is 
expressed by indicating the particular fixed star at or near which 
the planet at P is seen from F, 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 
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point, or the first point of Aries (2435). 	The distance of perl• 
helion from this point, as seen from the sun, is called the LON- 
GITUDE OP PERIHELION, and is an important condition affecting 
the position of the planet's orbit in space. 

2609. Eccentricities of orbits small.—The planets' orbits, 
like that of the earth, though elliptical, are very slightly so. 
The eccentricities are so minute, that if the form of the orbit 
were delineated 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 attraction varies as the distance 
of the planet from the sun varies. 	Newton has demonstrated, 
in his PniNctm, 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 dis-
tance, increasing as the square of the distance decreases, and 
vice verstt. 

2611. The orbit might be a parabola or hype4ola.—Newton 
also proved that the converse is not necessarily true, and that a 
body may move in an orbit which is not elliptical round a 
centre of force which varies according to this law. 	But be 
showed that the orbit, if not an ellipse, must be one or other of 
two curves, a PARABOLA or HYPERBOLA, having a close geometric 
relation to the ellipse, and that in all cases the centre of force 
would be the focus of the curve. 

These three sorts of curves, the ellipse, the parabola, and hy-
perbola, are those which would be produced by cutting a cone 
in different directions by a plane, and they are hence called the 
CONIC SECTIONS. 

2612. Conditions which determine the species of the orbit. — 
The conditions under which the orbit of a planet might be a 
parabola or hyperbola, depend on the relation which the velo-
city of the motion of the planet, at any given point of the 
orbit, bears to the intensity of the attractive force at that 
point. 	It is demonstrable that, if the velocity with which 
a planet moves at any given point of its orbit were suddenly 
augmented in a certain proportion, its orbit would become a 
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parabola, and if it were still more augmented, it would become 
an hyperbola. 

The ellipse is a curve which, like the circle, returns into 
itself, so that a body moving in it must necessarily retrace the 
same path in an endless succession of revolutions. 	This is not 
the character of the parabola or hyperbola. 	They are not 
closed curves, but consist of two branches which continue to 
diverge from each other without ever meeting. 	A planet, 
therefore, which would thus move, would pass near the sun 
once, following a curved path, but would then depart never to 
return. 

2613. Law of gravitation general.— The elliptic form of the 
orbit of a planet indicates the law which governs the variation 
of the sun's attraction from point to point of such orbit; but 
beyond this orbit it proves nothing. 	It remains, therefore, to 
show from the planetary motions round the sun, and from the 
motions of the satellites round their primaries, that the same 
law of attraction by which the intensity decreases as the square 
of the distance from the centre of attraction increases, and vice 
verse; is universal. 

The attraction exerted upon any body may be measured, in 
general, as that of the earth on bodies near its surface is mea-
sured, by the spaces through which the,attracted body would be 
drawn in a given time. 	It has been shown, that the attraction 
which the earth exerts at its surface, is such as to draw a body 
towards it through 193 inches in a second. 	Now if the space 
through which the sun would, by its attraction at any proposed 
distance, draw a body in one second could be found, the attrac-
tion of the sun at that distance could be exactly compared with 
and measured by the attraction of the earth, just as the length 
of any line or distance is ascertained by applying to it and 
comparing it with a standard yard measure. 

2614. Method of calculating the central force by the velo-
city and curvature. — Now the space through which any cen-
tral attraction would draw a body in a given time.can be easily 
calculated, if the body in question moves in a circular or nearly 
circular orbit round such a centre, as all the planets and satel-
lites do. 

Let E, fig. 741., bet the centre of attraction, and E m the dis- 
tance or radius vector. 	Let m nt'=v, the linear velocity. 	Let 
m n and m' n' be drawn at right angles to E m, and therefore 
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parallel to each other. 	The velocity m ne may be considered 
as compounded of two (173), one in the di- 

n'a 	rection m n' of the tangent, and the other m n 
directed towards the centre of attraction E. 

:,;i.---  

Now if the body were deprived of its tan-
gential motion m n', it would be attracted 
towards the centre E, through the space m n, 
in the unit of time. 	By means of this space, 
therefore, the force which the central attrac-
tion exerts at m can be brought into direct 
comparison with the force which terrestrial 
gravity exerts at the surface of the earth. 

It follows, therefore, that if f express the 
T: 6 	

space through which such a body would be 
drawn in the unit of time, falling freely to- 

Fig. 	wards the centre of attraction, we shall have 
f=m n. 	But by the elementary principles of geometry, 

mn x2 E m=m ne 9. 
Therefore, 

ve 
f -  Tr ;  

that is, .the space through which a body would be drawn to- 
wards the centre of attraction, if deprived of its orbital motion, 
in the unit of time, is found by dividing the square of the linear 
orbital velocity by twice its distance from the centre of at-
traction. 

Since v=206265 (2601), we shall also have 
r X it2  

f=2 x 206265 • 
The attractive force, or, what is the same, the space through 

which the revolving body would be drawn towards the centre 
in the unit of time, can, therefore, be always computed by 
these formulae, when its distance from the centre of attraction 
and its linear or angular velocity are known. 

Since (2568) 
1296000 

a= P 	' 
this, being substituted for a in the preceding formula, will give 

f= 412541 x 2--.  i P2 
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by which the attractive force may always be calculated when 
the distance and period of the revolving body are known. 

2615. Law of gravitation shown in the case of the moon. — 
The attraction exerted by the earth, at its surface, may be,com-
pared with the attraction it exerts on the moon by these 
formulae. 

In the case of the moon v=0.6356 miles, and r=239,000 
miles, and by calculation from these data, we find 

f =0.0000008459 miles =-- 0.0536 inch. 
Theattraction exerted by the earth at the moon's distance 
would, therefore, cause a body to fall through 536 ten-thou-
sandths of an inch, while at the earth's surface it would fall 
through 193 inches (247). 

The intensity of the earth's attraction on the moon is, there-
fore, less than its attraction on a body at the surface, in the 
ratio of 1,930,000 to 536, or 3600 to 1, or, what is the same, as 
the square of 60 to 1. 

But it has been shown that the moon's distance from the 
earth's centre is 60 times the earth's radius. 	It appears, there- 
fore, that in this case the attraction of the earth decreases as 
the square of the distance from the attracting centre increases; 
and that, consequently, the same law of gravitation prevails as 
in the elliptic orbit of a planet. 

2616. — Sun's attraction on planets compared—law of 
gravitation fqfilled.—In the same manner, exactly, the attrac-
tions which the sun exerts at different distances may be com-
puted by the motions and distances of the planets. The distance of 
a planet gives the circumference of its orbit, and this, compared 
with its periodic time, will give the arc through which it moves 
in a day, an hour, or a minute. 	This, represented by mm', fig. 
741., being known, the space m n through which the planet 
would fall towards the sun in the same time may be calculated, 
and this being done for any two planets, it will be found that 
these spaces are in the inverse ratio of the squares of their 
distances. 

Thus, for example, let the earth and Jupiter be compared in 
this manner. 	If n express the distance from the sun in miles, 
e the period in days, A the arc of the orbit in miles described 
by the planet in an hour, and x the space m n in miles, 
through which the planet would fall towards the sun in an hour 
if the tangential force were destroyed, we shall then have 
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/3 P A 44 

Earth 	- 	- 
Jupiter - 	- 

95,000,000 
494,000.000 

305.26 
4332.62 

68,091 
29,850 

24.4020 
09019 

Now, on comparing the numbers in the last column with the 
squares of those in the first column, we find them in almost exact 
accordance. 	Thus, 

(95)2 : (494)2  : : 24.402 : 0.9024. 
The difference, small as it is, would disappear, if exact values 
were taken instead of round numbers. 

2617. The law of gravitation universal.—Thus is established 
the great natural law, known as the law of gravitation, at least, 
so far as the action-of the sun upon the planets, and the planets 
on their satellites, is concerned. 	But this law does not alone 
affect the central attracting bodies. 	It belongs equally to the 
revolving bodies themselves. 	Each planet attracts the sun, and 
each satellite attracts its primary as well as being attracted by 
it ; and this reciprocal attraction depends on the mass of the 
revolving as well as on the mass of the central body and their 
mutual distance. 

The planets moreover, as well as the satellites, attract each 
other, and thus modify, to some small extent, the effects of the 
predominant central attraction. 

2618. Its analogy to the general law of radiating influences. 
— It will be observed that this law is similar to that which go-
verns light, heat, sound, and other physical principles which are 
propagated by radiation; and it might thus be inferred that gra-
vitation is an agency of which the seat is the sun, or other gra-
vitating body, and that it emanates from it as other physical 
principles obeying the same law are supposed to do. 

2619. Not, however, to be identffied with them. — No such 
hypothesis as this, however, is either assumed or required in 
astronomy. 	The law of gravitation is taken as a general fact 
established by observation, without reference to any modus ope- 
randi of the force. 	The planets may be drawn towards the 
sun by an agency whose seat is established in the sun, or they 
may be driven towards it by an agency whose seat is outside and 
around the system, or they may be pressed towards it by an 
agency which appertains to the space in which they move. 
Nothing is assumed in astronomy which would be incompatible 
with any one of these modes of action. 	The law of gravitation 
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assumes nothing more than that the planets are subject to the 
agency of a force which is every where directed to the sun, and 
whose intensity increases as the square of the distance from 
the sun decreases, and vice versa; and this, as has been shown, 
is proved as a matter of fact independent of all theory or 
hypothesis: 	. 

2620. The harmonic law. — A remarkable numerical rela-
tion thus denominated prevails between the periodic times of 
the planets and their mean distances, or major axes of their 
orbits. 	If the squares of the numbers expressing their periods 
be compared with the cubes of those which express their mean 
distances, they will be found to be very nearly in the same ratio. 
They would be exactly so if the masses or weights of the 
planets were absolutely insignificant compared with that of the 
sun. 	But although these masses, as will appear, are compara-
tively very small, they are sufficiently considerable to affect, 
in a slight degree, this remarkable and important law. 	. 

Omitting for the present, then, this cause of deviation, the 

	

harmonic law may be thus expressed. 	If r, r', P", &c. be a 
series of numbers which express or are proportional to the 
periodic times, and r, r', r", &c. to the mean distances of the 
planets, we shall have 

r3 	'r'3 	r"3 
_ - --,--, &C • p2 	ft 	..--' 	ff2 	- 	• I P 	P 

that is, the quotients found by dividing the numbers expressing 
the cubes of the distances by. the numbers which express the 
squares of the periods are equal, subject nevertheless to such 
deviations from the law as may be due to the cause above men-
tioned. 

2621. Fulfilled by the planets.—Method of computing the dis-
tance of a planet from the sun when its periodic time is known. 
— To show the near approach to numerical accuracy with 
which this remarkable law is fulfilled by the motions of the 
planets composing the solar system, we have exhibited in the 
following table the relative approximate numerical values of 
their several distances and periods, and have shown that the 
quotients found by dividing the cubes of the distances by the 
squares of the periods are sensibly equal : — 

   
  



Mercury 	- 
Venus 	- 	- 
Earth 	- 	- 
Mars 	- 	- 
Planetoids 	- 
Jupiter — 	- 
Saturn — 
Uranus - 	- 
Neptune 	- 
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Instance. 
r 	• 

Period. 
I' 

Cube of Distance. 
f'' 

Square of Period. 
Pa 

Rollo of Cube 
of DistAof.,  to Sq. of Period. 

f.3  
P. 

0  387 
0723 
1'00 
1.52 
2.50 
510 
9.24 

19.18 
30110 

0.241 
0•6i5 
1.00 
1.88 
4.00 

II-86 
29-50 
84.00 

164'60 

57961 
377933 

1000000 
3525688 

15625000 
140608000 
868260064 

7055792632 
27000000000 

580 
3782 

10000 
• 35344 

160000 
1406596 
8702500 

70560000 
270931600 

ESS8S
8888  

In general, the distance of a planet from 
puted by means of this law, when the distance 
the periodic time .of the earth and planet 

For this purpose find the number which 
riodic time r of the planet, that of the earth 
by 1; and let D be the number which expresses 
tance of the planet from the sun, that of 
expressed by 1. 	We shall then, according 
law, have 

	

12 	: 	F.2 	:: 	13 	: 	D3. 

But since 
1 x 1 = 1 	lx 1 x 

we shall have 
p2 = D3. 

To find the distance D, therefore, it is only 
the number whose cube is the square of the 
the period, or, what is the same, to extract 
square of the period. 

2622. Harmonic law deduced from the 
It is not difficult to show that this remarkable 
sary consequence of the law of gravitation. 

Supposing the orbits of the planets to 
this purpose they may be taken to be, let 
and angular velocity of any one planet be expressed 
a, and those of any other by r', p', and 
with which the sun attracts them respectively 
f and f. 	We shall then, according to what 
(2614), have 

f = 	r x a 2 	 P = 
2 x 206265 

the sun can be com-
of the earth and 

are known. 
expresses the pe-

being expressed 
the mean dis-

the earth being also 
to the harmonic 

1 = 4, 

necessary to find 
number expressing 

the cube root of the 

law of gravitation.—
law is a neces- 

be circular, which for 
the distance, period, 

by r, P, and 
a', and let the forces 

be expressed by 
has been proved 

r' x a'2  
2 x 206265 
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and therefore 	 • 
f : f' :: r x.  4 2  : r' x ct'2. 

But by the law of gravitation 
f : f' : : r' 2  : 2.2, 

therefore  
2.•2 ; r2 ; ; , x  a2 : r,  x a'2, 

and consequently 	 • 
e3 x .'2 . 74 x a2. 

But the angles described in the unit of time are found by 
dividing 360° bysthe periodic times. 	Therefore, 

a = 360° 	 360° = a ,  
r 	 r,  ' 

and consequently 
r 3  _ ri3  
p 2 — irsi-i' 

which is, in fact, the harmonic law. 
It is easy, by pursuing this reasoning in an inverse order, 

to show that if the harmonic law be taken, as it may be, as an 
observed fact, the law of gravitation may be deduced from it. 

2623. Kepler's laws. — The three great planetary laws ex- 
plained in the preceding paragraphs — 1. 	The equable de- 
scription of areas; 2. The elliptic form of the orbits; and 3, 
the harmonic law — were discovered by Kepler, whose name 
they bear. 	Kepler deduced them as matter-of-fact from the 
recorded observations of himself and other astronomers, but 
failed to show the principle by which they were connected with 
each other. 	Newton gave their 	interpretation, and showed 
their connexion as already explained. 

2624. 	Inclination of the orbits — nodes. — In what has 
been stated the planets are regarded as moving in the plane 
of the earth's orbit. 	If this were strictly true, no planet would 
ever be seen on the heavens out of the ecliptic. 	The inferior 
planets, when in inferior conjunction, would always appear as 
spots on the sun ; and when in superior conjunction, they, as 
well as the superior planets, would always be behind the sun's 
disk. 	This is not the case. 	The planets generally, superior and 
inferior, are seldom seen actually upon the ecliptic, although 
they are never far removed from it. 	The centre of _the planet, 
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twice in each revolution, is observed upon the ecliptic. 	The 
points at which it is thus found upon the plane of the earth's 
orbit are at opposite sides of the sun, 180°  asunder, as seen 
from that luminary. 	At one of them the planet passes from 
the south to the north of the ecliptic, and at the other from the 
north to the south. 

2625. .ATodes, ascending 	and descending. —Those points, 
where the centre of a planet crosses the ecliptic, are called its 
NODES, that at which it passes from south to north being called 
the ASCENDING NODE, and the other the DESCENDING NODE. 

While the planet passes from the ascending to the descending 
node it is north of the ecliptic ; and while it passes from the 
descending to the.ascending node, it is south of it. 

All these phenomena indicate that the planet does not move 
in the plane of the ecliptic, but in a plane inclined to it at a 
certain angle. 	This angle cannot be great, since the planet is 
never observed to depart far from the ecliptic. 	With a few 
exceptions, which will be noticed hereafter, the obliquity of the 
planets' orbits do not amount to more than 7°. 

'2626. The zodiac. — The planets, therefore, not departing 
more than about 8° from the ecliptic, north or south, their 
motions are limited to a zone of the heavens bounded by two 
parallels to the ecliptic at this distance, north and south of it. 

2627. Methods of determining a planet's distance from the 
sun. — This problem may be solved with more or less approxi- 
mation by a great variety of different methods. 	In all it is as- 
sumed that the earth's distance from the sun is previously as-
certained, the immediate result being in every case the deter-
mination of the ratio which the planet's distance from the sun 
bears to the earth's distance. 

2628. 1°. By the elongation and synodic motion. — This 
method has been already explained (2592). 

2629. 2°. By the greatest elongation for an inferior planet.- 
-When an inferior planet is at its greatest elongation, the angle 
r, included by lines drawn from it to the sun and earth, will be 
90° (2576), and consequently the two angles at E and s taken 
together will be 90°. 	If the elongation E be observed, the 
angle at s will be 90°-E, and will therefore be known, and 
thus the distances sr and E r may be computed as in the first 
method. 

2630. 3°. By the greatest and least apparent magnitudes. — 
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If m and m' be the apparent magnitudes of an inferior planet 
when at inferior and superior conjunction, and e and p be the 
distances of the earth and planet from the sun, e — p will be the 
distance of the planet from the earth at inferior, and e +p at 
superior conjunction (2577); and since the apparent magni-
tudes are in the inverse ratio of these distances (1118), we shall 
have 

2/4 	e + p _ 
P 
 m' 	e —p 

and consequently 

= m— ne 

	

x 	e. p 	m + na, 	• 
If m + m' be the apparent magnitudes of a superior planet in 
opposition and conjunction, its distances at these points will be 
p —e and p + e, and we shall have as before 

m — p + e 
ne 	p — e' 

and therefore 

— m + ny x e. p 	na — M. 
, 

2631. 4°. By the harmonic law. — This law (2614) being 
deduced from the law of gravitation (2616), independently of 
the observation and comparison of times and distances, it may 
be used for the determination of the distances, the times being 
known. 	Let E and P be the periodic time of the earth and 
planet, and e and p their distances from the sun. 	We shall 
then, by the harmonic law, have 

	

pa 	P2 

	

— 	- 

	

ea 	E 
7  
-
, 
 

and therefore 

/2 2  = i'. 	x 	ea, 
E 2  

and thus the distance p may be found. 
2632. To determine the real diameters and volumes of the 

bodies of the system. — The apparent diameter at a known dis-
tance being observed, the real diameter may be computed by 
the principle explained in 2299. 	The linear value of 1" at the 
distance being known, the real diameter will be obtained by 
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multiplying such value by the apparent diameter expressed in 
seconds. 

The discs of the inferior planets not being visible at inferior 
conjunction when their dark hemispheres are presented to the 
earth, and being lost in the effulgence of the sun at superior 
conjunction, can only be observed between their greatest elonga- 
tion and superior conjunction, when they appear gibbous. 	The 
distance of the planet from the earth is computed in this posi- 

' tion by knowing the distances of the planet and the earth 
from the sun, and the angle under the lines drawn from the sun 
to the earth and planet, which can always be computed (2587). 
This distance being obtained, the linear value of 1" at the planet 
will be found (2298), which, being multiplied by the greatest 
breadth of its gibbous disk, the real diameter will be obtained. 

In the case of the superior planets, their diameters may be 
best obtained when in opposition, because then they appear 
with a full disk, and, being nearer to the earth than at any 
other elongation, have the greatest possible magnitude. 	Their 
distance from the earth in this position is always the difference 
between the distances of the earth and planet from the sun. 

When the real diameters are found the volumes will be ob-
tained, since they are as the cubes of the real diameters. 

2633. Methods of determining the masses of the bodies of the 
solar system. — The work of the astronomer is but imperfectly 
performed when he has only mentioned the distances and mag-
nitudes, and ascertained the motions and velocities, of the great 
bodies of the universe. 	He must not only measure, but weigh 
these stupendous masses. 

The masses or quantities of matter in bodies upon the surface 
of the earth are estimated and compared by their weights—that 
is, by the intensity of the attraction which the earth exerts upon 
them. 	It is inferred that equal quantities of matter at equal 
distances from the centre of the earth are attracted by equal 
forces, inasmuch as all masses, great and small, fall with the 
same velocity (234). 

The intensity of the attraction with which the earth thus 
acts upon a body at any given distance from its centre depends 
on the mass or quantity of matter composing the earth. 	If the 
mass of the earth were suddenly increased in any proposed 
ratio, the weights of all bodies on its surface, or at any given 
distance from its centre, would be increased in the same ratio, 
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and, in like manner, if its mass were diminished, the weights 
would be decreased in the same ratio. 	In fine, the weights of 
bodies at any given distance from the earth's centre would vary 
with, and be exactly proportional to, every variation in the 
mass of the earth. 

This principle is general. 	If m and a' be any two masses of 
matter, the attractions which they will exert upon any bodies, 
placed at equal distances from their centres of gravity, will be 
in the exact proportion of the quantities of ponderable matter 
composing them.  

But it will be convenient to obtain the relation between the 
masses and the attractions they exert at unequal distances. For 
this purpose, let the attractions which they exert at equal dis-
tances be expressed by f and f', and let the common distance 
at which those attractions are exerted be expressed by x, and 
let F and lz' express the attractions which they respectively 
exert at any other distances, r and r, and we shall have, accord-
ing to the general law of gravitation, 

f : F : : 	— 
1 	. 

: — 

	

x 2 	2' 2  

	

1 	1 f' •: 	r' . : 	—
x 2 	

: 	, 7.,2 • 
and consequently 

f x 	1— f 	X 	I  
F 	Tr 	e 	7,2'  

from which it follows that 

f _  P x r 2  
f 	e x r'2'  

But since the masses m and At' are proportional to the attitctions 
f and fc we have 

f . 	 .1 _ 	_ 	 , 
t 	at' 

and therefore 
at = F X 92  
3I' 	r' x 	7/2'  

that is, the attracting masses are proportional to the products 
obtained, by multiplying any two forces exerted by them by the 
squares of the distances at which such forces are exerted. 

Hence in all cases in which the attractive forces exerted by 
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any central masses at given distances can be measured by any 
known or observable motions, or other mechanical effects, the 
proportion of the attracting masses.= be determined. 

2634. Method of estimating central masses round which 
bodies revolve. — If bodies revolve round central attracting 
masses as the planets revolve round the sun, and the satellites 
round their primaries, the ratio of the attracting forces, and 
therefore that of the central masses, can be deduced from the 
periods and distances of the revolving bodies by the principles 
and method explained in 2614. 

Thus if P and P' be the periods of two bodies revolving round 
different attracting masses ra and 31! at the distances r and r', 
we shall have 

P 	 r 	pt2 	r 	p'4 

	

F' = p 2 	X ...- — 	X -- ; 
ri 	r' 	p 2 

	

and substituting this for -P 	n the formula found in 2633, we E
, 

have 

	

of 	r 3 	P' 2 

	

= 	X 

	

ne 	r!3 	r
•—, ) 

Ey this principle the ratio of the attracting masses can always 
be ascertained when the periods of any bodies revolving round 
them at known distances are known. 

2635. Method of determining the ratio of the masses of all 
planets which have satellites to the mass of the sun. — This 
problem is nothing more than a particular application of the 
principle explained above. 

To solve it, it is only necessary to ascertain the period and 
distance of the planet and the satellite, and substitute them in 
the formula determined in 2634. 	The arithmetical operations 
being executed, the ratio of the masses will be determined. 

2636. To determine the ratio of the mass of the earth to that 
of the sun. — Since the earth has a satellite, this problem will 
be solved by the method given in 2635. 

If r and r express the distances of the earth from the sun 
and moon, and P and P'  the periods of the sun and moon, we 
shall have 

r 400 	p' 	27.30 	1 — 	— --,- 	— r' 	r 	365.25 	13.38 
nx. 	 0 
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r 3 	 p/2 	1 = 64000000 	= 
3 	 p2 	179.024' 

which being substituted, and the operations executed, gives 
iu 
12 

 = 357500. 

2637. To determine the masses of planets which have no 
satellites. — According to what has been explained, the masses 
of the bodies composing the solar system are measured, and 
compared one with another, by ascertaining, with the necessary 
precision, any similar effects of their attractions, and allowing 
for the effects of the difference of distances. 	The effects which 
are thus taken to measure the masses and to exhibit their 
ratio to the mass of the sun in the case of planets attended 
by satellites, is the space through which a satellite would be 
drawn by its primary, and the space through which a planet 
would be drawn in the same time by the sun. 	These spaces 
indicate the actual forces of attraction of the planet upon the 
satellite and of the sun upon the planet, and when the effect of 
the difference of distance is allowed for, the ratio of tfie mass of 
the planet to the mass of the sun is found. 

In the case of planets not attended by satellites, the effect 
of their gravitation is not manifested in this way, and there is 
no body smaller than themselves, and sufficiently near them to 
exhibit the same easily measured and very sensible effects of 
their attraction, and hence there is considerable difficulty, and 
some uncertainty, as to their exact masses. 

2638. Mass of Mars estimated by its attraction upon the 
earth. — The nearest body of the system to which Mars ap-
proaches is the earth, its distance from which in opposition 
is nearly fifty millions of miles, or half the distance of the 
earth from the sun. 	Now, since the volume of Mars is only 
the eighth part of that of the earth, it may be presumed, 
that whatever be its density .its mass must be so small, that 
the effect of its attraction on the earth at a distance so great 
must be very minute, and therefore difficult to ascertain by 
observation. 	Nevertheless, small as the effect thus produced 
is, it is not imperceptible, and a certain deviation from the 
path it would follow, if the mass of Mars were not thus present, 
has been observed. 	To infer from this deviation, the mass of 
Mars is, however, a problem of much greater complexity than 
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the determination of the mass of a planet by observing its at- 
traction upon its satellite. 	The method adopted for the solution 
of the problem is a sort of " trial and error." 	A conjectural 
mass is first imputed to Mars, and the deviation from its course 
which such a mass would cause in the orbital motion of the 
earth is computed. 	If such deviation is greater or less than 
the actual deviation observed, another conjectural mass, greater 
or less than the former, is imputed to the planet, and another 
computation made of the consequent deviation, which will come 
nearer to the• true deviation than the former. 	By repeating 
this approxirpative and tentative process a mass is at length 
found, which, being imputed to Mars, would produce the ob-
served deviation : and this is accordingly assumed to be the 
true mass of the planet. 

In this way the mass of Mars has been approximatively es-
timated at the seventh part of the mass of the earth. 

The smallness of this mass compared with its distance from 
the only body on which it can exert a sensible attraction will 
explain the difficulty of ascertaining it, and the uncertainty 
which attends its value. 

2639. Masses of Venus and Mercury.— The same causes of 
difficulty and uncertainty do not affect in so great a degree the 
planet Venus, whose mass is somewhat greater than that of the 
earth, and which moreover comes when in inferior conjunction 
within about thirty millions of miles of the earth. 	The effects 
of the attraction of the mass of this planet upon the earth's 
orbital motion are therefore much more decided. 	The devia- 
tion produced by it is not only easily observed and measured, 
but it affects in a sensible manner the position of the plane of 
the earth's orbit. 	By the same system of " trial and error," 
the mass of this planet is ascertained to be greater by a twen-
tieth than that of the earth. 

The difficulties attending the determination of the mass of 
Mercury are still greater than those which affect Mars, and its 
true value is still very uncertain. 	Attempts have lately been 
made to approximate to its value, by observing the effects of 
its attraction on one of the comets. 

2640. Methods of determining the mass of the moon.—Owing 
to its proximity and close relation to the earth, and the many 
and striking phenomena connected with it, the determination of 
the mass of the moon becomes a problem of considerable im- 

o 2 
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portance. 	There are various observable effects of its attraction 
by which the ratio of its mass to those of the sun or earth may 
be computed. 

2641. 1°. By nutation. —It will .be shown hereafter that 
the attractions of the masses of the sun and moon upon the 
protuberant matter surrounding the equator of the terrestrial 
spheroid produce a regular and periodic change in the direction 
of the axis of the earth, and consequently a corresponding 
change in the apparent place of the celestial pole. 	The share 
which each mass has in these effects being ascertained, their 
relative attractions exerted upon the redundant matter at the 
terrestrial equator is found, and the effect of the difference of 
distance being allowed for, the ratio of the attracting masses is 
obtained. 

2642. 2°. By the tides.—It has been shown (Chap. X.), that, 
by the attractions of the masses of the sun and moon, the tides of 
the ocean are produced. The share which each mass has in the 
production of these effects being ascertained, and the effect of the 
difference of distance being allowed for, the ratio of the masses 
of the sun and moon is obtained. 

2643. 3°. By the common centre of gravity of the moon and 
the earth. — It has been stated that the centre of attraction 
round which the moon moves in her monthly course is the centre 
of the earth. 	This is nearly, but not exactly true. 	By the law 
of gravitation the centre of attraction is not the centre of the 
earth, but the centre of gravity of the earth and moon, that is, 
a point whose distance from the centre of the earth has to its 
distance from the centre of the moon the same ratio as the 
mass of the moon has to the mass of the earth (309). 	Around 
this point, which is within the surface of the earth, both the 
earth and moon revolve in a month, the point in question being 
always between their centres. 	If, then, the position of this 
point can be found, the ratio of its distances from the centres of 
the earth and moon will give the ratio of their masses. 

Now, the monthly motion of the earth round such a centre 
would necessarily produce a corresponding apparent monthly 
displacement of the sun. 	Such displacement, though small (not 
amounting to more than a few seconds), is nevertheless capable 
of observation and measurement. 	The exact place of the sun's 
centre being therefore computed on the supposition of the ab-
sence of the moon, and compared with its observed place, the 
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motion of the earth's centre and the position of the point round 
which it revolves has been determined, and the relative masses 
of the earth and moon thus found. 

2644. 4°. By terrestrial gravity.—By what has been already 
explained, the space through which the moon would be drawn 
towards the earth in a given time by the earth's attraction can 
be determined. 	Let this space be expressed by s. 	The linear 
velocity v of the moon in its orbit can also be determined. Now, 
if r be the radius of the orbit, we shall have (2614) 

2r xs=v2, 
and consequently 

v 2  r = 	 • 
2s 

We find, therefore, the radius vector of the moon's orbit by 
dividing the square of its linear velocity by twice the space 
through which it would fall towards the earth in the unit of 
time. 	But this radius vector is the distance of the moon's 
centre from the common centre of gravity of the earth and 
moon. 	The distance of that point, therefore, from the centre 
of the earth, and consequently the ratio of the masses of the 
earth and moon, will be thus found.  

All these methods give results in very near accordance, from 
which it is inferred that the mass of the moon is not less than 
the seventy-fifth, nor greater than the eightieth, part of the mass 
of the earth, and it is consequently the. twenty-eighth millionth 
part of the mass of the sun. 

2645. To determine the masses of the satellites. — The same 
difficulties which attend the determination of the masses of 
the planets not accompanied by satellites also attend the de-
termination of the masses of satellites themselves, and the 
same methods are applicable to the solution of the problem. 
The masses of the satellites of Jupiter and the other superior 
planets are ascertained in relation to those of their primaries by 
the disturbing effects which they produce upon the motions of 
each other. 

2646. To determine the densities of the bodies of the system.— 
The masses and volumes being ascertained, the densities are 
found by dividing the masses by the volumes. 	Thus, if n and 
n' be the densities of the earth and a planet, at and re their 
masses, and v and v' their volumes, we shall have 

o s 
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at 	, D 	:, 	D' : : — 	„ 	21'  —
1 

 „ 
V 	v 

2647. The method of determining the superficial gravity on 
a body. — When it is considered how important an element in 
all the mechanical and physical phenomena on the surface of 
the earth, the intensity of gravity at the surface is, it will be 
easily understood that in the investigation of the superficial 
condition and local economy of the other bodies of the solar 
system, the determination of the intensities of the forces with 
which they attract bodies placed on or near their surfaces, is a 
problem of considerable interest. 

If the mass of the earth be expressed by air, its semidiameter 
by r, and the force of gravity on its surface by g, while at', r', and 
g' express the same physical quantities in relation to any other 
body having the form of a globe, we shall have 

Be 
g 	: g' • • 	at — • 	---, 2.2 	• 	r' a'  

because, by the general law of gravitation, the force, is in the 
direct ratio of the masses and the inverse ratio of the square of 
the attracted body from their centre, and in this case the attracted 
body being supposed to be at their surfaces, those distances will 
be their semidiameters. 

From the preceding proportion may be inferred the formula 
9 	at 	r2  

- 	X -1, 9 
	at, 	r' 

by which the superficial gravity may always 	be computed 
when the ratios of the masses and the diameters are known. 

2648. Superficial gravity of the sun. — The mass of the sun 
being 355,000 times that of the earth, while its diameter is 110 
times that of the earth, we shall have 

: 	:: 1 	: 	355,000 — 289. g 	g' 
12,100 

It appears, therefore, that the weight of a body placed 'at the 
surface of the sun is twenty-nine times its weight on the sur-
face of the earth. 

A man, whose average weight would be li cwt. on the earth, 
would weigh 2 tons .and 1-3d if transferred to the surface of 
the sun. The human frame, organised as it is, would be crushed 
under its own weight if removed there. 
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Muscular force is therefore 29 times more efficacious upon 
the earth than it would be upon the sun. 

2649. Superficial gravity on the moon. — The mass of the 
moon has been ascertained to be the 80th part of that of the 
earth, while the diameter of the moon is about the fourth part 
of that of the earth. 	We have, therefore, in the case of the 
moon 

g 	. 	g' :: 1 	. 	16 = 1  ; 80 	5 
so that the superficial gravity on the moon is five times less 
than on the-earth. 	A man weighing 1.5 cwt. on the earth 
would only weigh 0.3 cwt., or 332lbs., if transferred to the 
moon. 

2650. Classcation of the planets in three groups. — First 
group — the terrestrial planets. —Of the planets hitherto dis-
covered, three which present in several respects remarkable 
analogies to the earth, and whose orbits are included within a 
circle which exceeds the earth's distance-  from the sun by no 
more than one-half, have been from these circumstances deno- 
minated TERRESTRIAL PLANETS. 	Two of these, MERCURY and 
VENUS, revolve within the orbit of the earth; and the third, 
MARS, revolves in an orbit outside that of the earth, its distance 
from the earth when in opposition being only half the earth's 
distance from the sun. 

2651. Second group — the planetoids. —A chasm having a 
width measuring little less than four times the earth's distance, 
separated, for many ages after astronomy had made consider-
able progress, the terrestrial planets from the more remote 
members of the system. 	The labours of observers during 
the last half century, but chiefly during the last seven years, 
have filled this chasm with no less than twenty-three planets, 
distinguished from all the other bodies of the system by their 
extremely minute magnitudes, and by the circumstance of re- 
volving in orbits very nearly equal. 	These bodies have been 
distinguished by the name of ASTEROIDS or PLANETOIDS, the lat-
ter being preferable as the most characteristic and appropriate. 

2652. Third group — the major planets. — Outside the pla-
netoids, and at enormous distances from the sun and from 
each other, revolve four planets of stupendous magnitude —
named JUPITER, SATURN, URANUS, and NEPTUNE : the two 
former being visible to the naked eye, were known to the 
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ancients ; the two latter are telescopic, and were discovered 
in modern times. 

CHAP. X1111 

• THE TERRESTRIAL PLANETS. 

L MERCURY. 

2653. Period. — The nearest of the planets to the sun, and 
that which completes its revolution in the shortest time, is 
MERCURY. 

The synodic period of this planet, determined by immediate 

	

observation, is 115.88 days. 	Hence we shall have by the 
formula (2589). 

1 	 1 	1 	1 = 	+ 	— 
P 	115.88 	365.25 	87.98.  

The period of Mercury is, therefore, 87.98, or very 'nearly 88 
days. 

By methods of calculation susceptible of still greater preci-
sion, the period is found to be 87.97 days. 

If the earth's period be expressed by 1, that of Mercury will, 
therefore, be 0-2408. 

2654. Heliocentric and synodic motions. — The mean daily 
heliocentric motion is, therefore (2568), 

1296000 a = 	— 14732'45 :-...- 24545 = 4°.092. 
87.97 

The mean daily synodic motion is (2569) 
a = a — e = 14732'45 — 3548".2 = 11184".3 =18644 = 30-11. 

2655. Distance determined by greatest elongation.— Owing 
to the ellipticity of the planet's orbit, its greatest elongation is 
subject to some variation. 	Its mean amount is, however, about 
22°-5. 	If the radius r of the planet's orbit, drawn from the sun 
to the planet at the point of its greatest elongation, were the 
arc of a circle, having the earth's distance from the sun as 
radius, we should have (2294) 

r = 95,000;000 x 22°.5 = 37,303,000 miles. t 	 57.3 
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But the radius r being, in fact, the sine of 22'3.5, and not the 
arc itself, the value of r is a little less, being about 362- millions 
of miles. 

2656. By the harmonic law. —If r express the distance of 
the planet, that of the earth being 1, we shall have (2621) 

r3  = 0-24082  = 0.3873. 
The distance of the planet is, therefore, 0.387. 	But the mean 
distance of the earth being 95 millions of miles, we shall have 
for the mean distance of the planet 

2/ = 95,000,000 x 0.387 = 36,770,000 miles. 
2657. Mean and extreme distances from the earth.—The ec-

centricity of the orbit of Mercury is much more considerable 
than those of the planets generally, being a little more than 
01, expressed in parts of the mean distance. 	The distance of 
the planet from the sun is, therefore, subject to a variation, 
amounting to so much as a fifth part of its mean value. 	The 
greatest and least distances from the sun are, therefore, 

362 + 74. = 43i millions of miles in aphelion 
362- 4--. 74 = 291 	ff 	 ff 	perihelion. 

The distance is, therefore, subject to a variation in the ratio of 
5 to 7 very nearly. 

The mean distances of the planet from the earth are, there-
fore, 

95 — 36/ = 	59j•  mill. of miles at inf. conj. 
95 ÷ 36/ = 131/ 	)7 	 „ 	sup. conj. 

These distances are subject to an increase and diminution of 
seven and one-third millions of miles due to the eccentricity of 
the orbit of the planet, and one million and a-half of miles due 
to the eccentricity of the orbit of the earth. 

2658. Scale of the orbit relatively to that of the earth.—The 
orbit of Mercury and a part of that of the earth are exhibited 
on their proper scale in fig. 742., where s E is the earth's distance 
from the sun, and mm"m the orbit of the planet. The lines E m" 
drawn from the earth touching the orbit of the planet deter-
mine the positions of the planet when its elongation is greatest 
east and west of the sun. 	The points m are the positions of the 
planet at inferior and superior conjunction., 

2659. Apparent motion of the planet. — The effects of the 
combination of the orbital motions of the planet and the earth 
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upon the apparent place of 
prehended. 

____ _ 

the planet will now be easily com- 

Since the mean value of the 
greatest elongation m" Es --, 22r, 

the arc nam"= 67e and there- 
'e 	. 	

- 
771' 

 i 	, 	41' fore m"m m"= 674° x 2 = 135°. 
' 	,,, ) 	• 	' The times of the greatest don- 

gations east and west therefore 
'• • , s'  	e'' 	' 	i .t,  divide the whole synodic period 

into 	two unequal parts, in one 
771 	

// 	al 

, of which, that from the greatest 
n 	tr/ elongation east through inferior 

conjunction to the greatest elon- 
gation 	west, 	the planet 	gains 
upon 	the 	earth 135° ; and in 
the other, that from the greatest 
elongation west, through supe- 

- rior conjunction to the greatest 
• Fig. 742. elongation east, it gains 3600  — 

135° = 225°. 	Since the parts 
into which the synodic period is thus divided are proportional 
to these angles, they will be 
numbers as 116 days), 

135 x 116 

(taking the synodic period in round 

= 43i days; 360 
225 x 116 . = 721 days. 360 

And since the former interval is divided equally by the epoch 
of inferior, and the latter by the epoch of superior, conjunction, 
it follows, that the intervals between inferior conjunction and 
greatest elongation are 214 days, and the intervals between 
superior conjunction and greatest elongation are 361 days. 

The interval between the times at which the planet is 
stationary, before and after inferior conjunction, is subject to 
some variation, 	owing 	to the 	eccentricities 	of 	the orbits 
both of the planet and the earth, but chiefly to that of the 
planet's orbit, which is considerable. 	If its mean value be taken 
at 22 days, the angle gained by the planet on the earth in that 
interval being 

391 x 22 = 68°4, 
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the angular distances of the points at which the planet is sta-
tionary from inferior conjunction as seen from the sun would 
be 340.2, which would correspond to an elongation of about 21°, 
as seen from the earth. This result, however, is subject to very 
great variation, owing to the eccentricity of the planet's orbit 
and other causes. 

2660. Conditions which favour the observation of an inferior 
planet. — These conditions are threefold ; 1. The magnitude of 
that portion of the enlightened hemisphere which is presented 
to the earth. 	2. The elongation. 	3. The proximity of the 
planet to the earth. 

Since it happens that the positions which render some of 
these conditions most favourable render others less so, the 
determination of the position of greatest apparent brightness is 
somewhat complicated. When the planet is nearest to the earth 
its dark hemisphere is presented towards us (2595); besides 
which, being in inferior conjunction, it rises and sets with the 
sun, and is only present in the day time. 	At small elongations 
in the inferior part of the orbit its distance from the earth is 
not much augmented, but it is still overpowered by the sun's 
light, and' would only appear as a thin crescent when it would 
be possible to see it. 	At the greatest elongation, when it is 
halved, it is most removed from the interference of the sun, but 
is brightest at a less elongation, even though it moves to a 
greater distance from the earth, since it gains more by the 
increase of its phase than it loses by increased distance and 
diminished elongation. 

Owing to the very limited elongation of Mercury, that planet, 
even when its apparent distance from the sun is greatest, sets 
in the evening long before the end of twilight; and when it 
rises before the sun, the latter luminary rises so soon after it 
that it is never free from the presence of so much solar light 
as to render it extremely difficult to see the planet with the 
naked eye. 

In these latitudes Mercury is therefore rarely seen with the 
naked eye. 	It is said that Copernicus himself never saw this 
planet, a circumstance which, however, may have been owing, 
in a great degree, to the unfavourable climate in which he 
resided. 	In lower latitudes, where the diurnal parallels are 
more nearly vertical and the atmosphere less clouded, it is more 
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frequently visible, and there it is more conspicuous, owing to 
the short duration of twilight. 

2661. Apparent diameter,— its mean and extreme values.—
Owing to the variation of the planet's distance from the earth, 
its apparent diameter is subject to a corresponding cliange. 
At its greatest distance its apparent diameter is 4r, and at its 
least distance 114', its value at the mean distance being 61". 

The apparent diameter of the moon being familiar to every 
eye supplies a convenient and instructive comparison by which 
the apparent magnitudes of other objects may be indicated, and 
we shall refer to it frequently for that purpose. 	The disk of 
the full moon subtends an angle of 1800" to the eye. It follows, 
therefore, that the apparent diameter of Mercury when it ap-
pears as a thin crescent near inferior conjunction is about the 
150th part, near the greatest elongation it is the 280th part, 
and near superior conjunction the 400th part, of the apparent 
diameter of the moon. 	With a magnifying power of 140, it 
would therefore, at its greatest elongation, appear with a disk 
half the apparent diameter of the moon. 	 . . 

2662.. Real diameter. — The distance of Mercury in inferior 
conjunction being 36i millions of miles, the linear value of 1" 
at it then is (2298)  

59,250,000 

	

206 265 	— 287.2 miles. A ,  
At this distance its apparent diameter is 11r; and if D' express 
its real diameter we shall have 

D' = 287'2 + 11.25 = 3231 miles. 
Other observations make the diameter somewhat less, and fix it 
at 2950 miles. 

2663. Volume. —If v' express the volume, that of the earth 
being v, we shall have 

v' 	e3 	/3231)3. 	1 

V - 173  = 	----- 7912) 	— 14.6 
The volume is therefore less than the 14th part of that of the 

earth. 	If the lesser estimate of the dia- 

/ 	
meter of Mercury be adopted, it will 

; 	B 	follow that its volume is about the 17th 
\\‘\ f 	' ' 	• 	part of that of the earth. 	The relative 1  

t 

volumes are represented by xi and E, 
Fig. 743. 	 fig. 743. 
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2664. Mass and density.— Some uncertainty has hitherto 
attended the calculation of the density and mass of this planet, 
owing to the absence of a satellite. The disturbances produced 
by it upon the motion of Encke's comet (a body which will be 
described in another chapter) have, however, supplied the means 
of a closer approximation to it. By this means it has been found 
that if ta' express the mass of the planet and m that of the earth, 
we shall have 

M' 	100 
M — 1225 ' 

so that the niass is 121 times less than that of the earth. 
If d' and d express the densities of the planet and the earth, 

we shall therefore'have 
d' 	 M' 	v 	100 	147 	1470  — 120. =— m x v, — 1225 x 

 _ 	_ 
d 	 10 = 1225 

Other estimates make it 1.12. 	So that it may be inferred that 
the density of Mercury exceeds that of the earth by an eighth 
to a fifth. 

2665. Superficial gravity.— If g' express the force of gravity 
on the surface of Mercury, g being the force on the surface of 
the earth, we shall have (2639)  

g' 	m! 	D'2 = 0.5. 
= — x -T- 9 	M 	D 

The superficial gravity is therefore only half the same force 
on the earth. 	Muscular and other forces not depending on 
w ,,ht are therefore twice as efficacious. 	The height through 

hich a body would fall in a second would be 964 inches, or a 
little more than eight feet. 

2666. Solar light and heat.— The apparent magnitude of 
the sun is greater than upon the earth, in the same ratio as the 
distance is less ; and.  owing to the considerable ellipticity of 
Mercury's orbit, it has apparent magnitudes sensibly different 
in different parts of Mercury's year. 	The apparent diameter of 
the sun as seen from the earth being 30', its apparent diameter 
seen from Mercury will be 

1000 = 02,..5, in 	 30' perihelion 	x 3 07 

in 	 30' x 	 °° = 64'.2, aphelion 4 67 
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at mean distance 30' 1000 x 	= 78'. 
387 

Thus the apparent diameter when least is twice, and when 
greatest three times, that under which the sun appears froni the 
earth. 

In fig. 744, 5., the relative apparent magnitudes of the sun, as 

• . 	i 	6.' 	c'.. 

• , 

,,' , i i rilort.'11114011,1rit."'l trl4  i , 
• ,. 	,'''' 	 ' 

• wft, . 

• 24 	I 	 . 	N 	
'1 ‘ 

• • 

Fig. 744. Fig. 745. 
seen from the earth and from Mercury, at, the mean distance 
and extreme distances, are represented at E,H,Bil, and m". 	HE 
be supposed to represent the apparent disk of the sun as seen 
from the earth, m will represent it as it appears to Mercury at 
the mean distance, m' at aphelion and nt" at perihelion. 

Since the illuminating and heating power of the sun's rays, 
whatever be the physical condition of 	surface of the planet, 
must vary in the same proportion as the apparent area of the 
sun's disk, it follows, that the light and warmth produced by 
the sun on the surface of the planet will be greater in perihelion 
than in aphelion, in the ratio of 9 to 4, and, consequently, there 
must be a succession of seasons on this planet, depending exclu- 
sively on the ellipticity of the orbit, and having no relation to 
the direction of its axis of rotation or the position of the plane 
of its equator with relation to that of its orbit. 	The passage of • 
the planet through its perihelion must produce a summer, and 
its passage through aphelion a winter, the mean temperature of 
the former ceteris paribus being above twice that of the latter. 

If the axis of the planet be inclined to the plane of its orbit, 
another succession of seasons will be produced, dependent on 
such inclination and the position of the equinoctial points. 	If 
these points coincide with the apsides of the orbit, the summers 
and winters arising from both causes will either respectively 
coincide, or the summer from each cause will coincide with the 
winter from the other. 	In the former case the intensities of 
the seasons and their extreme temperatures will be augmented 
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by the coincidence, and in the latter they will be mitigated, 
the summer heat from each cause tempering the winter cold from 
the other. 

If, on the other hand, the line of upsides be at right angles 
to the direction of the equinoxes, the summer and winter from 
each cause will correspond'with the spring and autumn from the 
other, and a Curious and complicated succession of seasons must 
ensue, depending on the degree of obliquity of the axis of the 
planet, compared with the effects of the eccentricity of its orbit. 

In comparing the calorific influence of the sun on Mercury and 
the earth, it must be remembered that the actual temperature 
produced by the solar rays depends on the density of the atmo-
sphere through which they pass, by which the heat is collected and 
diffused. 	The density of the sun's rays above the snow-line in 
the tropics is as great as at the level of the sea, but the tempe-
ratures of the air and surrounding objects are extremelydifferent. 
Notwithstanding, therefore, the greater density of the solar rays, 
the atmospheric conditions of the planet may be such that the 
superficial temperature may not be different from that of the 
earth. 

The intensity of the solar light must be greater than at the 
earth in the ratio of four to one when the planet is in aphelion, 
and nine to one when in perihelion. 	Its effects on vision, how-
ever, may be rendered the same by the mere adaptation of the 
contractile power of the pupil of the eye. 	(1129.) 

2667. Method of ascertaining the diurnal rotation of the 
planets. — One of the most interesting objects of telescopic 
inquiry regarding the condition of the planets is, the question 
as to their diurnal rotation. 	In general, the manner in which 
we should seek to ascertain this fact would be, by examining 
with powerful telescopes the marks observable upon the disk of 
the planet. 	If the planet revolve upon an axis, these marks, 
being carried round with it, would appear to move across the 
disk from one side to the other ; they would disappear on one 
side, and, remaining for a certain time invisible, would reappear 
on the other, passing, as before, across the visible disk. 	Let 
any one stand at a distance from a common terrestrial globe, 
and let it be made to revolve upon its axis : the spectator will 
see the geographical marks delineated on it pass across the 
hemisphere which is turned towards him. 	They will succes- 
sively disappear and reappear. 	The same effects must, of 
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course, be expected to be seen upon the several planets, if they 
have a motion of rotation resembling the diurnal motion of our 
globe. 

2568. Difficulty of this question in the case of Mercury. — 
This is a species of observation which has not yet been succes-
fully made in the case of Mercury.. Sir. John Herschel, who 
has enjoyed more than common advantages for telescopic obser-
vation under different climates, affirms, that little more can be 
certainly affirmed of Mercury than that it is globular in form, 
and exhibits phases, and that it is too small and too much lost 
in the constant and close effulgence of the sun to allow the 
further discovery of its physical condition. 	Other observers, 
however, claim the discovery of indications not only of rotation 
but other physical characters. Schrfiter says, that by examining 
daily the appearance of the cusps of the crescent he ascer-
tained that it has a motion of rotation in 24h. 5m- 288. 

2669. Alleged discovery' of mountains. — The same observer 
claims the discovery of mountains on Mercury, and even assigns 
their height, estimating one at 2132 yards, and another 18,97$ 
yards. 

These observations, not having been confirmed, must be con-
sidered apochryphal. 

II. VENUS. 
2670. Period. — The next planet proceeding outwards from 

the sun is Venus, which revolves in an orbit within that of the 
earth, and which, after the sun and moon, is the most splendid 
object in the firmament. 

The synodic period, ascertained by observation, is 584 days. 
Her period deduced from this (2589) is, therefore, 

1 — 	 _ 1 	1 	1 
P 	365.25 	584 	225 

By the other methods it is more exactly determined to be 
224.7 days. 

If the earth's period be taken as the unit, that of Venus will, 
therefore, be 0-61. 

2671. _Heliocentric and synodic motions. — The mean daily 
heliocentric motion of Venus is, therefore (2568), 

1296000 I 	a = 	 — 5768" = 96'43 = 1"-6, 
224.7 
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and the mean daily synodic motion is (2569) 
a = a — E = 5768" — 3548" = 2220" = 37', 

2672. Distance, by greatest elongation.—The mean amount of 
the greatest elongation of Venus being found by observation 
to be about 45° or 46°, it follows that in that position lines 
drawn to the earth and sun from the planet would form the 
sides of a square, of which the earth's distance from the sun is 
the diagonal. 	If, therefore, the earth's distance be expressed by 
1.0000, that of Venus would be 0.7071. 

2673. By the harmonic law.—If r express the mean distance 
of the planet from the sun (2621), we have 

r3  = 0.612  = .0.7193. 
Therefore r = 0.719 ; and since the mean distance of the earth 
is 95 millions of miles, we shall have 

r' = 95,000,000 X 0.719 = 68,300,000. 
13y more exact methods the distance is found to be 683- millions 
of miles. 

2674. Mean and extreme distances from the earth.—Its dis-
tances from the earth at inferior conjunction, greatest elonga-
tion, and superior conjunction, are therefore 

26,250,000 miles at inf. con. 
65,000,000 miles at greatest elon. 

163,750,000 miles at super. con. 
The eccentricity of the orbit of Venus being less than 0.007, 

these distances are subject to very little variation from that 
cause. The extreme distance of the planet from the sun will be 

681 — 0. 	= 68i millions of miles in perihelion, 
68 	+ 0i. = 694 	), 	„ 	aphelion. 

These distances of the planet from the earth are subject 
therefore to an increase and diminution, amounting to half a 
million of miles, due to the eccentricity of the planet's orbit, 
and one and a half million of miles due to that of the earth's 
orbit. 

2675. Scale of the orbit relative to that of the earth.—The 
relation of the orbit of Venus to the earth is represented in 
,fig. 746., where SE represents the earth's distance from the sun, 
and vet, the mean diameter of the planet's orbit on the same 
Scale. 	The angles SE v" represent the greatest elongation of 
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the planet, which is about 46°. The lesser elongations vo'us are 
those at which the planet ap-
pears with less than a full disk, 

40%. or gibbous, as at v'", or as a 
crescent, as at v'. (2595.) 

0 . 
..  2676. Apparent motion. — 

1 	 , , 	\ 
• 
,.z 	,), 

Since the mean value of the 
greatest elongation is ascer-
tained to be 46°, the angle at 
the sun, v"sE = 44°, and con- 

, , 	 / sequently the angle v"sv", in- 
,01 	' 	9'%)4.. , 	7 , - 	 , eluded between the greatest 

\\ 	 ak‘',.44
4 
 ' elongations east and west, is , Wit V 88.° 	Since the time taken by 

the planet to gain this angle 
upon the earth bears the same 

Fig. 746, ratio to the synodic period as 
this angle bears to 360°, the 

intervals into which the synodic period is divided by tile epochs 
of greatest elongation, are 

88 360 x 584 = 142.8 days. 

272 360 x 584 = 441.2 days. 

The intervals between inferior conjunction and greatest elonga- 
tion are therefore 71i days, and the intervals between superior 
conjunction and greatest elongation are 2201 days. 

2677. Stations and retrogression. — From a comparison of 
the orbital motions and distances of the earth and planet, it is 
found that the epochs at which it is stationary are about twenty 
days before and after inferior conjunction. Now, since the planet 
gains 0°.61 per day upon the earth, this interval corresponds to 
an angle of 

20 x 0°.61 = 12°-2, 
at the sun, which corresponds to an elongation of 25°. 

The arc of retrogression is little less than a degree. 
2678. Conditions which favour the observation of Venus.— 

This planet presents itself to the observer under conditions in 
many respects more favourable for telescopic examination than 
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Mercury. The actual diameter of Venus is more than twice that 
of Mercury. 	It approaches nearer to the earth in the inferior 
part of its orbit in the ratio of 13 to 30. 	It elongates itself 
from the sun to the distance of 46°, while the elongation of 
Mercury is limited to 222°. The latter is never seen, except in 
strong twilight. 	Venus, especially in the lower latitudes, is 
seen at a considerable elevation long after 	the cessation of 
evening and before the commencement of morning twilight, and 
when she has a gibbous or a crescent phase. The planet appears 
brightest when its elongation is about 40° in the superior part 
of her orbit. 	_ 

2679. Evening and morning star.—Lucifer and Hesperus.— 
This planet for these reasons is, next to the sun and moon, the 
most conspicuous and beautiful object in the firmament. When 
it has western elongation, it rises before the sun, and is called 
the MORNING STAR. 	When it has eastern elongation it sets after 
the sun, and is called the EVENING STAR. 

The ancients gave it, in the former position, the name 
LUCIFER (the harbinger of day), and in the latter HESPERUS. 

2680. Apparent diameter. — Owing to the great difference 
between its distance from the earth at inferior and superior 
conjunctions, the apparent diameter of this planet varies in 
magnitude within wide limits. 	At superior conjunction it is 
only 10", from which to inferior conjunction it gradually en-
larges until it becomes 62", and in some positions even so much 
as 76". 	At its greatest elongation its apparent diameter is 
about 25", and at its mean distance 164". 

Thus, when the planet appears as a thin crescent immediately 
before or after inferior conjunction, the magnitude is such that 
the line joining the cusps is the 30th part of the line joining 
the cusps of the crescent moon, and a telescope having a mag-
nifying power no greater than 30 will show it with an apparent 
size equal to that of the crescent moon to the naked eye. 

At or near the greatest elongation it requires a magnifying 
power of 70, and near superior conjunction one of 180, to pro-
duce a like effect. 

2681. Difficulties attending the telescopic observations 	of 
Venus. — Notwithstanding this the greatest difficulties have 
attended the telescopic observation of this planet. 	Its intense 
lustre dazzles the eye, and aggravates all the optical imperfec-
tions of the instrument. 
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The low altitudes at which the observations are generally 
made constitute another difficulty, the irregular effects of re- 
fraction 	interfering materially with the appearance. 	Some 
observers have consequently contended that the best position 
for observations upon it is near superior conjunction, when its 
phase is full, and when by proper expedients it may be ob- 
served at midday within a few degrees of the sun's disk. 

2682. Real diameter.—The linear value of 1" at Venus, when 
she appears as a thin crescent near her inferior conjunction, is 

26,250,000 — 127.2 miles. 
206,265 

At this distance her apparent diameter is 61"; and if Di express 
her real diameter, we shall have 

Le = 127.2 x 61 = 7760 miles. 
The magnitude of Venus is, therefore, nearly equal to that of 
the earth. 

2683. Mass and density. —By the methods explained in 
(2639), it has been ascertained that the mass of Venus is 
greater than that of the earth in the ratio of 113 to 100 ; and as 
the volumes are nearly equal their densities are also nearly equal. 

2684. Superficial gravity. — All the conditions which affect, 
the gravity of bodies on the surface of Venus being the same, 
or nearly so, as those which affect bodies on the earth, the super- 
ficial gravity is nearly the same. 

'2685. Solar light and heat.—The density of the solar rays 
is greater than upon the earth in the inverse ratio of the squares 
of the numbers 7 and 10, which express their distances from 
the sun. 	The intensity is, therefore, greater at Venus in the 
ratio of 2 to 1. 

The relative apparent magnitudes of the sun's disk at Venus 
and the earth are represented 
at v and E, fig. 747. 	Owing 

E • ,
4 

to the very small eccentricity 
.. . of the orbit this magnitude is 

Fig. 747. not subject to any very sen-
sible variation. 

2686. Rotation — probable mountains. — Although there is 
very little doubt of the fact that this planet has a diurnal ro- 
tation analogous to that of the earth, the .observations which 
might have been expected to demonstrate it in a satisfactory 
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manner have been obstructed by the causes already noticed 
(2681). 	Nevertheless 	Cassini, 	in 	the 17th 	century, 	and 
Schroter towards the close of the 18th, with instruments very 
inferior to the telescopes of the present day, deduced from the 
phases a period of rotation in complete accordance with the 
results of the most recent observations. 

These astronomers found that the points of the horns of 
the crescent observed between inferior conjunction and greatest 
elongation appeared at certain moments to lose their sharpness, 
and to become as it were blunted. 	This appearance was, how- 
ever, of very short duration, the horn after some minutes always 
recovering its sharpness. 	Such an effect would obviously be 
produced by a local _irregularity of surface on the planet, such 
as a lofty mountain, which would throw a long shadow over 
that part of the surface which would form the point of the horn. 
Now, admitting this to be the cause of the phenomenon, it 
ought to be reproduced by the same mountain at equal intervals, 
this interval being the time of rotation of the planet. 	Such a 
periodical recurrence was accordingly ascertained. 

2687. Observations of Cassini, Herschel, and Schroter. — 
rrom such observations the elder Cassini, so early as 1667, in-
ferred the time of rotation of the planet to be 23". 16P., a period 
not very different from that of the earth. 	Soon after this, 
I3 ianchini, an Italian astronomer, published a series of observa-
tions tending to call in doubt the result obtained by Cassini, and 
showing a period of 576 hours. 	Sir William Herschel resumed 
the subject, aided by his powerful telescopes, in 1780, but with-
out arriving at any satisfactory result, except the fact that the 
planet is invested with a very dense atmosphere. 	He found the 
cusps (contrary to the observations of Cassini, and, as we shall 
see, of more recent astronomers) always sharp, and free from 
irregularities. 	Schriiter made a series of most elaborate ob- 
servations on this planet, with a view to the determination of 
its rotation. 	He considered not only that he saw periodical 
changes in the form of the points of the horns, but also spots, 
which had sufficient permanency to supply satisfactory indica- 
tions of rotation. 	From such observations he inferred the time 
of rotation to be 2311. 21m. 7.985. 	From observations upon the 
horns, he inferred also that the southern hemisphere of the 
planet was more mountainous than the northern ; and he at-
tempted, from observations on the bluntness periodically pro- 
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not the appearance of the disc. 	Irregularities of curvature and 
of the forms of the cusps are apparent, which can only arise 
from corresponding irregularities of the surface of the planet. 
If the want of sharpness in the horns of the crescent arose from 
any effect produced by the terrestrial atmosphere on the optical 
image of the disc it would equally affect both cusps. 	Several 
of the diagrams, for example, figs. 1, 2, 3, 7, 8, 15, 17, are at 
variance with such an hypothesis, the cusps being obviously 
different in form. 

In corroboration of the observations of SchrOter, it was ascer-
tained that the southern cusp was subject to greater and more 
frequent changei of form than the northern, from which it was 
inferred that the southern hemisphere of the planet is the more 
mountainous. 	It is remarkable that the same character is found 
to prevail on the moon. 

It was not only observed that the irregularities of the concave 
edge of the crescent were subject to a change visible from 51s. 
to 5m., but that the same forms were reproduced after an in-
terval of 231h., subject to an error not exceeding from 5 to 10 
minutes. 

2690. More recent observations of De Vico. — In fine, De 
Vico, observing at a still later date at Rome, favotkred by the 
clear sky of Italy, made several thousand measurements of the 
Planet in its phases, the general result of which is in such com-
plete accordance with those of MM. Beer and Midler, that the 
fact of the planet's rotation may be now regarded as satisfac-
torily demonstrated, and that its period does not differ much 
from 23h. 15m. 

2691. Direction of the axis of rotation unascertained. — If 
such difficulties have attended the mere determination of the 
rotation, it will be easily conceived that those which have at-
tended the attempts to ascertain the direction of the axis of 
rotation have been much more insurmountable. 	The observa- 
tions above described, by which the rotation has been esta-
blished, supply no ground by which the direction of the axis 
could be ascertained. 	No spot has been seen the direction of 
whose motion could indicate that of the axis. 	It was conjec- 
tured, with little probability, by some observers, that the axis 
was inclined to the orbit at the angle of 75°. 	This conjecture, 
however, has not been confirmed. 

2692. Twilight on Venus and Mercury.—The existence of 
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an extensive twilight in these planets has been well ascertained. 
By observing the concave edge of the crescent which corre-
sponds to the boundary of the illuminated and dark hemispheres, 
it is found that the enlightened portion does not terminate sud-
denly, but there is a gradual fading away of the light into the 
darkness, produced by the band of atmosphere illuminated by 
the sun which overhangs a part of the dark hemisphere, and 
produces upon it the phenomena of twilight. 

Some observers have seen on the dark hemisphere of the 
planet Venus a faint reddish and grayish light, visible on parts 
too distant from the illuminated hemisphere to be produced by 
the light of the sun. 	It was conjectured that these effects are 
indications of the play of some atmospheric phenomena in this 
planet similar to the aurora borealis. 

In fine, it may be stated generally, that so far as relates to the 
physical condition of the inferior pipets, the whole extent of 
our certain knowledge of them is, that they are globes like the 
earth, illuminated and warmed by the sun; that they are in-
vested with atmospheres probably more dense than that of the 
earth ; and since observations render probable the existence of 
vast masses of clouds on Venus, if not on" Mercury, analogy 
justifies the inference that liquids exist on these planets. 

2693. Spheroidal form unascertained—suspected satellite. 
— One of the phenomena from which the rotation, as well as the 
direction of the axis, might be inferred, is the spheroidal form 
of the planet. 	To ascertain this by observations of the disk, it 
would be necessary to see the planet with a full phase. 	But 
when the inferior planets have that phase, they are near superior 
conjunction, and therefore lost in the solar light. 	It has been 
nevertheless contended, that when Venus is most remote from 
her node, she is 'sufficiently removed from the plane of the 
ecliptic to be observed with a good telescope at noon when in 
superior conjunction. 	No observation, however, of this kind 
has ever yet been made, and the spheroidal form of the planet 
is unascertained. 

Several observers of the last two centuries concurred in main- 
taining that they had seen a satellite of Venus. 	Cassini, the 
elder, imagined he saw such a body near the planet on the 25th 
of January, 1672, and again on 27th of August, 1686 ; Short, the 
well-known optical instrument maker, on 3d November, 1740; 
Montaigne, the French astronomer, in May, 1761; several ob- 
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servers in March, 1764, all agree in reporting observations of 
such a body. 	In each case the phase was similar to that of 
Venus, and the apparent diameter about a fourth of that of the 
planet. 	By collecting these observations, Lambert computed 
the orbit of the supposed satellite. 

In opposition to all this, it may be stated that notwithstand-
ing the immense improvement in optical instruments, and espe-
cially in the construction of telescopes of power far surpassing 
any of which the observers before the present century were in 
possession, no trace of such a body has been detected, although 
observers have increased in number, activity, and vigilance, in 
a proportion greater still than that of the improvement of teles-
copes. It must, therefore, be concluded, at least for the present, 
that the supposed appearances recorded by former observers 
were illusive. 

III. MARS. 

2694. Position in the system.—Proceeding outwards from 
the sun, the third planet in the order of distance is the Earth. 
The fourth in order, .whose orbit circumscribes that of the 
earth, is the planet Mars. 

2695. Period.—The synodic period of Mars is found by 
observation to be 780 days. 	It follows from this that if r 
express the periodic time of the planet in days, we shall have 

1 	 1 	1 	1 = 	— 	= __. 
P 	365 	780 	687 

The periodic time of Mars is therefore 687 days, or, as appears 
by more exact methods of calculation and observation, 686 979 
days. 

The earth's period being taken as the unit, the period of 
Mars will therefore be 1.881. 

2696. Distance.—To compute by the Harmonic Law the 
mean distance of Mars from the sun, we have therefore 

1.882  = 1.52463. 
The mean distance is therefore 1.5246, that of the earth being 
the unit, and the mean distance in miles is 

95,000,000 x 1.524 = 144,780,000, 
or about 1441 millions of miles. 

2697. Eccentricity —mean and extreme distances from the 
III. 	 P 
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earth.—The eccentricity of the orbit of Mars being about 
0.09, the distance is subject to a variation, the extreme amount 
of which is less than one-tenth of its mean value: The extreme 
distances are 

I441 +13=157/ million miles in aphelion. 
144i-13=131i million miles in perihelion. 

It appears, therefore, that the mean distances of the planet from 
the earth are 

In Opposition 	- 	- 	1441-95=491 million miles. 
In Conjunction 	- 	. 	144/+95=2391 million miles. 
In Quadrature 	- 	- 	 =109 million miles. 

These distances are subject to variation, whose extreme limit 
is about 15 millions of miles, owing to the combined effects of 
the eccentricities of the two orbits. 	Although the mean dis- 
tance of the planet in opposition from the earth is about half 
the distance of the sun, it may in certain positions of the orbit 
come within a distance of 35 hundredths of the sun's distance. 
In the opposition which took place in September, 1830, the 
distance of the planet was only 33th hundredths of the sun's 
mean distance. 

2698. _Heliocentric and synodic motions.—The mean daily 
Heliocentric motion of Mars is (2568) 

a —1296"
87

=18"86 	3141. = 6 
The mean synodic motion is therefore (2569) 

a = c — a = 3548 — 1886 = 16"62 = 27'1. 
2699. Scale of orbit relatively to that of the earth. —If ti, 

fig. 749., represent the position of the sun, and sm the distance 
of Mars, the orbit of the earth will be represented by EE"Eme- 

2700. Division of the synodic period.— The earth is at E"'  
when Mars is in conjunction, at Ei when in quadrature west of 
the sun, at E when in opposition, and at E" when in quadrature 
east of the sun. 

The angle of elongation S EIM being 90°, and the mean value 
of s m being 1.52, that of SE' being expressed by 1, it follows 
that the angle E'S 111 will be about 48°, and therefore E's Ef" = 
180° — 48° = 132°. 	 • 

Since the synodic period is 780 days, the mean time between 
quadrature and opposition will be 
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1. 48 x 780 = 104 days; 
3 60 

 '4! 	r) 
1 

, . 
and the mean time be- 
tween 	quadrature 	and 

4,
4 	 1  conjunction will be 

• . 	 I  132 x 780 = 286 days. 
360 

/ 
2701. Apparent motion. 

kli..10 	 .. • — The various changes 
1- •s, 

, 	' , 
of the apparent positions 
of the planet and 	sun 
during the synodic period 

4.' 	--_, may, therefore, be easily 
explained. 	At conjunc- 
tion the earth being 	at 

Fig. 749. 	 E"', the planet and sun 
pass the meridian toge- 

ther. 	In 	this case, the 	planet being above the horizon 
only during the day, is not visible. 	After conjunction, the 
planet passes the meridian in the forenoon, and ia therefore 
visible above the eastern horizon before sunrise. 	Before con- 
junction it passes the meridian in the afternoon, and is there- 
fore visible above the western horizon after sunset. 

At the time'of the western quadrature, the earth being at E', 
the planet passes the meridian about 6 A. sr., and at the time of 
western quadrature the earth being at E" it passes the meridian 
about 6 P.M. 	The planet has these positions about 286 days, 
more or less, after and before its conjunction. 

At the time of opposition, the earth being at E, the planet 
passes the meridian at midnight; and is therefore above the 
horizon from sunset till sunrise. 	Before opposition it passes 
the meridian before midnight, and is above the horizon chiefly 
during the later part of the night, and after opposition it passes 
the meridian after midnight, and is therefore above the horizon 
chiefly during the earlier part of the night. 

The interval during which it is visible more or less in the 
absence of the sun, being that during which it passes from 
western to eastern quadrature through opposition is, in the 
case of Mars, 104 x 2 = 208 days. 

r 2 
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2702. Stations 	and retrogression. — The elongations 	at 

which Mars is stationary, and the lengths of his arc of re-
trogression, vary to some extent with the distances of the 
planet from the sun and earth, which distances depend on the 
ellipticity of the two orbits, and the direction of their major 
axes. 	In 1854 Mars will be in opposition on 1st March, and 
will be stationary on the 17th January and 10th April. 	The 
right ascension on these days will be, 

17 Jan. 	- 	R. A. 	- 	- 	11h 19t8  328  
10 April - 	R. A. 	- 	- 	10 	4 	56 

14 	36 

It follows, therefore, that the extent of retrogression in right 
ascension will then be 14'n 368, which reduced to angular 
magnitude is 

(14m 368) x 15 = 219' = 3°-39'. 
2703. _Phases. — At opposition and conjunction the same 

hemisphere being turned to the earth and sun, the,  planet 
appears with a full phase. 	In all other positions the lines 
drawn from the planet to the earth and sun, making with each 
other an acute angle of greater or less magnitude, the phase 
will be deficient of complete fullness, and 	the planet will 
be gibbous, more so the nearer it is to its quadrature, in* 
which position the lines drawn to the earth and sun make 

the greatest possible angle, which being 
the complement 	of 	E' s m, 	will be 
90° — 48°  = 42°. 	Of the entire he- 
misphere presented to the earth 138° 
will therefore be enlightened and 42° 
dark. 	The corresponding form of the 
disk, as can easily be deduced from the 
common principles of projection, will be 
that which is represented in fig. 750., 

Fig. 750. 	the dark part being indicated by the 
dotted line. 

The gibbosity will be less the nearer the planet approaches 
to opposition or conjunction. 

2704. Apparent and real diameter. —The apparent diameter 
of Mars in opposition varies between rather wide limits, in con- 
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sequence of the variation of its distance from the earth in that 
position, arising from the causes explained above. 	When at 
its mean distance at opposition the apparent magnitude does 
not exceed 16", and at conjunction it is reduced to 3"1. 

In 1830, soon after opposition, when its distance from the 
earth was 381-16  million of miles, it exhibited a diameter of 22"; 
the linear value of 1" at that distance being 

38400000 
206265_ 185/ miles, 

the diameter n' of the planet must be .... 
33( =1851 x 22 = 4085 miles. 

2705. Volume. —If v' be 
v, we have 

v' 	4085 1 

the volume, that of the earth being 

1 
—

3 
--- = 0.133. 7.5 v — { 7900 

The volume is therefore less than the seventh part of that of 
the earth. 	The relative volumes of Mars and the earth are 
represented at m and E, fig. 746. 

2706. Mass and density. —By the methods explained it 
bas been ascertained that the mass of Mars is 145, that of the 
earth being 1000. 

We shall have for the density therefore, 
d' 	145 •— 	— 1 09. d —133 —   

The.density is very nearly equal, therefore, to that of the 
earth. 

2707. Superficial gravity. — The superficial gravity being 
determined by the formula (2639), we shall have 

— = 0.54. 
9 
9' 

It appears; therefore, that the force of gravity on the surface 
of Mars is a little more than half its intensity on the surface of 
the earth. 

2708. Solar light and heat. — The mean distance of the 
earth from the sun being less than that of Mars in the ratio of 
10 to 15, the apparent diameter of the sun as seen from Mars 
will be less than its diameter as seen from the earth in the same 

r 3 

   
  



• 318 	 ASTRONOMY. 

ratio. 	If E, fig. 747., represent the apparent disk of the suti 
as seen from the earth, 
at will represent its ap- 

E parent disk as seen from 
Mars. 

,.1 , A,Uir 	: Since the density of 
Fig. 751. the solar radiation de- 

creases as the square of 
the distance increases, its density at Mars will be less than at 
the earth in the ratio of 4 to 9. 

So far as the illuminating and heating powers of the solar 
rays depend on their density, they will, therefore, be less in the 
same proportion. 

2709. Rotation. —There is no body of the solar system, the 
moon alone excepted, which has been submitted to so rigorous 
and successful telescopic examination as Mars. 	Its proximity 
to the earth in opposition, when it is seen on the meridian at 
midnight with a full phase, affords great facility for this kind 
of observation. 

By observing the permanent lineaments of light and shade 
exhibited by the disk, its rotation on its axis can be distinctly 
seen, and has been ascertained to take place in 24I 37s,  10s, 
the axis on which it revolves appearing to be inclined to the 
plane of the planet's orbit at an angle of 28° 27'. 	The exact 
direction of the axis is, however, still subject to some uncer- 
tainty. 

2710. Days and nights. —It thus appears that the days, and 
nights in Mars are nearly the same as on the earth, that the 
year is diversified by seasons, and the surface of the planet by 
zones and climates not very different from those which prevail 
on our globe. The tropics, instead of being 23° 28', are 28°  27' 
from the equator, and the polar circles are in the same pro-
portion more extended. 

2711. Seasons and climates. — The year consists of 668 
Martial days and 16 hours, the Martial being longer than the 
terrestrial day in the ratio of 100 to 97. 

Owing to the eccentricity of the planet's orbit, the summer 
on the northern hemisphere is shorter than on the southern in 
the iratio of 100 to 79, but owing to the greater proximity of 
the sun, the intensity of its light and heat during the shorter 

   
  



THE TERRESTRIAL PLANETS. 	319 

northern summer is greater than during the longer southern 
summer in the ratio of 145 to 100. 	From the same causes, the 
longer northern winter is less inclement than the shorter 
southern winter in the same proportion. 

There is thus a complete compensation in both seasons in 
the two hemispheres. 

The duration of the seasons in Martial days in the northern 
hemisphere is as follows: — spring 192, summer 180, autumn 
150, winter 147. 

2712. Observations and researches of Messrs. Beer and 
Meidler.—It is mainly to the persevering labours of these 
eminent observeis that we are indebted for all the physical 
information we possess respecting the condition of the sur- 
face of this planet. 	Their observations, commenced at an 
early epoch, were regularly organised at the time of the oppo-
sition of 1830, with a view to ascertain with certainty and 
precision the time of rotation of the planet, the position of its 
axis, and so far as might be practicable a survey of its surface. 
These observations have been continued during every succeed-
ing opposition, in which the planet having northern declination 
rose to a sufficient altitude, and was made visible by a teles-
cope by Fraunhoffer of four and a half feet focal length, paral-
lactically mounted, and moved by clockwork, so as to keep the 
planet in the field of view notwithstanding the diurnal motion 
of the earth. 	With this instrument they were enabled to use a 
magnifying power of 300, and as the disk of the planet sub-
tended in 1830 a visual angle of 22", it was, when thus mag-
nified, viewed under an angle of 6600" or 110', being nearly 
four times the apparent diameter of the moon. 

2713. Areographic character.— That many of the lineaments 
observed are areographic, and not atmospheric, is established 
beyond all contestation by their permanency. 	They are not 
always visible, and when visible not always equally distinct; 
but are observed to retain the same forms, no matter how 
distant may be the intervals at which they may be submitted to 
examination. 	The elaborate researches and observations of 
MM. Beer and Miidler, which commenced with the opposition 
of 1830, were continued with unwearied assiduity in every 
succeeding opposition of the planet for twelve years, so far as 
the varying declination and the state of the weather at the 
epochs of the oppositions permitted. 	The same spots, cha- 
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racterised by the same forms, and the same varieties of light 
and shade, were seen again and again in each succeeding op- 
position. 	Changes of appearance were manifest, but through 
those changes the permanent features of the planet were always 
discerned; just as the seas and continents of the earth may be 
imagined to be distinguishable through the occasional openings 
in the clouds of our atmosphere by a telescopic observer of 
Mars. 

2714. Telescopic views of Mars—areographic charts of the 
two hemispheres.—A large collection of drawings of the various 
hemispheres of Mars presented to the observer has been made 
by MM. Beer and Madler. 	Thirty-five were made during the 
opposition of 1830, upwards of thirty during that of 1837, and 
forty during that of 1841, from a comparison of which charts 
were made, showing the permanent areographic lineaments of 
the northern and southern hemisphere. 

In Plate VII. we have given six views, selected from those 
of Beer and Midler, with the dates subjoined. 	In Plate VIII. 
are given the areographic charts of the two hemispheres. 	It 
will be observed, that as each spot approaches the edge of 
the disk its apparent form is modified by the effect of fore-
shortening, owing to the obliquity of the surface of the planet 
to the visual ray. 

2715. Polar snow observed. — All the lineaments exhibited 
in these drawings were found to be permanent, except the re- 
markable white spots which cover the polar regions. 	These 
circular areas presented the appearance of a dazzling whiteness,, 
and one of them was so exactly defined and so sharply termi-
nated, that it seemed like the full disk of a small and very 
brilliant planet projected upon the disk, and near the edge of a 
larger and darker one. 	The appearance, position, and changes 
of these white polar spots have suggested to all the observers 
who have witnessed them, the supposition that they proceed 
from the polar snows accumulated during the long winter, and 
which, during the equally protracted summer by exposure to 
the solar rays, more full by 7° degrees than at the poles of the 
earth, are partially dissolved, so that the diameter of the snow 
circle is diminished. 

The increase and diminution of this white circle takes place 
at epochs and in positions of the axis of the planet, such as are 
in complete accordance with this supposition. i 
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2716. Position of areographic meridians determined:—The 
leg and foot-shaped spot marked p n in the southern hemisphere, 
was distinctly seen and delineated in all the oppositions. 	This 
was one of the spots from the apparent motion of which the 
time of rotation was deduced. 

The spot a in the southern hemisphere connected with a large 
adjacent spot by a sinuous line, was also one of those whose 
position was most satisfactorily established. 	This spot was 
selected as the observatory of Greenwich has been upon the 
earth, to mark the meridian from which longitudes are reckoned. 

The spot efh, chiefly situate in the southern, but projecting 
into the northern hemisphere between the 90th and 105th 
degrees of longitude, was also well observed on repeated oc-
casions. 

According to Madler, the reddish parts of the disk are chiefly 
those which correspond to 40° long. and 15°  lat. S. 

The two concentric dotted circles marked round the south 
pole indicate the limits of the white polar spot as seen on dif- 
ferent occasions in 1830 and 1837. 	The redness of this planet 
is much more remarkable to the naked eye than when viewed 
with the telescope. 	In some cases, during the observations of 
MM. Beer and Madler, no redness was discoverable, and 
when it was perceived it was so faint that different observers 
at the same moment were not agreed as to its existence. 	It 
was found that the prevailing colour of the spots was generally 
yellow rather than red. 

Independently of any effect which could be ascribed to pro-
jection or foreshortening, it was found that the lineaments were 
always seen with much greater distinctness near the centre of 
the disk than towards its borders. 	This is precisely the effect 
which might be expected from a dense atmosphere surrounding 
the planet. 

2717. Possible satellite of Mars.— Analogy naturally sug-
gests the probability that the planet Mars might have a moon. 
These attendants appear to be supplied to the planets in aug-
mented numbers as they recede from the sun; and if this 
analogy were complete, it would justify the inference that Mars 
must at least have one, being more remote from the sun than 
the earth, which i 4 supplied with a satellite. No moon has ever 
been discovered to connection with Mars. 	It has, however, 
been contended hat we are not therefore to conclude that the 
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planet is.destitute of such an appendage; for as all secondary 
planets are much less than their primaries, and as Mars is by 
far the smallest of the superior planets, its satellite, if such 
existed, must be extremely small. 	The second satellite of 
Jupiter is only the forty-third part of the diameter of the planet;' 
and a satellite which would only be the forty-third part of the 
diameter of Mars, would be under one hundred miles in diameter. 
Such an object could scarcely be discovered even by powerful 
telescopes, especially if it do not recede far from the disk of the 
planet. 

The fact that one of the satellites of Saturn has been dis-
covered only within the last few years, renders it not altogether 
improbable that a satellite of Mars may yet be discovered. 

CHAP. XIV. 

THE PLANETOIDS. 

2718. A vacant place in the planetary series. — At a very 
early epoch in the progress of astronomy it was observed that 
the progression of the distances of the planets from the sun 
was characterised by a remarkable numerical harmony in which 
nevertheless a breach of continuity existed between Mars and 
Jupiter. 	This arithmetical progression was first loosely noticed 
by Kepler, but it was not until towards the close of the last 
century that the more exact conditions of the law and the close 
degree of approximation with which it was fulfilled, with the 
exception just noticed, was fully explained. 

This numerical relation prevails between the distances of the 
successive orbits of the other planets measured from that of the 
first planet Mercury. 	It was observed that such distances 
formed very nearly a series in duple progression, so that each 
distance is twice the preceding one, with the sole exception 
already mentioned. 	Although this law is not fulfilled like those 
of Kepler, with numerical precision, there is nevertheless so 
striking an approximation to it as to produces strong impression 
that it must be founded upon some physical cause and not 
merely accidental. 	To show the near approximation to its 
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exact fulfilment we have placed in the following table the suc-
cession of calculated distances from Mercury's orbit, which will 
exactly fulfil it in juxtaposition with the actual distances of the 
planets, the earth's distance from the sun being the unit. 

Calculated Distance from Mercury. Actual Distance from Mercury. 

Venus 	- 	- 	' Earth 	. 	. 	- 
Slars 	. 	. 	. 
Absent planet 	. 	- 
Jointer 	- 	- 	- Saturn 	- 	-' Uranus 	- 	- 	- 

0.3362 
0.6724 
1.3446 
2.6896 
5'3792 

10'7584 
21.5168 

0.3362 
0'6129 
1.1366 
4.3157 
9'1517 

181953 

By coniparing— these numbers it will be apparent that although 
the succession of distances does not correspond precisely with 
a numerical series in duple progression, there is nevertheless 
a certain approach to such a series, and at all events a glaring 
breach of continuity between Mars and Jupiter. 

Towards the close of the last century, professor Bode of 
Berlin revived this question of a deficient planet, and gave the 
numerical progression which indicated its absence in the form 
in which it has just been stated; and an association of astro-
nomers was formed under the auspices of the celebrated Baron 
de Zach of Gotha, for the express purpose of organising and 
prosecuting a course of observation, with the special purpose of 
searching for the supposed undiscovered member of the solar 
system. 	The very remarkable results which have followed this 
measure, the consequences of which have not even yet been 
fully developed, will presently be apparent. 

2719. Discovery of Ceres.—On the first day of the present 
century, Professor Piazzi observing in the fine serene sky of 
Palermo, noticed a small star of about the 7th or 8th magnitude 
which was not registered in the catalogues. On the night of the 
2nd again observing it, he found that its position relative to 
the surrounding stars was sensibly changed. 	The object ap- 
pearing to be invested with a nebulous haze he took it at first 
for a comet, and announced it as such to the scientific world. 
Its orbit being however computed by Professor Gauss, of 
Gottingen, it was found to have a period of 1652 days, and a 
mean distance from the sun expressed by 2135, that of the 
earth being 1. 	; 	 • 

By comparing this distance with that given in the preceding 
table at which a planet was presumed to be absent, it will be 
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seen that the object thus discovered filled the place with striking 
arithmetical precision. 

Piazzi gave to this new member of the system the name 
CERES. 

2720. Discovery of Pallas. — Soon after the discovery of 
Ceres the planet passing into conjunction ceased to be visible. 
In searching for it after emerging from the sun's rays in March 
1802, Dr. Olbers noticed on the 28th a small star in the con-
stellation of Virgo, at a place which he had examined in the 
two preceding months, and where he knew that no such object 
was then apparent. 	It appeared as a star of the seventh mag- 
nitude, the smallest which is visible without a telescope. 	In 
the course of a few hours he found its position visibly changed 
in relation to the surrounding stars. 	In fine the object proved 
to be another planet bearing a striking analogy to Ceres, and 
what was then totally unprecedented in the system, moving in 
an orbit at very nearly the same mean distance from the sun, • 
and having therefore nearly the same period. 

Dr. Olbers called this planet PALLAS. 
2721. Olbers' hypothesis of a fractured planet. — This dir-

cumstance, combined with the exceptional minuteness of these 
two planets, suggested to Olbers the startling, and then, as it 
must have appeared, extravagantly improbabl hypothesis, that 
a single planet of the ordinary magnitude existed formerly at 
the distance indicated by Bode's analogy, — that it was broken 
into small fragments either by internal explosion from some 
cause analogous to volcanic action, or by collision with a comet, 
—that Ceres and Pallas were two of its fragments, and in fine, 
that it was very likely that many other fragments, smaller still, 
were revolving in similar orbits, many of which might reward 
the labour of future observers who might direct their attention 
to these regions of the firmament. 

In support of this curious conjecture it was urged that in the 
case of such a catastrophe as was involved in the supposition 
the fragments, according to the established laws of .physics, 
would necessarily continue to revolve in orbits not differing 
much in their mean distances from that of the original planet; 
that the obliquities of the orbits to each other and to that of 
the original planet might be subject to a wider limit; that the 
eccentricities might also have exceptional ;magnitudes ; and, 
finally, that such bodies might be expected to have magnitudes, 
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so indefinitely minute as to be out of all analogy or comparison, 
not only with the other primary planets, but even with the 
smallest of the secondary ones. 

Ceres and Pallas both were so small as to elude all attempts 
to estimate their diameters, real or apparent. 	They appeared 
like stellar points with no appreciable disk, but surrounded with 
a nebulous haziness, which would have rendered very uncertain 
any measurement of an object so minute. 	Sir W. Herschel 
thought that Pallas did not exceed 75 miles in diameter. Others 
have admitted that it might measure a few hundred miles. 
Ceres is still smaller. 

The obliquity' of the orbit of Ceres to the plane of the ecliptic 
is above 10e and that of Pallas more than 34e. Both planets 
therefore when most remote from the ecliptic pass far beyond 
the limits of the zodiac, and differ in obliquity from each other 
by a quantity far exceeding the entire inclination of any of the 
older planets. 

It was further observed by Dr. Olbers, that at a point near 
the descending node of Pallas the orbits of the two planets very 
nearly coincided. 

Thus it appeared that all the conditions which rendered these 
bodies exceptional, and in which they differed from the other 
members of the solar system, were precisely thosewhich were 
consistent with the hypothesis of their origin advanced by 
Dr. Olbers. 

2722. Discovery of Juno.—A year and a half elapsed before 
any further discovery was produced to favour this hypothesis. 
Meanwhile observers did not relax their zeal and their labours, 
and on Sept. 1. 1804, at ten o'clock P. Bt., Professor Harding, of 
Lilienthal, discovered another minute planet, which observation 
soon proved to agree in all its essential conditions with the 
hypothesis of Olbers, having a mean distance very nearly equal 
to those of Ceres and Pallas, an exceptional obliquity of 13°, 
and a considerable eccentricity. 

This planet was named JUNO. 
Juno has the appearance of a star of the 8th magnitude, and 

a reddish colour. 	It was discovered with a very ordinary tele-
scope of 30 inches focal length and 2 inches aperture. 

2723. Discovery of Vesta. — On the 29th of March, 1807, 
Dr. Olbers discovered another planet under circumstances pre-
cisely similar to those already related in the cases of the former 
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discoveries. 	The name VESTA was given to this planet, which, 
in its minute magnitude and the character of its orbit, was 
analogous to Ceres, Pallas, and Juno. 

,Vesta is the brightest and apparently the largest of all this 
group of planets, and when in opposition may be sometimes ' 
distinguished by good and practised eyes without a telescope. 
Observers differ in their impressions of the colour of this planet. 
Harding and other German observers consider her to be red-
dish; others contend that she is perfectly white. Mr. Hind says 
that he has repeatedly examined her under various powers, and 
always received the impression of a pale yellowish cast in her 
light. 

2724. Discovery of the other Planetoids. — The labours of 
the observers of the beginning of the century having been now 
prosecuted for some years without further results were discon-
tinued, and it is probable that but for the admirable charts of 
the stars which have been since published, no other members of 
this remarkable group of planets would have been discovered. 
These, however, containing all the stars up to the 9th or 10th 
magnitude, included within a zone of the firmament 30°1n 
width, extending to 15° on each side of the celestial equator, 
supplied so important and obvious an instrument of research, 
that the subject was again resumed with a better prospect of 
successful results. 	It was only necessary for the observer, 
map in hand, to examine, degree by degree, the zone within 
which such bodies are known to move, and to compare star by 
star the heavens with the map. When a star is observed which 
is not marked on the map, it is watched from hour to hour, and 
from night to night. 	If it do not change its position it must be 
inferred that it has been omitted in the construction of the 
map, and it is marked upon it in its proper place. 	If it change 
its position it must be inferred to be a planet, and its orbit is 
soon calculated from its observed changes of position. 

By these means M. Henke, an amateur observer of Dreissen 
in Prussia, discovered on the 8th December, 1845, another of 
the small planets, which has been named Astriea. 

Since that time the progress of planetary discovery in the 
same region has advanced with extraordinary rapidity. 	Three 
planets were discovered in 1847, one in 1848, one in 1849, 
three in 1850, two in 1851, and in fine, not less than eight 
in 1852: I 
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In their exceptional minuteness of volume, their mean dis-
tances from the sun, and the very variable obliquities and 
eccentricities of their orbits, they all resemble the first four 
discovered in the beginning of the century, and are therefore 
in complete accordance with the conditions mentioned in the 
curious hypothesis of Olber's above stated. 

In the following table is given a complete list of the planetoids 
discovered up to the close of the last year (1852), with the 
dates of their discovery, and the names of their discoverers. 

The planet discovered by M. Gasparis, on the 17th of March, 
1852, was observed by that astronomer at the Naples Observa- 
tory, on the 17tli; 19th, and 20th March. 	It appeared as a star 
of the 10th or 11th magnitude. 	The observations were pub- 
lished in the " Comptes Rendus" of the Academy of Sciences, 
Paris, tome xxxiv. p. 532. 

The planet discovered by M. Luther was observed by that 
astronomer at Bilk near Dusseldorf, on the 17th April, and 
again by M. Argelander, on the 22d April, at Bonn. 	The 
observations were published in the " Comptes Rendus" of the 
Paris Academy, tome xxxiv. p. 647. 

2725. Table showing the number of Planetoids discovered 
before 1st January, 1853, the names conferred upon them, 
their discoverers, and the dates of their discovery. 	' 

Name. Discoverer. When discovered. Place or Observation. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 

13 
14 
IS 
16 
17 
IS 
19 
20 
21 
22 
23 

Ceres. 
Pallas. 	i 
Juno. 
Vesta. 
Art rtea. 
Hebe. 
Iris. 
Flora. 
Metis. 
Hygeia. 
Part lienope. 
Victoria 	(called 
Clio by American 
astronomers). 

Egeria. 
Irene • 
Eunornia. 
Ps sche. 
Thetis. 
Melpomene. 
Fortuna. 
Massalia, 
Lutetia, 
Calliope. 
Thalia. 

Piaui. 
Colliers. 
Harding. 
others. 
Henke. 
Menke. 
Hind. 
Hind. 
Graham. 
De Gasparls. 
De Gasparis. 
Hind. 

De Gasparis. 
Hind. 
De Gasparis. 
De Gasparis. 
Luther. 
Hind. 
Hind. 
Chacornac. 
Goldschrait. 
Hind. 
Hind. 

Jan. 1. 1801. 
March 20. 1802. 
Sept. I. 1804 
March 29. 1807. 
Dec. 8. 1815. 
July 1. 1847. 
Aug. 13. 1847. 
Oct. 18. 1847. 
April 25. 1848. 
April 12. 1849. 
May II. 1850. 
Sept. 13. 1850. 

Nov. 2. 1850. 
May 19. 1881. 
July 29. 1851. 
March 17. 1852. 
April 17. 1852. 
June 24. 1852. 
Aug. 22. 1852. 
Sept. 20. 1852. 
Nov.15. 1852. 
Nov. 16. 1852. 
Dec. 15. 1852. 

Palermo. 
Bremen. 
Lilienthal. 
Bremen. 
Dreissen (Prussia). 
Dreissen. 
London. 
London. 
Markreo (Ireland). 
Naples. 
Naples. 
London. 

Naples. 
London. 
Naples. 
N.ples. 
Bilk (Dusseldorf). 
London. 
London. 
Marseilles. 
Paris. 
London. 
London. 

a This planet aces discovered by M. de Gasparis four days later, at Naples, before that 
astronomer bad received the information of the discovery of Mr. Hind. 

   
  



328 	 ASTRONOMY. 

2726. The discovery of these mainly due to amateur astro-
nomers.—Dr. Olbers was a practitioner in medicine, Messrs. 
Henke, Luther, and Goldschmit amateur observers, Mr. Hind 
has been engaged in the private observatory of Mr. Bishop, in 
the Regent's Park, and Mr. Graham in that of Mr. Cooper, at' 
Markree, in the county of Sligo, in Ireland. 	It appears, there-
fore, that of these twenty-three members of the solar system the 
scientific world owes no less than fourteen to amateur astro-
nomers, and observatories erected and maintained by private 
individuals, totally unconnected with any national or public 
establishments, and receiving no aid or support from the state. 
Mr. Hind has obtained for himself the honourable distinction 
which must attach to the discoverer of eight of these bodies. 
Five are due to M. de Gasparis, assistant astronomer at the 
Royal Observatory at Naples. 

M. Hermann Goldschmit is an historical painter, a native of 
Franefort on the Maine, but resident for the last eighteen years 
in Paris. 	He discovered the planet with a small ordinary teles-
cope, placed in the balcony of his apartment, No. 12. rue de 
Seine, in the Faubourg St. Germain. 	 .  

2727. Their remarkable accordance with Dr. Olbers' hypo-
thesis. —The orbits of several of those observed in 1852 have 
not yet been calculated, but all those which have been com-
puted are comprised between the mean distances 2.2 and 3.2, 
that to the earth being 1.0. 	The magnitudes of all of these 
bodies, with one or two exceptions, are too minute to be ascer-
tained by any means of measurement hitherto discovered, and 
may be inferred with great probability not to exceed 100 miles 
in diameter. 	The largest of the group is probably less than 
500 miles in diameter. 	It cannot fail, therefore, to be observed 
in how remarkable a manner they conform to the conditions 
involved in the hypothesis of Dr. Olbers. 

2728. Force of gravity on the planetoids. —From the minute-
ness of their masses, the force of gravity on the surfaces of 
these bodies must be very inconsiderable, and this would.account 
for a much greater altitude of their atmospheres than is ob-
served on the larger planets, since the same volume of air feebly 
attracted would dilate into a volume comparatively enormous. 
Muscular power would be more efficacious on them in the same 
proportion. 	Thus a man might spring upwards sixty or eighty 
perpendicular feet, and return to the ground sustaining no 
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greater shock than would be felt upon the earth in descending 
from the height of two or three feet. 	" On such planets," 
observes Herschel, "giants might exist, and those enormous 
animals which on earth require the buoyant power of water to 
counteract their weight." 

CHAP. XV. 

THE MAJOR PLANETS. 

I. JUPITER. 

2729. Jovian system. —Passing across the wide space which 
lies beyond the range of the three planets which, with the earth, 
revolve as it were under the wing of the sun,—a space which 
was regarded as an anomalous desert in the planetary regions 
until contemporary explorers found there what seem to be the 
ruins of a shattered world,—we arrive at the theatre of other 
and more stupendous cosmical phenomena. 	The succession of 
planets, broken by the absence of one in the place occupied by 
the planetoids, is resumed, and four orbs are found constructed 
upon a comparatively Titanic scale, each attended by a splendid 
system of moons presenting a miniature of the solar system 
itself, and revolving round the common centre of light, heat, and 
attraction, at distances which almost confound the imagination. 

2730. Period.— The synodic period of Jupiter is ascertained 
by observation to be 398 days. 	Hence to obtain its periodic 
time r, we have (2589) 

1 = 	1 	1 	1  — ..._. 	--- 
P 	365.25 	398 	4332.6 

The period is therefore 4332.6 days, or 11.86 years. 
2731. Heliocentric and Synodic motions.—The daily angular 

heliocentric motion of Jupiter is therefore 

360° — 0°.083 = 5'. 
4333 

The mean angle gained daily by the earth,or sun upon Jupiter, 
is therefore 

0°•9856.— 0°083 = 0°•9026 = 54'.156. 
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2732. Distance.—The distance of Jupiter from the sun may 
be computed by means of the Harmonic Law (2621), the period 
being known. 	This method gives 

(11.83)2  = (5.2028)3. 
The mean distance of Jupiter from the sun is therefore 51. times 
that of the earth, and since the earth's mean distance is 95 mil-
lions of miles, that of Jupiter must be 494 millions of miles. 

The eccentricity of Jupiter's orbit being 0.048, this distance 
is liable to variation, being augmented in aphelion and dimi- 
nished in perihelion by 24 millions of miles. 	The greatest dis- 
tance of the planet from the sun is therefore 518, and the least 
470, millions of miles. 

The small eccentricity of the orbit of this planet, combined 
with its small inclination to the plane of the ecliptic, is of great 
importance in its effect in limiting the disturbances consequent 
upon its mass, which, as will hereafter appear, is greater than 
the aggregate of the masses of all the other planets primary and 
secondary taken together. If the orbit of Jupiter had an eccen-
tricity and inclination as considerable as those of the planet 
Juno, the perturbations produced by his mass upon the motions 
of the other bodies of the system, would be twenty-seven times 
greater than they are with its present small eccentricity and 
inclination. 

2733. Relative scale of the orbits of Jupiter and the Earth. — 
The relative magnitudes of the distances of Jupiter and the 
earth from the sun, and the apparent magnitude of the orbit of 
the earth as seen from Jupiter, are represented in fig. 752., 
where the planet is at J2  the sun at s, and the orbit of the earth 
E EIE"fe. 

The direction of the orbital motions being represented by 
the arrows, it will be evident that when the earth is at E the 
planet is in opposition, at E" in conjunction, at E' in quadrature 
west, and at a" in quadrature east of the sun. 

2734. Annual parallax of Jupiter. —To determine the angle 
SJEc which the semi-diameter of the earth's orbit subtends 
at Jupiter, or the annual parallax of the planet, it may be 
assumed without material inexactness that SE' is nearly equal 
to an arc described with J as centre, and B J as radius, and con- 
sequently (2294) 	- . 

8 J Ef  = 
5r 3

= 11°. 
' 	 5.2 
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The annual parallax of Jupiter is therefore 11°, and conse-
quently the orbit of the earth subtends at the planet an angle 
of 22°. 

2735. Variation of distance from the earth.—Since the 
greatest and least distances JEN  and JE of Jupiter from the' 
earth are the sum and difference of the distances of the planet 
and earth from the sun, we shall have 

Jew= 494 + 95 --= 589 millions of miles. 
JE =494-95=399 millions of miles. 
41E1  = ,i (4942- 951)=485 millions of miles. 

The extreme distances of the planet are therefore in the ratio 
of 6 to 5 nearly. 

By the ellipticity of the earth's orbit, the distances at opposi-
tion and conjunction may be increased or diminished by Li mil-
lion of miles, and by that of the planet's orbit by 24 millions of 
miles. 	From both causes combined they may vary from their 
mean values more or less by 251 millions of miles. 

2736. Its prodigious orbital velocity.—The velocities with 
which the planets move through space in their circumsolar 
courses are on the same prodigious scale as their distances and 
magnitudes. It is impossible, by the mere numerical expression 
of these enormous magnitudes and motions, to acquire any tole- 
rably clear or distinct notion of them. 	A cannon ball moving 
at the rate of 500 miles an hour, would take nearly a century 
to come from Jupiter to the earth, even when the planet is 
nearest to us, and a steam-engine moving on a railway at 50 
miles an hour would take nine centuries to perform the same 
trip. 

Taking the diameter of Jupiter's orbit at 1000 millions of 
miles, its circumference is above 3000 millions of miles, which 
it moves over in 4333 days. 	The distance it travels is, there-
fore, 700,000 miles per day, 30,000 per hour, 500 per minute, 
and 81 per second, —a speed sixty times greater than that of a 
cannon ball. 

2737. Intervals between opposition, conjunction, and qua-
drature.—If the distance of the planet from the sun bore an 
indefinitely great ratio to that of the earth, the quadratures 
would divide the semi-synodic period into parts precisely equal, 
for in that case J E' and J E" would be practically parallel, and 
the bent line E' S E'' would become straight, and would be a 

   
  



THE MAJOR PLANETS. 	 333 

diameter of the earth's orbit. 	Although this is not the case, 
the angle formed by s E' and S E" being less than 180* by the 
magnitude of the angle E' S E" only, the intervals into which 
the semi-synodic period is divided are not very unequal. 

We shall have the angle E' S E" = 180° — 22° =158°, and it 
is evident that the time of gaining this angle will bear the same 
proportion to the synodic period which the angle itself bears to 
360°. 	Hence, it follows, that if t express the interval from the 
quadrature west to the quadrature east, and t' the interval from 
the quadrature east to the quadrature west, we shall have 

158 t= 360  x 398 =1743 days 

202 (= — 360 x 398 = 2231 days. 

It follows, therefore, that the 	interval between opposition 
and quadrature is 8'7/ days, and the interval between con-
junction and quadrature is 111/ days. 

These are mean values of the intervals which are subject to 
variation owing to the eccentricities of the orbits of the eartli 
and planet. 

2738. Jupiter has no sensible phases. —The mere inspection 
of the diagram, fig. 748., will show that this planet 'cannot be 
sensibly gibbous in any position. 	The position in which the 
enlightened hemisphere is in view most obliquely is when the 
earth is at E' or E", and the planet consequently in quadrature, 
and even then the centre of the visible hemisphere is only 
11° distant from the centre of the enlightened hemisphere 
(2734). 

2739. Appearance in the firmament at night.— Since ber 
tween quadrature and opposition 	the 	planet is above the 
horizon during the greater part of the night, and appears with 
a full phase, it is thus favourably placed for observation during 
6 months in 13 months. 

2740. Stations and retrogression. — From a comparison of 
the orbital motions and distance of Jupiter and the earth it 
appears that the planet is stationary at about two months 
before and two months after opposition ; and since the earth 
gains upon the planet at the daily rate of, 0°.907, the angle it 
gains in two months must be 

V.907 x 61 = 54°.43. 
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The angular distance of the points of station from opposition, 
as seen from the sun, is therefore about 54°, which corresponds 
to an elongation of 114°. 

The planet is therefore stationary at about 66° on each side 
of its opposition. 

Its arc of retrogression is a little less than 10°, and the time 
of describing it varies from 117 to 123 days. 

2741. Apparent and real diameters. —The apparent diameter 
of Jupiter when in opposition varies from 42" to 48", according 
to the relative positions of the planet and the earth in their 
elliptic orbits. 	At its mean opposition distance from the earth 
its apparent magnitude is 45". 	In conjunction the mean ap- 
parent diameter is 30", its value at the mean distance from the 
earth being 37r. 

At the distance of 399 millions of miles the linear value of 
1" is 

399000000 
206265 	— 1934 miles, 

and consequently, the planet's diameter n'• will be 
n'= 1934 x 45 = 87030 miles. 

According to. more accurate methods, the mean diameter is 
ascertained to be 88640 miles. 	The diameter of Jupiter is 
therefore 1P18 times that of the earth. 

2742. Jupiter a conspicuous object in Me firmament—rela-
tive splendour of Jupiter and Mars. — Although the apparent 
magnitude of Jupiter is less than that of Venus, the former is 
a more conspicuous and more easily observable object, inas-
much as when in opposition it is in the meridian at midnight, 
and when its opposition takes place in winter it passes the 
meridian at an altitude nearly equal to that which the sun has 
at the summer solstice. 	By reason, therefore, of this circum- 
stance, and the complete absence of all solar light, the splendour 
of the planet is very great, whereas Venus, even at the greatest 
elongation, descends near the horizon before the entire cessation 
of twilight. 

The apparent splendour of a planet depends conjointly on 
the apparent area of its disk, and the intensity of the illumi- 
nation of its surface. 	The area of the disk is proportional to 
the square of its apparent diameter, and the illumination of the 
surface depends conjointly on the intensity of the sun's light at 
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the planet, and the reflecting power of the surface. 	On com- 
paring Mars with Jupiter, we find the apparent splendour of 
the latter planet much greater than it ought to be, as compared 
with the former, if the reflecting power of these surfaces were 
the same, and are consequently compelled to conclude that the 
surface of Mars is endowed with some physical quality, in 
virtue of which it absorbs much more of the solar light incident 
upon it than that of Jupiter does. 	When the apparent diameter 
of the latter •is twice that of the former, its apparent area is 
fourfold that of the former. 	But the intensity of the solar light 
at Jupiter is at the same time about thirteen times less than at 
Afars ; and if the- reflective power of the surfaces were equal, 
the apparent splendour of Mars would be more than three times 
that of Jupiter. 	The reflective power must, therefore, be less 
in a sufficient proportion to explain the inferior splendour of 
Mars, unless, indeed, the very improbable supposition be ad-
mitted that there may be a source of light in Jupiter inde-
pendent of solar illumination. 

2743. Surface and volume. —If a and v be the surface and 
volume of the earth; s' and v' being those of Jupiter, we shall 
have 	s'= 125 x s 	v/  = 13974 x v. 
The surface of Jupiter is therefore above 125 times, and its 
tolume about 1400 times, those of the earth. 

To produce a globe such as that of Jupiter it would be 
necessary to mould into a single globe 1400 globes like that of 
the earth. 

The relative magnitudes of the globes of Jupiter and the 
earth are represented inAg. 753. by J and E. 
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2744. Solar light and heat.—The mean distance of Jupiter 
from the sun being 5.2 times that of the earth, the apparent 
diameter of the sun to the inhabitants of that planet will be 
less than its apparent diameter at the earth in the proportion 
of 5.2 to I. 	The relative apparent magnitudes of the disk of 
the sun at Jupiter and at the earth are represented in fig. 754. 
at E and J. 

, 	4  

. 	. 
Fig. 754. 

The density of solar radiation being in the exact proportion 
of the apparent superficial magnitudes of the disks, the illu-
minating and heating powers of the sun will, ceteris paribu1, 
be less in the same proportion at Jupiter than at the earth. 

As - has been already observed, however, this diminished 
power as well of illumination as of warmth, may be compensated 
by other physical provisions. 

2745. Rotation and direction of the axis.—Although the 
lineaments of light and shade on Jupiter's disk are generally 
subject to variations, which prove them to be, for the most part, 
atmospheric, nevertheless permanent marks have been occa- 
sionally seen, by means of which the diurnal rotation and the 
direction of the axis have been ascertained within very minute 
limits of error. 	The earlier observers, whose instruments were 
imperfect, and observations consequently inaccurate compara- 
tively with those of more recent date, ascertained nevertheless 
the period of rotation with a degree of approximation to the 
results of the most elaborate observations of the present day, 
which is truly surprising, as may appear by the following 
statement of the estimates of various astronomers :— 
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H. 	H. 	S. 

Cassini (1665) - 	- 	- 	- 	- 	9 	56 
Silvabelle 	- 	- 	- 	- 	- 	9 	56 
Schroter (1786) 	- 	- 	- 	- 	9 	55 	33 
Airy 	- 	- 	- 	- 	- 	- 	9 	55 	24'6 
Midler (1835) - 	- 	- 	- 	9 	55 	26.56 

The estimate of Professor Airy is based upon a set of obser- 
vations made at the Cambridge Observatory. 	That of Mkdler 
is founded upon a series of observations, commencing on the 
3rd of November, 1834, and continued upon every clear night 
until April, 1835, during which interval the planet made 400 
revolutions. 	These observations were favoured by the presence 
of two remarkable spots near the equator of the planet, which 
retained their position unaltered for several months. 	The pe- 
riod was determined .by observing the moments at which the 
centres of the spots arrived at the middle of the disk. 

The direction of the apparent motion of the spots gave the 
position of the equator, and consequently of the axis, which is 
inclined to the plane of the planet's orbit at an angle of 3° 6'. 

The length of the Jovian day is therefore less than that of 
the terrestrial day in the ratio of 596 to 1440, or 1 to 2.42. 

2746. Jovian years. — Since the period of Jupijir is 4332.6 
terrestrial days, it will consist of 

4332.6 =.- 10484.9 
Jovian days.* 

2747. Seasons.— At the Jovian equinoxes the length of the 
day in terrestrial time must be 4h. 57m. 43.5s. 	Owing to the 
very small obliquity of the plane of the planet's equator to that 
of its orbit, not much exceeding the eighth part of the obliquity 
of the earth's equator, the difference of the extreme length of 
the days at midsummer and midwinter, even at high latitudes, 
must necessarily be small. 	Thus at 

H. 	H. 	S. 
Lat. 400. —Longest day 	- 	- 	- 	5 	6 	26 

Shortest day 	 - 	- 	- 	4 	49 	14 
Difference 	- 	 - 	0 	17 	12 

- Lat. 600.— Longest day 	- 	- 	5 	15 	47 
Shortest day 	- 	- 	- 	4 	39 	53 

Difference 	- 	- 	0 	35 	54 
* The day here computed is the sidereal day, which, in the case of the 

superior planets, differs from the mean solar day by a quantity so insignifi-
cant that it may be neglected in such illustrations as these. 

III. 	 Q 
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The diurnal phenomena at midwinter and midsummer on 
the earth in latitudes higher than 64°• are only exhibited on 
Jupiter within a small circle circumscribing the pole at a dis-
tance of 3° 6'. 

The extremes of temperature, so far as they depend on the 
varying distance of the planet from the sun, being in the pro-
portion of the squares of the aphelion and perihelion distances, 
are as 

5182 	: 	4702  :: 	5 	: 	6 nearly. 

It appears, therefore, that except in the near neighbourhood 
of the poles the vicissitudes of temperature and season to which 
the surface of this planet is exposed, whether arising from the 
obliquity of its axis or the eccentricity of its orbit, are confined 
within extremely narrow limits. 

2748. Telescopic appearance of Jupiter. — Of all the bodies 
of the system, the moon perhaps alone excepted, Jupiter pre-
sents to the telescopic observer the most magnificent spectacle. 
Notwithstanding its vast distance, such is its stupendous magni-
tude that it is seen under a visual angle nearly twice that of 
Mars. 	A telescope of a given power, therefore, shows it with 
an apparent disk four times greater. It has, consequently, been 
submitted to examination by the most eminent observers, and 
its appearances described with great minuteness of detail. The 
apparent diameter in opposition (when it is on the meridian at 
midnight) is about the fortieth part of that of the moon, and, 
therefore, a telescope with the very moderate magnifying power 
of forty, presents it to the observer with a disk equal to that 
with which the full moon is seen with the naked eye. 

2749. Magnifying powers necessary to show the features of 
the dish. — A power of four or five is sufficient to enable the 
observer to see the planet with a sensible disk ; a power of 
thirty shows the more prominent belts and the oval form of the 
disk produced by the oblateness of the spheroid ; a power of 
forty shows it with a disk as large as that which the full moon 
presents to the naked eye; but to be enabled to observe the 
finer streaks which prevail at greater distances from the planet's 
equator, it is not only necessary to see the planet under favour- 

, able circumstances of position and atmosphere, but to be aided 
by a well-defining telescope with magnifying powers varying , 
from 200 to 300. 
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2750. Belts — their arrangement and appearance. — The 
planet, when thus viewed, appears to exhibit a disk, the ground 
of which is a light yellowish colour, brightest near its equator, 
and melting gradually into a leaden-coloured gray towards the 
poles, still retaining, nevertheless, somewhat of its yellowish 
hue. 	Upon this ground are seen a series of brownish-gray 
streaks, resembling in their form and arrangement the streaks of 
clouds which are often observed in the sky on a fine calm 
evening after sunset. 	The general direction of these streaks is 
parallel to the equator of the planet, though sometimes a de- 
parture from strict parallelism is observable. 	They are not all 
equally conspicuous or distinctly defined. 	Two are generally 
strikingly observable, being extended north and south of the 
planet's equator, separated by a bright yellow zone, being a.part 
of the general ground of the disk. 	These principal streaks 
commonly extend around the globe of the planet, being visible 
without much change of form during an entire revolution of 
Jupiter. 	This, however, is not always the case, for it has hap- 
pened, though rarely, that one of these streaks, at a certain 
point, was broken sharply off so as to present to the observer, 
an extremity so well defined and unvarying for a considerable 
time as to supply the means of ascertaining, with a,very close 
approximation, the time of the planet's rotation. 	The borders 
of these principal streaks are sometimes sharp and even, but, 
sometimes (those especially which are further from the equator), 
rugged and uneven, throwing out arms and offshoots. 

2751. chose near the poles more faint. — On the parts of 
the disk more remote from the equator, the streaks are much 
snore faint, narrower, and less regular in their parallelism, and 
can seldom be distinctly seen, except by practised observers, with 
good telescopes. 	With these, however, what appears near the 
poles, in instruments of inferior power, as a dim shading of a 
yellowish gray hue, is resolved into a system of fine parallel 
streaks in close juxtaposition, which becoming closer in ap-
proaching the pole, finally coalesce. 

2752. Disappear near the limb.— In general, all the streaks 
become less and less distinct towards either the eastern or 
western limb, disappearing altogether at the limb itself. 

2753. Belts not zenographical features, but atmospheric. 
— Although these streaks have infinitely greater permanency 
than the arrangements of the clouds of our atmosphere, and are, 
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as we have seen, even more permanent than is necessary for the 
exact determination of the planet's rotation, they are neverthe-
less entirely destitute of that permanence which would charac- 
terise Zenographic features, such as are observed, 	for ex- 
ample, on Mars. 	The streaks, on the contrary, are subject to 
slow but evident variations, so that after the lapse of some 
months the appearance of the diA is totally changed. 

2754. Telescopic drawings of Jupiter by Midler and trer- 
schel. — These general 	observations on the appearance of 
Jupiter's disk will be rendered more clearly intelligible by re-
ference to the telescopic drawings of the planet given in plate 
X. 	In fig. 1. is given a telescopic view of the disk by Sir 
John Herschel, as it appeared in the 20-feet reflector at Slough 
on the 23rd Sept. 1832. 	The other views were made by 
M. Miidler from observations taken in 1835, and 1836, at the 
dates indicated on the plate. 

2755. Observations and conclusions of Midler.— The two 
black spots represented in figs. 2, 3, and 4, were those by which 
the time of rotation was determined (2745.). 	They were first 
observed by Miidler, on the 3rd of Nov. 1834. 	The effect of the 
rotation on these spots was so apparent that their change of posi-
tion with relation to the centre of the disk, in the short interval 
of five minutes, was quite perceivable. A third spot, much more 
faint than these, was visible at the same time, the distances 
separating the spots being about 24° of the planet's surface. 	It 
was estimated that the diameter of each of the two spots repre-
sented in the diagrams was 3680 miles, and the distance between 
them was sometimes observed to increase at the rate of half a 
degree, or 330 miles, in a month. 	The two spots continued to 
be distinctly visible from the 3rd of November, 1834, when they 
were first observed, until the 18th of April, 1835 ; but during 
this interval the streak on which they were placed, had entirely 
disappeared. It became gradually fainter in January (see fig. 4.), 
and entirely vanished in February; the spots, however, retain• 
ing all their distinctness. 	The planet, after April passing 
towards conjunction, was lost in the light of the sun ; and when 
it reappeared in August, after conjunction, the spots had alto-
gether vanished.  

The observations being continued, the drawings, figs. 5. and 6., 
were made from observations, on the 16th and 17th of January, 
1836, when the entire aspect of the disk.was changed. The two 
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figures 5. and 6. represent opposite hemispheres of the planet. 
The former presents a striking resemblance to the principal belts 
in the drawing of Sir J. Herschel, fig. 1. 

It was remarked that the two spots, when carried round by 
the rotation, became invisible at 55° to 57° from the centre of 
the disk. 	This is an effect which would be produced if the 
spots were openings in the' mass of clouds floating in the at-
mosphere of the planet, and would be explicable in the same 
manner as is the disappearance of spots on the sun in approach-
ing the edges of the disk. A proper motion with a slow velocity, 
and in a direction contrary to the rotation of the planet, was 
observed to affect the spots, and this motion continued with 
greater uniformity in March and April, after the disappearance 
of the belt. 

It was calculated that the velocity of their proper motion over 
the surface of the planet, was at the rate of from three to four 
miles an hour. 

Although the two black spots were not observed by Miidler 
until the first days of November, they had been previously seen 
and examined by Schwabe, who observed them to undergo 
several curious changes, in one of which one of them disap-
peared for a certain interval, its place being occupied by a mass 
of fine dots. 	It soon, however, reappeared as before. 

From all these circumstances, and many others developed in 
the course of his extensive and long-continued observations, 
Mhdler considers it highly probable, if not absolutely certain, 
that the atmosphere of Jupiter is continually charged.with vast 
masses of clouds which completely conceal his surface ; that 
these clouds have a permanence of form, position, and arrange-
ment to which there is nothing analogous in the atmosphere of 
the earth, and that such permanence may in some degree be 
explained by the great length and very small variation of the 
seasons. 	He thinks it probable that the inhabitants of places in 
latitudes above• 40° never behold the firmament, and those in 
lower latitudes only on rare occasions. 

To these inferences it may be added that the probable cause 
assigned for the distribution of the masses of clouds in streaks 
parallel to the equator, is the prevalence of atmospheric currents 
analogous to the trades, and arising frqm a like cause, but 
marked by a constancy, intensity, and regularity exceeding 
those which prevail on the earth, inasmuch as the diurnal 
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motion of the surface of Jupiter is more rapid than that of the 
earth in the combined proportion of the velocity of the diurnal 
rotation and the magnitude of the circumference, that is, as 27 
to 1 nearly. 

It is also probable that the bright yellowish general ground 
of Jupiter's disk consists of clouds, which reflect light much.  
more strongly than the most dense masses which are seen illu-
minated by the sun in our atmosphere; and that the darker 
streaks and spots observed upon the disk are portions of the 
atmosphere, either free from clouds and through which the sur-
face of the planet is visible more or less distinctly, or clouds of 
less density and less reflecting power than those which float 
over the general atmosphere and form the ground on which the 
belts and spots are seen. 

That the atmosphere has not any very extraordinary height 
above the surface of the planet, is proved by the sharply defined 
edge of the disk. 	If its height bore any considerable proportion 
to the diameter of the planet, the light towards the edges of the 
disk would become gradually fainter, and the edges would be 
nebulous and ill-defined. 	The reverse is the case. 	• 

2756. Spheroidal form of the planet.— The disk of Jupiter, 
seen with magnifying powers as low as 30, is evidently oval, 
the lesser axis of the ellipse coinciding with the axis of rotation, 
and being perpendicular to the general direction of the belts. 
This fact supplies a striking confirmation of the results attained 
in the measurement of the curvature of the earth ; and, as in the 
case of the earth, the degree of oblateness of Jupiter is found to 
be that which would be produced upon a globe of the same mag-
nitude, having a rotation such as the planet is observed to have. 

At the mean distance from the earth, the apparent diameters 
of the disk are ascertained by exact micrometric measures to be— 

Miles. 
Equatorial Diameter - 	- 	- 	. 	38•4".-- 92,080 
Polar Diameter 	 - 	- 	35.6"85,210 

Mean Diameter 	- 	- 	=88,645 

The polar diameter is therefore less than the equatorial, in the 
ratio of 356 to 384 or 100 to 108 nearly. 	Other estimates give 
the ratio as 100 to 106. 

2757. Jupiter's satellites. —When Galileo directed the first 
telescope to the examination of Jupiter, 	he observed four.  
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minute stars, which appeared in the line of the equator of the 
planet. 	He took these at first to be fixed stars, but was soon 
undeceived. 	He saw them alternately approach to, and recede 
from the planet, observed them pass behind it and before it ; 
and oscillate, as it were, to the right and the left of it, to certain 
limited and equal distances. 	He soon arrived at the obvious 
conclusion that these objects were not fixed stars, but that 
they were bodies which revolved round Jupiter in orbits, at 
limited distances, and that each successive body included the 
orbit of the others within it ; in short, that they formed a 
miniature of the solar system, in which, however, Jupiter him- 
self played the• part of the sun. 	As the telescope improved, it 
became apparent that these bodies were small globes, related to 
Jupiter in the same manner exactly as the moon is related to 
the earth ; that, in fine, they were a system of four moons, 
accompanying Jupiter round the sun. 

2758. Rapid change and great variety of phases. — But 
connected with these appendages there is perhaps nothing more 
remarkable than the period of their revolutions. 	That moon 
which is nearest to Jupiter, completes its revolution in forty-two 
hours. 	In that brief space of time it goes through all its various 
phases; it is a thin crescent, halved, gibbous, and full. 	It must 
be remembered, however, that the day of Jupiter, instead of 
being twenty-four hours, is less than ten hours. 	This moon, 
therefore, has a month equal to a little more than four Jovian 
days. In each day it passes through one complete quarter; thus, 
on the first day of the month it passes from the thinnest crescent 
to the half moon; on the second, from the half moon to the full 
moon ; on the third, from the full moon to the last quarter ; and 
on the fourth returns to conjunction with the sun. 	So rapid 
are these changes that they must be actually visible as they 
proceed. 

The apparent motion of this satellite in the firmament of 
Jupiter is at the rate of more than 8° per hour, and is the same 
as if our moon were to move over a space equal to her own 
apparent diameter, in rather less than four minutes. 	Such an 
object would serve the purpose of the hand of a stupendous 
celestial clock. 

The second satellite completes its revolution in about eighty- 
five terrestrial hours, or about eight and a half Jovian days. 	It 
passes, therefore, from quarter to quarter in twenty-one hours, 
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or about two Jovian days, its apparent motion in the firmament 
being at the rate of about 4.25°  per hour, which is as if our 
moon were to move over a space equal to nine times its own 
diameter per hour, or over its own diameter in less than seven 
minutes. 	 , 

The movements and changes of phase of the other two moons 
are not so rapid. 	The third passes through its phases in about 
170 hours, or seventeen Jovian days, and its apparent motion 
is at the rate of about 1°  per hour. 	The fourth and last com-
pletes its changes in 400 hours, or forty Jovian days, and its 
apparent motion is at the rate of little less than 1° per hour, 
being double the apparent motion of our moon. 

Thus the inhabitants of Jupiter have four different months 
of four, eight, seventeen, and forty Jovian days, respectively. 

2759. Elongation of the satellites.—The appearance which 
the satellites of Jupiter present when viewed with a telescope 
of moderate power, is that of minute stars ranged in the direc-
tion of a line drawn through the centre of the planet's disk 
nearly parallel to the direction of the belts, and therefore coin-
ciding with that of the planet's equator. The distances,to which 
they depart on the one side or the other of the planet, are so 
limited that the whole system is included within the field of 
any telescope whose magnifying power is not considerable; and 
their elongations from the centre of the planet can therefore 
be measured with great precision by means of the wire micro-
meters. 

When the apparent diameter of the planet in opposition is 
45", the greatest elongations of the satellites from the centre of 
the planet's disc are as follow : — 

I. 	• 	 - 	- 	135" 
IL 	- 	 - 	- 	215" 

III. - 	 - 	- 	346" 
IV. - 	 - 	- 	585" 

It follows, therefore, that the entire system is comprised within 
a visual area of about 1200" in extent, being two-thirds of the 
apparent diameter of the moon. 	If, therefore, we conceive the 
moon's disk to be centrically superposed on that of Jupiter, not 
only would all the satellites be covered by it, but that which 
elongates itself most from the planet would not approach nearer 
to the moon's edge than one-sixth of its apparent diameter. 

If all the satellites were at the same time at their greatest 
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' elongations, they would, relatively to the apparent diameter of 
the planet, present the appearance represented in fig. 755. 

....A.., . -IA roc 	AP,' 	fi'f.4, 

Fig. 755. 

2760. Distances from Jupiter.—The actual distances of the 
satellites from the centre of the planet may be immediately in- 
ferred, from a comparison of their greatest elongations with the 
apparent semi-diameter of the planet. 	Since, in the case above 
supposed, the apparent semi-diameter of the planet is 22.5", the 
distances will be found expressed with reference to the semi- 
diameter as the unit, by dividing the greatest elongations ex- 
pressed in seconds by 22-5. 	This gives for the distances :— 

L 	- 	- 	- 	135  = 611 22'5 
215 IL 	- 	- 	

- 	-2-2'5=  --. 
III. - 	- 	- 	346  =15'4. 

22.5 
 

58 IV. - 	- 	- 	22
5 
'5=26. 

Relatively to the magnitude of the planet, therefore, the sa- 
tellites revolve much closer to it than the moon does to the 
earth. 	The distance of the moon is nearly 60 semi-diameters of 
the earth, while the distance of the most remote of Jupiter's 
moons is not more than 26 semi-diameters, and that of the 
nearest only six, from his centre. 

Owing, however, to the greater dimensions of Jupiter, the 
actual distances of the satellites, expressed in miles, are (except 
that of the first) greater than the distance of the moon from 
the earth. 

2761. Harmonic law observed in the Jovian system. —That 
the same law of gravitation which reigns throughout the ma- 
terial universe, prevails in this system, is rendered manifest by 
the accordance of the motions and distances of the satellites 
with the harmonic law. 	In the following table numerical rela- 
tions establishing this are exhibited : — 

il 3 
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D P D3  P' pa  D9 
1. - II. III. :IV. 

e0 9.6 1e4 27'0 

43 8.5 172 400 

216 883 3652 19,683 

1849 7225 29.584 160,000 

8•6 8 2 e1 81 	e 

The want of exact equality in the numbers in the last column, 
by which the ratio of the squares of the periods to the cubes of 
the distances are expressed, is to be ascribed partly to using 
round numbers only, and partly to the effects of the mutual 
disturbances produced by the satellites upon each other and by 
the spheroidal form of the planet itself. 

2762. Singular relation between the motions of the first three 
satellites.— On comparing the periods of the first three satel-
lites, it is evident that they are in the ratio of the numbers 1, 
2, and 4. 	For we have- 

43 : 86 : 171 : : I : 2 : 4. 

Since the mean angular velocities, or, what is the same, the 
mean apparent motions as seen from Jupiter, are found by 
dividing 360° by the periodic times, it follows that these 
motions for the three satellites are in the inverse ratio of 1, 
2, and 4, that is, as 1, *, and 1; and, therefore, that the mean 
apparent motion of the second satellite is half, and that of the 
third one-fourth of the mean apparent motion of the first. 
• It follows, also, that if twice the mean motion of the third be 
added to the mean motion of the first, the sum will be three 
times the mean motion of the second. 	This will be rendered 
evident by expressing these motions by general symbols. 	Let 
nil, m", and m"/ express the mean hourly apparent motions. 
We shall have— 

m = 4- m' 	 mit/ = i  ne ; 

and consequently 
m'- 2 mm = m'+ 4- m'= 4 nil =3 net. 

2763. Corresponding relation between their mean longitudes. 
—The longitudes of satellites are referred to their primaries 
as visual centres. 	Thus the mean longitudes of Jupiter's 
satellites are their mean angular distances from the first point 
of Aries as seen from Jupiter. Now, it follows that the relation 
which has been shown to prevail between the mean motions of 

   
  



THE MAJOR PLANETS. 	 347 

the first three satellites, also prevails between their mean longi- 
tudes. 	Let these longitudes at any proposed time be l', 1", 1' " ; 
and after a given interval, during which all the satellites will 
have augmented their longitudes, let them be L', L", L'". 	The 
angles or arcs moved through in the interval will be L'—r, 
0-1", 1"—F"; and since these will represent and be propor-
tional to the mean apparent motions we shall have— 

W-0+ 2 (L"'—l"')=3 (1."— l"); 
from which is inferred- 

3 L"—(L'+2 17)=3 r -(1,+  2 /"'). 

It appears, therefore, that the difference between three times the 
longitude of the second and the sum of the longitude of the 
first and twice that of the third is invariable; but what this 
invariable difference is does not appear from the mere relation 
of the periods. 	A single observation of the positions of the 
three satellites at any proposed moment, is sufficient to ascertain 
this difference; since whatever it may be at any one moment, it 
must always continue to be. 	Now, it may be thus easily ascer- 
tained by observations made at any proposed time, that this 
difference is exactly 180°. 	We shall thus have, as a permanent 
relation between the positions of these three satellites- 

3 L"—(L'+2 11")=180 )̀; 

so that, whenever the positions of any two of them are given, 
the position of the other can be found. 

It follows from this relation, that the three satellites can never 
have at the same time the same phase; for if they had, they 
must necessarily have the same visual direction, and consequently 
the same longitude, which would be incompatible with the 
preceding relation. If two of them have nearly the same phase, 
the third must have a phase differing from it by 180°, 90°, or 
60°, according to the satellites which agree in their phase. 

If the second and third have nearly the same phase, we shall.  
have L"=L"'; and therefore- 

3 L" — e —2 L" = L" — 11=180°. 

The first will have a position, and therefore a phase, in direct 
opposition to the common phase of the second and third. 	If 
one be new, the other will be full, and vice versa. 

Q 6 
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If the first and second have a common phase, we shall have 
L'=L"; and therefore- 

3 if— L' — 2 L"'=.2 (v—L"')=180°. 
L' — L" = 90°. 

The third satellite will therefore be 90° from the common 
direction of the other two, and will therefore have a phase 
different from theirs by 90°. 	If one be full or new, the other 
will be in the quarters, and vice versa. 

In fine, if the first and third have a common phase, we shall 
have L' = L"' ; and, consequently- 

3 L" — 3 L' = 180°, 	L" — L' = 60°. 

The second will therefore have a position 60° different from 
the common direction of the other two, and its phase will differ 
in the same degree from their common phase. 	If one be full, 
the other will be gibbous ; and if one be new, the other will be 
a crescent ; the breadth of the gibbous phase being 120°, and 
that of the crescent 60°. 	 ., 

The student will find no difficulty in tracing the effects of 
this relation in all other phases. 

An attempt has been made to trace the remarkable relation 
between the periods here noticed to the effects of the mutual 
gravitation of the satellites; and Laplace has shown that, if 
such a relation prevailed nearly at any one epoch, the mu-
tual gravitation of the satellites would render it in process of 
time exact. 	There would seem, therefore, to be a tendency 
to such a relation, as a consequence of the general law of gra-
vitation. 

2764. Orbits of satellites. — The orbits of the satellites are 
ellipses of very small ellipticity, inclined to the plane of Jupiter's 
orbit at very small angles, as is made apparent by their motions 
being always very nearly coincident with the plane of the 
planet's equator, which is inclined to that of its orbit at the 
small angle of 3° 5' 30". 

2765. Apparent and real magnitudes. — The satellites, 
although reduced by distance to mere lucid points in ordinary 
telescopes, not only exhibit perceptible disks when observed by 
instruments of sufficient power, but admit of pretty accurate 
measurement. 	At opposition, when the apparent diameter of 
the planet is 45", all the satellites subtend angles exceeding 1", 
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and the third and fourth appear under angles of 1k" and 1-i". 
By observing these apparent diameters with all practicable 
precision, and multiplying them by the linear value of 1", as 
already determined (2741.), their real diameters may be ascer-
tained as follows:— 

Miles. 
L 	- 	- 	- 	1"•194 x 1934=2309. 

IL 	- 	- 	- 	1"070 x 1934= 2069. 
• HL 	- 	- 	- 	1"•747 x 1934=3378. 

IV. 	- 	- 	- 	1"•495 x 1934=2891. 

It appears, therefore, that with the exception of the second, 
which is exactly equal in magnitude to the earth's moon, all the 
others are on a much larger scale; and one of them, the third, 
is greater than the planet Mercury, while the fourth is very 
nearly equal to it. 

2766. Apparent magnitudes as seen from Jupiter.—By com-
paring their real diameters with their distances, the apparent 
diameters of the several satellites, as seen from Jupiter, may be 
easily ascertained. 	By dividing the actual distances of the 
satellites from Jupiter by 206,265, we obtain the linear value 
of r at such distance; and by dividing the actual diaineters of 
the satellites respectively by this value, we obtain, in seconds, 
their apparent diameters as seen from Jupiter. 

In making this calculation, however, it is necessary to take 
into account the magnitude of the semi-diameter of the planet; 
since it is from the surface, and not from the centre, that the 
satellite is viewed. 

It follows, from a calculation made on these principles, that 
the apparent magnitudes of the four satellites, seen from any 
part of the surface not far removed from the equator of the 
planet, are, for the first 35' 30", for the second 19' 30", for the 
third 18' 16", and for the fourth 8' 58". 

The 	first 	satellite, therefore, has an 	apparent diameter 
equal to that of the moon ; the second and third are nearly 
equal and about half that diameter ; and the apparent dia-
meter of the other satellite is about the fourth part of that of 
the moon. 

It may be easily imagined what various and interesting noc-
turnal phenomena are witnessed by the inhabitants of Jupiter, 
'when the various magnitudes of these four moons are combined 
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with the quick succession of their phases, and the rapid ap-
parent motions of the first and second. 

By the relation (2763) between the mean motions of the 
first three satellites, they never can be at the same time on the 
same side of Jupiter; so that whenever any one of them is 
absent from the firmament of the planet at night, one at least 
of the others must be present. The Jovian nights are, therefore, 
always moonlit, except during eclipses (which take place at every 
revolution), and often enlightened at once by three moons of 
different apparent magnitudes and seen under different phases. 

2767. Parallax of the satellites. — Owing to the small pro-
portion which the distances of the satellites bear to the semi-
diameter of the planet, the effects of their parallax as observed 
from the surface of Jupiter, are out of all analogy with any 
phenomena of a like kind upon the earth. 	The nearest body in 
the universe to the earth, the moon, is at the distance of sixty 
semidiameters, and its horizontal parallax is consequently less 
than 10 ; while the most remote of Jupiter's satellites is only 
twenty-seven, and the nearest only six semidiameters from his 
centre. 

By the method explained in 2327, the horizontal parallaxes, 
7r, :7', 72-", ri", of the four satellites, may be determined, and 
are — 

7r-----
-6

=---u•.,°. 	r,=57.3° 57-3° 	n  g 	 —6°. 	7"-57-3°-3-6°. 9.6 	 15.4 
srm......57-3°-2-1°. 

27 

2768. Apparent magnitudes of Jupiter seen from the satel-
lites. — Since the apparent diameter of the planet seen from a 
satellite, is twice its horizontal parallax (2327), it follows that 
the apparent diameter of Jupiter seen from the first satellite is 
19°, from the second 120, from the third 7', and from the fourth 
4-25°. 	The disk of Jupiter, therefore, appears to the first with a 
diameter eighteen times greater, and a surface 320 times grepter 
than that of the full moon. 

2769. Satellites invisible from a circumpolar region of the 
planet. — It is easy to demonstrate in general that an object 
cannot be seen from any part of the surface of a planet, which 
is at a distance from its pole less than the horizontal parallax 
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of the object. Let x P s, fig. 756., be a meridian of the planet, 
N s its axis, o an object at a dis- 

' 	 tance, o c, from its centre. 	Sup- 
. 	 pose pose a line o P drawn from o, 

touching the meridian at P, the 

IF 	
angle P o c will be the horizon- 
tal parallax of o ; and since the 

Fig. 756. 	 angle o P C = 90°, the angles 
PC o and P o 0 taken together are 

90°. 	But since the angle x C o is also 90°, it follows that the 
angle N c P, and, 'therefore, the arc N P which it measures, is 
equal to the horizontal parallai P o C. 

Now, it is evident, that o is not visible from any part of the 
meridian between P and N. 	If, therefore, a parallel of latitude 
be supposed to be described round the pole at a distance from 
it equal to the horizontal parallax of any object, such object 
cannot be seen from any part of circumpolar region included 
within such parallel. 

It follows from this, 	from the values of the horizontal 
parallaxes of the satellites found above (2732), and in fine 
from the fact the satellites move nearly in the plaice of the 
planet's equator, that the first satellite is invisible at all parts 
within a parallel described round the pole at a distance of 9.5°, 
the second at 6°, the third at 3.6°, and the fourth at 21°. 

2770, 	Rotation on their axes.— One of the peculiarities in 
the motion of our moon which distinguishes it in a remarkable 
manner from the planets, is its revolution upon its axis. 	It will 
be remembered, that the planets generally rotate on their axes in 
times somewhat analogous to that of the earth. 	Now, on the 
contrary, the moon revolves on its axis in the same time that it 
takes to revolve round the earth ; in consequence of which ad- 
justment of its motions, it turns the same hemisphere continually 
towards the earth. 

Some observations of Sir William Herschel have rendered it 
probable, that the Jovian moons also revolve on their axes once, 
in the time of their respective revolutions round the planet. 
These observations cannot be repeated without the aid of tele- 
scopes as powerful as those of the elder Herschel, and it may 
be expected that those of Lord Rosse and others may supply 
further evidence on this question. 
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2771. Mass of Jupiter.—The ratio of the mass of Jupiter to 

that of the sun, can be deduced from the motion of any of the 
satellites, by the method explained in (2635). 

If r and P express the distance and period of the planet;  r' 
and I/ those of the satellite, and m and ne the masses of the sun 
and planet, we shall have— 

•-;1  = (r 	P;)
3 

X 	es-') 2  11  
By substituting in this formula the distances and periods for 
each of the four satellites, we shall find the following values 

of 31— At' 
31 	 Et 

II. — = 1130. 	IL —At31'=1123. 	III. mAl-'= 1121. IV.la—' =  095. ' 
The small discrepancy betvleen these values is due chiefly to 

the causes, already explained, for the departure of the harmonic 
law from absolute precision. 

The following are the estimates of the mass of the planet ob-
tained by processes susceptible of greater precision:— 

Laplace 	- 	- 	- 	- 	1070. 
Nicolai 	- 	- 	- 	- 	1054. 
Airy 	- 	- 	- 	- 	1048•69. 
Santini 	- 	- 	- 	- 	1050. 
Bessel 	- 	- 	- 	- 	1046. 

The last three computations were conducted on principles 
such as to secure the greatest attainable precision, and these 
estimates are confirmed by observations on the perturbations 
produced by Jupiter on the smaller planets. 

Since the mass of the sun is about 355,000 times that of the 
earth, while it is only 1050 times that of Jupiter, it follows, 
that the mass of Jupiter exceeds that of the earth in the ratio of 
3550 to 10.50, or 338 to 1. 

The comparatively great mass of Jupiter explains the very 
short periods of his satellites compared with that of the moon. 

At greater distances from Jupiter than that of the moon from 
the earth, they nevertheless revolve in periods much shorter 
than that of the moon, and are affected by centrifugal forces, 
which exceed that of the moon in a ratio which may be deter-
mined by the periods and distances, and which must be resisted 
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by the attraction of a central mass proportionally greater than 
that of the earth. 	It would be easy to show that, if the earth 
were attended by a similar system of moons, at like distances 
from its centre, their periods would be about eighteen times 
greater than those of Jupiter's satellites. 

2772. Their mutual perturbations.— The mutual attractions 
of the masses of the satellites, and the inequality of the attraction 
of the sun upon them, produce an extremely complicated system 
of disturbing actions on their motions, which has nevertheless 
been brought with great success under the dominion of analy- 
sis by Laplace and Lagrange. 	This is especially the case with 
the three inner satellites, whose motions, but for this cause, 
would be sensibly maim. The effect of these disturbing forces 
is nevertheless mitigated and limited by the very small excen- 
tricities and inclinations of the orbits of the satellites. 
. 2773. Density. — The volume of Jupiter being greater than 
that of the earth in the ratio of 1400 to 1, while its mass is 
greater in the inferior ratio of 338 to 1 nearly, it follows, that 
the density of the matter composing the planet, is less than the 
mean density of the earth in the ratio of the above numbers. 
We have, therefore— 

d' 	 338 
0.2415' d ..= 1400 '--- 

Its mean density is, therefore, less than one-fourth of that of 
the earth ; and since the mean density of the earth is 5.67 
times that of water, the density of Jupiter is 1.37 times that of 
water. 

2774. Masses and densities of the satellites. — The masses of 
the satellites are determined by their mutual disturbances, by 
means of the general principle explained in (2637), and the 
densities are deduced as usual from a comparison of these 
masses with their volumes. 	In the following table are given 
the masses as compared with the primary and with the earth; 
and their densities as compared with the earth and with water. 

Mass, that of Jupiter Mass, that of Earth Density, that of Earth Density, that of Water 
=1. =1. =1. ... I. 

I. 
11. 0.0000173 0'130576 0'02016 0.1143 

111. 0.0001232 040'773 0'05015 0.1710 
IV. 0.0000385 0-01947 0.06944 0.3970 0 0000427 001422 0 03025 02225 
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Thus it appears that the density of the matter composing 
these satellites, is much smaller than those of any other bodies 
of the system, whose densities are known. 

It follows, therefore, that the first satellite must be composed 
of matter which is twice as light as cork, the density of which 
is 0.240 ; and that of the third, which consists of the heaviest 
matter, is not more dense than the lightest sort of wood, such, 
for example, as the common poplar, whose density is 0.383 
(787). 

It is remarkable that this extremely small degree of density 
is not found in the earth's satellite, the density of which, though 
less than that of the earth, is still more than twice the density 
of water. 

The planets Mercury and Mars, which are so nearly of the 
same magnitudes as the third and fourth satellites, show, in 
a striking manner, the difference of the matter composing them 
by the great difference of their densities. 	The mean specific 
weight of the materials composing these planets, is nearly the 
same as that of those which compose the earth, while the 
materials of the third satellite are thirteen times, and that of 
the fourth twenty-five times lighter. 

2775. Superficial gravity on Jupiter.—The gravity by which 
bodies placed on the surface of this planet are affected, omitting 
the consideration of the modifying effects of its spheroidal form 
and its rotation, may be computed by means of its mass, and 
its mean semi-diameter by the method already explained. 

Let m' =-- Jupiter's mass, that of the earth being = 1 ; 
r' = Jupiter's mean semi-diameter, that of the earth 

being = 1; 
g' = superficial gravity, that of the earth being = 1 ; 

we shall then have (2647), (2771) — 

m ' 	338 26. g' = -.2 ._ 11.452-- r' 
2776. Centrifugal force at Jupiter's equator. — In the case 

of Jupiter, owing to the great degree of its oblateness and its 
rapid rotation, this force of superficial gravitation is subject to 
much greater variation than on the earth. 	To determine this 
variation, it will be necessary to compute the centrifugal force 
by which bodies placed on the equator of the planet are affected. 
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Let C = centrifugal force related to the terrestrial gravity as 
the unit, 

g = 16.08 feet, 
v = the velocity of Jupiter's equator in feet per second 

due to his rotation, 
we shall then have (313)— 

v2 
— 0 — 2r' x g 

The value of v deduced from the equatorial diameter of the 
planet (2756) and the time of rotation (2747) is 42760; and 

- it follows, therefore, that C = 0.234. 	Deducting this from 
the superficial gravity.undiminished by rotation, already com-
puted (2775), we shall find the effective equatorial superficial 
gravity 

2.616 — 0.234 = 2.382. 
2777. Variation of superficial gravity from equator to pole. 

—The well-known theorem of Clairault, already quoted (2384), 
by which the oblateness, the variation of superficial gravity, 
and the centrifugal force are connected, supplies the means of 
determining this.  

Let e and w, as in 2384, express respectively the fraction 
of its whole length by which the equatorial exceeds the polar 
diameter, and the fraction of its whole weight by which the 
weight of a body and the pole exceeds the weight of the same 
body at the equator, and in fine, let c express the equatorial 
centrifugal force as a fraction of the effective equatorial super- 
ficial gravity. 	By the theorem of Clairault, these three quan- 
tities are related in the manner expressed in the following 
formula:— 

e + w -,-- 2.5 c. 
But from what has been already explained e = 0.08, 

c 	0.234 --, r.-- c = 	 ,... 0.096; g 	2.382 
and consequently w = 0.16. 

From whence it follows that the weights of bodies are increased 
by 16 per cent. when transferred from the pole to the equator. 

A. mass of matter, therefore, which upon the earth's surface 
would weigh 1000 pounds, would weigh, if placed upon Jupi-
ter's equator, 2382 pounds, and if placed at his pole, would 
weigh 2763 pounds. 
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The height through which a body would fall in a second 
would be 16.08 x 2.382 = 38.3 feet at its equator, and 44.4 
at the pole. 

The length of a seconds pendulum varies in the exact ratio of 
the forces of gravity which produce its vibration (542); and 
if the length of the seconds pendulum on the surface of the 
earth be taken in round numbers as 39 inches, that of a seconds 
pendulum at Jupiter's equator would be 39 x 2.382 = 92.91 
inches, and at the poles 107.77 inches. 

2778. Density must increase from the surface to the centre.— 
It is easy to show that the oblateness of Jupiter is incompatible 
with the supposition of his uniform density. 	It was demon- 
strated by Newton that, if the earth's density were uniform, 
its oblateness would be via ; and the same would be true of 
any spheriod of uniform density, revolving on its axis in the 
same time. 	But the oblateness will be increased in the same 
ratio as the square of the time of rotation and as the density 
are diminished. 	If, therefore, It express the time of rotation 
of Jupiter, that of the earth being 1, and d the mean density of 
Jupiter, that of the earth being 1, the oblateness which the 
planet Would have if its density were uniform would be- 

1 	1 	1 
e = 230 	u2  x — x —d  • 

1 
But a _ 2 406 and d = 0.228 ; therefore 

2-4062. 	— 04104. e — 
230 x 0.228 

But the oblateness deduced from observation being only 0.08, it 
follows that the density cannot be uniform. 

It is easy to perceive that, if the density augmented from the 
centre to the surface, the effect of the centrifugal force upon the 
component parts of the mass would have a tendency to render 
the oblateness still greater than it would be with the same mass 
having an uniform density. 	Since, therefore, the actual oblate- 
ness is incompatible either with an uniform density, or with a 
density decreasing from the surface to the centre, it follows 
that the density must increase from the surface to the centre. 

The mean density of the planet being 0.228, it follows, there-
fore, that the mean density of the superficial stratum must be 

   
  



TEE MAJOR PLANETS. 	 357 

less than this, though in what proportion cannot be determined 
by these data. 

If the mean superficial density of Jupiter bear the same pro-
portion to the mean density of its entire mass, as the mean 
superficial density of the earth bears to the mean density of its 
entire mass, it will follow, that the mean superficial density of 
Jupiter will be half its mean density, and will, consequently, be 
0.114 ; and since the mean density of the earth related to that 
of water as the unit, is 5.67, it would follow upon this suppo-
sition, that the actual mean density of the superficial stratum of 
Jupiter would be 0.114 = 5.67 = 0.645. 

Water, which discharges so many important functions in the 
physical economy of the earth, has a specific gravity 2.8 times 
less than the mean specific gravity of the superficial stratum of 
the globe. 	If a like fluid on Jupiter, serving like purposes, be 
similarly related to the mean density of its surface, its specific 
would therefore be- 

0.645 
— 2.8 . — 0 23, 

which would be more than three times lighter than sulphuric 
ether, the lightest known liquid, and nearly equal in levity to 
cork. 

2779. Utility of the Jovian system as an illustration of the 
solar system.—It is not merely as a model on a small scale of the 
solar system, so far as relates to the analogy presented by the 
motions of the satellites round Jupiter to the motion of the planets 
round the sun, and the striking confirmation of the theory of gra-
vitation afforded by the exhibition of the play of Kepler's Laws, 
that the Jovian system is to be regarded with interest by the 
physical astronomer. All the effects of the reciprocal gravitation 
of the planets one upon another, which mathematicians have suc-
ceeded in explaining upon the principles of the theory of gravita-
tion, all the perturbations and inequalities, many of which, in the 
case of the planets, will take thousands of centuries to complete 
their periods and re-commence their course, all these are exhibited 
on a greatly reduced scale in the Jovian system. 	As the central 
mass is reduced in a thousand-fold proportion, and the distances of 
the bodies revolving round it in a still greater ratio, the cycles of 
the perturbations and inequalities are similarly reduced. 	Mil- 
lions of years are reduced to thousands, centuries to months, 
months to days, days to hours. 	Phenomena, the periods of 
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Which would far surpass, not the life of man only, but the 
whole extent of time embraced within human records and tra- I 
ditions, are reproduced and completed in this miniature system, 
within such moderate limits of time as to bring them within the 
scope of actual observation. 	The analyst is thus enabled to see 
practically verified, those conditions of equilibrium and stability, 
which it would take countless ages to develope in the solar 
system. 

IL SATURN. 

2780. Saturnian system.—Beyond the orbit of Jupiter a 
space but little less in width than that which separates that 
planet from the sun is unoccupied. 	At its limit we encounter 
the most 'extraordinary object in the system, — a stupendous 
globe, nearly nine hundred times greater in volume than the 
earth, surrounded by two, at least, and probably by several thin 
flat rings of solid matter, outside which revolve a group pf eight 
moons; this entire system moving with a common motion so 
exactly maintained, that no one part falls upon, overtakes, or is 
overtaken by another, in their course around the sun. 

Such is the SATURNIAN SYSTEM, the central body of which 
was known as a planet to the ancients, the annular appendages 
and satellites being the discovery of modern times. 

2781. Period. —By the usual methods the period of Saturn 
has been ascertained to be 10759.22 days, or 29.48 years. 

2782. Heliocentric motion. — The mean heliocentric motion 
is therefore 

360°  = 12.23°  annually. 
29.48 

= 1.018° monthly. 
= 0.033° = 2' daily. 

2783. Synodic motion. — The apparent mean daily motion 
of the sun being 0.9856°, the mean daily synodic motion, or its 
mean daily increment of elongation, is 

0.9856° — 0.033° = 0.9526° : 
and the synodic period is therefore 

i 	 360 	= 377.9 days. 
0.9526 	 . 
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The interval between the successive oppositions of the planet 
is therefore a year and thirteen days. 

2784. Distance. — The mean distance from the sun may be 
determined by the harmonic law. 	We have 

' (24.48)2  = (9.54)3. 

,I7 	- , 

The distance is therefore 9.54; or 
more exactly 9.5387861, that of 
the earth being = 1.. 

.. 	%, 	,....- „. 	. \ Taking the earth's mean distance i: .4' -  4,),  as 95 millions of miles, that of Sa-
turn will then be 906 millions of 
miles. 

The eccentricity of Saturn's orbit 
being 0.056, this distance is liable 
to variation, being augmented in 
aphelion, and diminished in peri-
helion by a twentieth of its whole 
amount. 	The greatest distance of 
the planet from the sun is there-
fore 950, and the least is 850, mil-
lions of miles. 

2785. Relative scale of orbit and 
distance from the earth. — The 
relative proportion of the orbits of 
Saturn and the earth are repre- 
sented in fig. 757., where E E' E” 
is the earth's orbit, and s s' Saturn's 
distance from the sun. 	The four 
positions of the earth indicated are, 

E 	when the planet is in oppo- 
sition. 

AIM 
libiog , E"' when the planet is in conjunc-

tion. 
E' in quadrature west of the sun. 

' E" in quadrature east of the sun. Fig. 757. 
2786. Annual parallax of Saturn.—Since s s' is 9.54 times 

3  e) we shall have for the angle 8' s Et, 	• 

s 
5 , 	7.30 e E- = 	_  
9.54 — 6°. 

* Q 12 
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The semi-diameter of the earth's orbit therefore subtends nt 
Saturn an angle of only 6°. 	The apparent diameter of a globe, ' 
which would fill the entire orbit of the earth seen from Saturn, 
would, therefore, be no more than 12°, or twenty-four times the 
apparent diameter of the sun as seen from the earth. 

2787. Great scale of the orbital motion:— The distance of 
Saturn from the sun is therefore so enormous, that if the whole' 
earth's orbit, measuring nearly 200 millions of miles in dia-
meter, were filled with a sun, that sun seen from Saturn would 
be only about twenty-four times greater in its apparent dia- 
meter than is the actual sun seen from the earth. 	A cannon 
ball, moving at 500 miles an hour, would take about 200 years, 
and a railway train, moving 50 miles an hour, would take 
about 2000 years to move from Saturn to the sun. 	Light, 
which moves at the rate of nearly 200,000, miles per second, 
takes ] hour 15 minutes to move over the same distance. 	Yet 
to this distance solar gravitation transmits its mandates, and is 
obeyed with the utmost promptitude and the most unerring 
precision. 

Taking the diameter of Saturn's orbit at 1800 millions of 
miles, its circumference is 5650 millions of miles, over which it 
moves in 10,759 days. 	Its daily motion is therefore 525,140 
miles, and its hourly 21,880 miles. 
• 2788. Division of synodic period. — Since the angle El  Sr  S .1_- 

6°, the angle ESE' = 84° and E'S El" = 96°. 	Since the synodic 
period is 378 days, the intervals between 

_ 	 84 
opposition and.  quadrature = 360  x 378 = 88.2. 

96 
conjunction and quadrature = 360  x 378 = 100.8. 

It appears, therefore, that in 88 days after its opposition the 
planet is in its eastern, quadrature, and passes' the meridian 
about 6 in the afternoon. 	After a further intervf 101 days 
it arrives at conjunction : after which it acquires N'il.stern elon-
gation, passing the meridian in the forenoon.; and at 101 days 
from conjunction it attains its western quadrature, passing the 
meridian at about 6 u. m. 	After another interval of 88 day' D 
returns to opposition. 	. 

2789. No phases. — It is evident from what has been e. 
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plained in relation to Jupiter (2738), that neither Saturn nor 
any more distant planet can have sensible phases. 

2790. Variation of the planet's distance from the earth. — 
The distances of Saturn from the earth are therefore 

s'E =906-95=811 	millions of miles in opposition. 
s'am=906 + 95=1001 millions of miles in conjunction. 
s'E' = 	. . . =900•6 millions of miles in quadrature. 

These distances are subject to some variation, owing to the ec- 
centricities of the orbits of Saturn and the earth. 	The amount 
of this variation, arising from the eccentricity of Saturn's orbit, 
is, as has been shown, 100 millions of miles. 	The variation due 
to the earth's orbit is comparatively small, being under two 
millions of miles.  

2791. Stations and retrogression.— From a comparison of 
the orbital motion and varying distance between the earth and 
Saturn, it appears that the stations of the planet take place at 
about 65 days before and after opposition. 	Since the earth 
gains upon the planet at the mean rate of 0.9526° per day, the 
angle at the sun corresponding to 65 days will be , 

0.9526° x 65'= 61.92° ; 

which corresponds to an elongation of 113°. 	The planet is 
therefore stationary at elongation 67° east and west of oppo- 

. sition. 
Its arc of retrogression varies from 6°41' to 6°55'. 
2792. Apparent and real diameter. —This planet appears as 

a star of the first magnitude, with a faint reddish light. 	Its 
apparent brightness, compared with that of Mars, is greater .,. 
than that which is due to their apparent magnitudes and dis-
tances, a circumstance which is explained, as in the case of 
Jupiter, by the more feebly reflective power of the surface of 
Mars. 

The disk is visibly oval, and traversed like that of Jupiter by 
streaks of light and shade parallel to its greater axis ; but these 
belts are much more faint and less pronounced than those of 
Jupiter. 	One principal grey belt, which lies along the greater 
axis of the disk, is almost unchangeable. 

air William Herschel imagined that the disk had the form of 
a 	oblong rectangle, rounded at the corners, the length being 
!I the direction of the belts. 	More recent observations and 

It 
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micrometrical measurements made at Konigsburg, by Professbc 
Bessel, and at Greenwich by Mr. Main, have shown, however, 
the true form to be an ellipse. 	According to these measures 
the apparent magnitude of the greater axis of the disk is 17.053", 
and that of the lesser axis 15-394". 	The observations of Pro- 
fessor Struve, made with the Dorpat instruments, give 17.991 
for the greater axis ; the difference of the two estimates 0.938 
being less than a second. 

At the mean distance of Saturn the linear value of a second is 
906000000 4392-5. 2.06265 	— 

The actual magnitude of the greater axis would therefore be 
4392.5 x 17.053 = 74900 Bessel. 
4392.5 x 17.991 = 79160 Struve. 

The oblateness expressed as a fraction of the greater axis is 
0.097, or a little less than a tenth. 

The lesser axis of the planet therefore, according to, Struve, 
measures 71,100 miles, and the mean diameter 75,000 miles. 

2793. Surface and volume. — Taking the mean diameter of 
the planet as 9.46, that of the earth being 1, the surface will be 
9.462  = 89.5, and the volume 9.462  = 847 times greater than 
those of the earth. 

The relative volumes of Saturn and the earth are represented 
in fig. 758. 

--- 
----- 

1 0 
_ t 

. ''''s  

Fig. 758. 
2794. Diurnal rotation.—From observations on the appa,  

rent motion of spots on the disk of the planet it has been aster' 
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tabled to have a motion of rotation upon the shorter axis of the 
ellipse formed by its disk in 10h. 29m. 173. 	A terrestrial day 
is therefore equal to 2.3 Saturnian days. 

2795. Inclination of the axis to the orbit. — The general 
direction of the motion of rotation has been ascertained to be 
such, that the inclination of the equator of the planet to the 
plane of the orbit is 26° 48' 40", and its inclination to the plane 
of the ecliptic is 28° 10' 47.7". 

The axis, like that of the earth, and those of the other 
planets, whose rotation has been ascertained, is carried parallel 
to itself in the orhital motion of the planet. 

The consequence of this arrangement is that the year of 
Saturn is varied by the same succession of seasons subject to 
the same range of temperature as those which prevail on our .  
globe.  

2796. Saturnian days and nights. 	Year. — The alternation 
of light and darkness is therefore nearly th,p same as upon 
Jupiter. 	This rapid return of day, after an interval of five 
hours night, seems to assume the character of a law among the 
major planets, as the interval of twelve hours certainly does 
among the minor planets. 

The year of Saturn is equal in duration to 10,759 terrestrial 
days, or to 258,192 hours. 	But since a-terrestrial day is equal 
to 2.3 Saturnian days, the number of Saturnian days in the Sa-
turnian year must be 247,457. 

2797. Belts and atmosphere.— Streaks of light and shade, 
parallel in their general direction, to the planet's equator have 
been observed on Saturn similar, in all respects, to the belts of 
Jupiter, and affording like evidence of an atmosphere surround- 
ing the planet, attended with the like system 	of currents 
analogous to the trades. 	Such an inference involves, as in the 
former case, the admission of liquid producing vapour to form 
clouds and other meteorological phenomena. 

2798. Solar light and heat. — The apparent diameter of the 
sun as seen from Saturn is 9.54 times less than as seen from the 
earth; and since its mean apparent diameter, as seen from the 
earth, is 1923", its apparent diameter, as seen from Saturn, 
must be 

1923" 
201'1.57 	3'21'4.57. — 	= 9.54 

The comparative apparent magnitudes are represented in 
u 2 
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fig. 759., 
the earth, 

where x represents the disk of the sun as 
and s as seen from Saturn. 

seen from 

• 

Fig. 759. 	 • 
The intensity of solar light is less in the ratio of 1 to 9.545  

= 91 ; and its optical and calorific influences with this reduced 
intensity are subject to the observations already made in the 
case of Jupiter (2744). 

2799. Rings.—The invention of the telescope having invested 
astronomers with the power of approaching, for optical purposes, 
hundreds of times closer to the objects of their observation, one 
of the earliest results of the exercise of this improved sense was 
the discovery that the disk of Saturn differed in a remarkable 
manner from those of the other planets in not being circular. It 
seemed at first to be a flattened oblong oval, approaching to the 
form of an elongated rectangle, rounded off at the corners. 	As 
the optical powers of the telescope were improved, it assumed 
the appearance of a great central disk, with two smaller disks, 
one at each side of it. 	These lateral disks, in fine, took the ap- 
pearance of handles or ears, like the handles of a vase or jar, 
and they were accordingly called the arms of the disk, a name 
which they still retain. At length, in 1659, Huygens explained 
the true cause of this phenomenon, and showed that the planet 
is surrounded by a ring of opaque solid matter, in the centre of 
which, it is suspended, and that what appear as ansm are those 
parts of the ring which lie beyond the disk of the planet at 
either side, which by projection are reduced to the form of the 
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parts of an ellipse near the extremities of its greater axis, and 
that the open parts of the ansm are produced by the dark sky 
visible through the space between the ring and the planet. 

The improved telescopes and greatly multiplied number, and 
increased zeal and activity of observers, have supplied much 
more definite information as to the form, dimensions, structure, 
and position of this most extraordinary and unexampled ap-. 
pendage. 	 • 

It has been ascertained, that it consists of an annular plate of 
matter, the thickness of which is very inconsiderable compared 
with the superficies. 	It is nearly, but not precisely concentric 
with the planet and in the plane of its equator. 	This is proved 
by the coincidence of the plane of the ring with the general di-
rection of the belts, and with that of the apparent motion of the 
spots by which the diurnal rotation of the planet has been 
ascertained. 

When telescopes of adequate power are directed to the ring 
presented under a favourable aspect, dark streaks are seen upon 
its surface similar to the belts of the planet. 	One of these 
having been observed to have a permanence which seemed in-
compatible with the admission of the same atmospheric cause as 
that which has been assigned to the belts, it was conjectured 
that it arose from a real separation or division of the ring into 
two concentric rings placed one within the other. 	This con- 
jecture was converted into certainty by the discovery, that the 
same dark streak is seen in the same position on both sides of 
the ring. 	It has even been affirmed by some observers that 
stars have been seen in the space between the rings; but this 
requires confirmation, 	It is, however, considered as proved, 
that • the system consists of two concentric rings of unequal 
breadth, one placed outside the other without any mutual 
contact. 

The plane of the rings, being always at right angles to the axis 
of the planet, is, like the axis, carried by the orbital motion of 
the planet parallel to itself, so that during the year of Saturn, 
it undergoes changes of position in relation to the radius vector 
of the planet, or to a line drawn from the sun analogous to those 
which the earth's equator undergoes. 	Since the plane of the 
rings coincides with that of the Saturnian equator, therefore, it 
will be directed to the sun at the epochs Of the Saturnian equi-
noxes ; and, in general, the angle which the radius vector from 

as 
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the sun makes with the plane of the ring, will be the sun's de- 
clination as seen from Saturn. 	This angle, therefore, at the 
Saturnian solstices will be equal to the obliquity of Saturn's 
equator to his orbit, that is, to 26° 48' 40" (2795), and at the 
Saturnian equinoxes will be 0°. 

2800. Position of nodes of ring and inclination to ecliptic.— 
The investigation' of the position of the plane of the ring in 
space was undertaken and conducted with great ability and suc-
cess by Prof. Bessel, by means of an elaborate comparison of all 
the recorded observations on the phases of the ring from 1701 
to 1832. 	'The result proved that the line of intersection of the 
plane .of the 'ring, and, therefore, that of the equator of the 
planet, with the plane of the ecliptic, is parallel to that dia-
meter of the celestial sphere, which connects the two opposite 
points "whose longitudes lire 166° 53' 8.9" and 346° 53' 8.9", 
the former being the longitude of the point at which the rings 
pass from the South to the north of the ecliptic, and which is, 
therefore, the ascending node of the rings. It also resulted from 
This investigation that the angle formed by the plane of the rings, 
and, therefore, of the Saturnian equator with the plane of the 
ecliptic, is 28° 10' 44.7". 	 • 
' 	These longitudes and obliquity were those which corre- 
sponded' to the 1st of January, 1800. 	It was shown that the 
nodes of the ring have a retrograde motion on the ecliptic at the 
mean rate, of 46.462" per annum. 	* 

It resulted from the obserVations of Professor Struve, made 
With the great Dorpat ttfractor, that the obliquity of the plane 
Of the ring to that of the ecliptic is 28°  5' 54", subject to a pos-
sible error of 6' 24". 
' The observations and measurements of these two eminent 
iistronomers are, 'therefore, in • as perfect accordance as the 
degree of perfection to which the instruments of observation 
have been brought admits.  

2801. Obliquity of ring to the planet's orbit. — The position 
of the 'plane of the ring in relation to the ecliptic being thus 
determined, its position in relation to that of Saturn's orbit can 
be ascertained ; and this is the more necessary to be done, inas-
much as considerable discrepancy prevails between the state-
mens of different authorities respecting this element. 1

het A, fig. 760., be the ascending node of Saturn's orbit and 
'A' the ascending node of the ring, A A' being consequently an aro 
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of the ecliptic. Let r r' be the direction of the plane of the ring, 
n' its intersection with the orbit of the planet, of which, there. 

1' 
Ty 

 

Fig. 760. 
fore, An is an arc, and n the point where the plane of the ring 
intersects that of the orbit. 	It has been found that the longi- 
tude of A is 1.11° 56' 374"; and 'since that of A.' is 166°  53' 
8.9", we have AA' = 54° 56' 31.5". 	The angle ns. A', which is 
the obliquity of Saturn's orbit, being 2° 29' 35.7", and the 
angle nA'x, the obliquity of the ring to the orbit being 28° 
10' 44-7", it follows, by formuld of spherical trigonometry, that 
Ant: or the obliquity of the ring to the orbit of the planet, is 
6° 48' 40"; that 'An, or the distance of the intersection of 

the plane of the ring with the plane of the planet's orbit from 
the ascending node of the planet, is 58° 57' 30"; and, in fine, 
the distance n A of the same point from the ascending node of 
the ring is 4° 32' 30". 

2802. Conditions which determine the phases of the ring. — 
The relation between the phases of the ring and the position of 
the planet is easily ascertained. 	Let a be the semidiameter of 
the rings as seen undiminished by projection; let b be the lesser 
semi-axis of the ellipse produced by the projection of the ring ; 
and let D be the angle which the visual ray makes with the 
plane of the ring. 	We shall then have, by the common prin- 
ciples of ,projection, 

b— a X Sin. D. 
. 	 _ 

But since the visual Tay is the line drawn from the. planet to 
the earth, it'is evident that the angle D will be the declination 
Of the earth as seen from the planet. 	Now, if L express the arc 
of the ecliptic between the earth and the ascending node of the 
ring as seen from the planet, and o the obliquity of the plane of 
the ring to the ecliptic, we shall have, by the common principles, 
of trigonometry, 	 .  

Sin n = sin. o x sin. L; 	
• a 4 
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and consequently 

a— m = s. o x sin L. 

But since the distance of the earth from the ascending node 
as seen from the planet is equal to 180°, diminished by the dis-
tance of Saturn from the same point as seen from the earth, x. 
may be taken in the preceding formula to express the latter dis-
tance, the sine being the same. 

If the position of the planet with relation to the ascending 
node of the ring be known, the preceding formula will therefore 
serve to deduce the obliquity from the phase of the ring, ()i-
vies versa. 

Since o t.-- 28° 10' 44.7", we shall have Sin.- o = 0.4722. 
We shall therefore have 

b = 0.4722 x sin. 3r., a  

by which the phases of the ring for any given distance ftom its ,  
node may be computed.  

• In the following table the ratio - 
b 

'of the semi-axis of the el-: 
- 	 .. 	a 

lipse formed by the projection of the ring, and the ratio - 
b 
r  of 

the lesser semi-axis to the semi-diameter of the planet are given 

	

for every 10° from the node, 	 . 
•  

L 100  200  300  400 500  600  700  800  

0465 

• 114 

900  

0172 

115 

b 
a 

b 
,4  r 

0.662 

0183 

0161 

0160 

0 236 

0526 

0103 

0676 

0162 

0106 

0.109 

0911 

0144 

0989 

.. 	. 	 . 	. . 	 . 
' From this table it appears that the lesser.  semi-axis increases 

as the planet moves from the ascending node of the ring until it.  
is 90° from that point, at which its ratio to the major semi-axis 
is that of 472 to 1000, being a little less than half the major 
semi-axis. 	From the numbers given in the third line of the 
table 1it appears that the lesser semi-axis becomes equal to the 
equatorial semidiameter of the planet at about 71° from the' 
ascending node of the ring, and exceeds it by a twentieth of its 

: _ 
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length at 90°. 	But as the polar diameter of the planet is les4 
by a tenth than the equatorial, it follows, that at 90° from the; 
node of the ring the lesser semi-axis exceeds the polar semi- 
diameter of the planet by an eighteenth of its length, 	it 
follows, therefore, that a corresponding breadth of the ring will, 
in this case, be visible above the disk of the planet. 

Since the entire breadth of the rings is three-fourths of the 
semi-diameter of the planet, and since they are reduced one-half 
by foreshortening their apparent breadth measured in the direc- 
tion of the lesser axis of the ellipse at 90° from the node is 
three-eighths of the semidiameter of the planet, ' it follows, 
therefore, that a seventh part of the entire breadth of the rings 
is visible above the disk of the planet at 90° from the node, the 
entire upper segment of the disk being projected upon the ring. 

From 90° to the descending node of the ring the like phases 
are presented in a contrary order ; and while the planet moves 
from the descending to the ascending node a similar series of 
phases are presented ; the position of the plane of the ring with 
relation to the poles of the planet, however, being reversed, that 
which is in one case interposed between the observer and the 
northern hemisphere of the planet will be interpOssed in the 
other cases between him and the southern hemisphere. 

In the diagrams figs. 761-765., the phases of the rings indi- 
cated in the preceding table are exhibited. 

If the thickness of the ring were uniform and sufficiently 
great to subtend a sensible visual angle at Saturn's distance, the 
phase presented to the planet at the nodes of the ring would be 
such as that represented in fig. 761. 	The phases at 1, g, 4, and 
6-7 years, after passing the nodes, are roughly skCtehed in 
figs. 761-765. 

• 

Fig. 761. 

5 5 
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Fig 762. 

.,...„ 
Fig. 763. 	. 

41'4  

Fig. 764.  

Vig. 765. 
ti 

2803. Apparent and real dimensions of the rings. — The 
breadth of the rings as well as of the intervals which separate 
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them from each other and from the planet, have been submitted 
to very precise micrometric observations ; and the results *ob- 
tained by different observers do not differ from each other by a 
fortieth part of the whole quaiitity measured. 	In the following 
table 'are given the results of the micrometric observations of 
Professor Struve, reduced to the mean distance. 

Apparent In Send.. 
Magnitude 
at mean 

characters 
of the 

Nueu  

Distance. Planet. 

Semidlameter of the planet 	- 	- 	- r 8"993 ' I.000 39,580 
Exterior semi-diameter of exterior ring . 	- a 20 041 2.229 88,209 
Interior 	do. 	 do. 	- 	. a' 17.644 'I.961 77.636 
Breadth of exterior ring 	. 	- 	- 	- a—a' 2.403 0'268 10,673 
Exterior tetni.diameter of liderior ring - 	- b 17.237 I.916 78,845 
Interior 	do. 	 do. 	- 	- 6' 13.334 1•492 58,669 
Breadth of Interior ring 	- 	. 	. 	- b —11 3.953 0-431 17,176 
Width of interval between the rings 	- 	- a' —4 0-407 0511$ 1,791 
Width of interval between planet and interior ring b' —r 4-339 0.482 19.089 
Breadth of the double ring, including interval 	- a —6' 6.713 0 747 25,540 

The relative.  dimensions of the two rings, and of the planet 
within them, are represented in fig. 766., projected upon the 

i 
i 

• 
, 	_, 

4--i-r-rr ,--1---r-r- r----;-, rn 5 	13 	15 	20 	25 	20 	35 	40 
Fig. 766. 
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common plane of the rings and the planet's equator. 	Each 
division of the subjoined scale represents 5,000 miles. 

The visual angle subtended at the earth by the extreme dia-
meter of the external ring, when the planet is in opposition, is 
48", which is about one thirty-seventh part of the moon's ap- , 
parent diameter. 

2804. Thickness of the rings. —The thickness of the rings is 
so extremely minute, that the nicest micrometric observations 
have hitherto failed to supply the data necessary to determine 
it with any degree of precision or certainty. 	It is so inconsi- 
derable, that when the plane:of the ring is directed to the earth, 
and, consequently, the edge alone is presented to the eye, it is 
invisible even with telescopes of great power, or, if seen, it is 
so imperfectly defined as to elude all micrometric observation. 
When it was in this position in 1833, Sir J, Herschel observed 
it with a telescope, which would certainly have rendered dis-
tinctly visible a line of light -  one twentieth of a second in 
breadth. 	Since the linear value of 1" at Saturn's mean dis- 
tance is about 4400 miles, it would follow that the thickness is 
less than 220 miles, 	Sir J. Herschel admits, however, that it 
may possibly be so great as 250 miles. - 

The thickness is, therefore, certainly less than the100th part 
of the extreme breadth of the two rings, and, according to the 
scale on which the fig. 752. is drawn, it would be represented 
by the thickness of a leaf of the volume now before the reader, 

2805. Illumination of the ring.—Heliocentric phases. —The 
illumination of the rings is determined by the phases under 
which they would be viewed from the sun, 	There the illumi- 
nating and the visual rays are identical, and their direction is 
that of the radius vector of the planet. 	The angle which this 
line makes with the plane of the Saturnian equator, is the de- 
clination of the sun as, seen from Saturn, 	Let this angle be 
expressed by n', the distance of the same from the Saturnian 
vernal equinoxial point 1.1, and the inclination of the Saturnian 
equator to the orbit o'. 	We shall then, as in the former case, 
have 

Sin D'= sin o' x Sin 11; 

and if 6' express lesser semi-axes of the ellipse to which the 
major is reduced by projection, as seen from the sun, we shall 
have ...1 	 . 
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b _ Sin. O' x sin. Ii. 
a' 

By this formula the ratios of 13' to A and r may be deter-
mined for all values of L', as in the former case. 	In the fol- 
lowing table these are given as they have been computed, for 
0'=26° 48' 40". 

If 10° 20° 30° 40° 50° 60° 70° 80° 90° 

b. — a 
b' 
;. 
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times greater than the apparent diameter of the sun. 	A total 
solar eclipse at the equator of the planet would, therefore, be 
produced by the shadow of the ring, and would continue until 
the sun would gain or lose 44' declination. 

When the planet presents the phase represented in fig.'763., ' 
its enlightened hemisphere would be traversed by the shadow 
represented in fig. 768., and in like manner the shadows pro- 

. Fig. 769. Fig. 770. 
duced under the phases figs. 764, 765, are represented in figs. 
769, 770. 

2807. Shadow projected by the planet on the ring.—The 
shadow projected on the surface of the ring by the globe of the 
planet 'will vary with the sun's declination, as seen from the 
planet, because the angle at which the plane of the ring is in- 
clined to the axis of the shadow of the planet is equal to the 
declination. 

At the equinoxes, the declination being 0°, the plane of the 
ring passes through the axis of the shadow, and the breadth of 
the arc of the ring on which the shadow falls is nearly equal to 
the diameter of the planet, the angle of the cone of the shadow 
not exceeding 3', since it is very nearly equal to the apparent 
diameter of the sun as seen from Saturn. 

If a express the arc of the external edge of the ring on 
which the shadow falls, it is evident that 

Sin. i a=1, 
a 

r expressing, as before, the equatorial semi-diameter of the 
planet, and a the semi-diameter of the outer edge of the ring. 
The values already determined being given to these, we have 

Sin. i• a =10,,000 	0.4486. • 22287 
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evident that, the visual ray of an observer placed on the sun 
coinciding with the luminous ray, none of the shadows pro-
duced by the projection of the ring on the planet or of the 
planet on the ring, could be visible to him, since the object 
producing the shadow would be interposed with geometrical 
precision between his eye and the shadow. 	But if the ob. 
server be transferred to the earth, the visual ray will form an 
angle with the luminous ray, which, though it cannot in any 
case exceed 6°, is sufficient, under certain circumstances of re. 
lative position, to remove the observer from the direction of the 
luminous ray to such an extent as to disclose to him a part, 
though a small part, of the shadow which to an observer at the 
sun is wholly intercepted. 

In this manner, when the planet is in quadrature, a small 
part of the shadow it projects upon the ring is visible on the 
east or on the west side of the disk, according as the sun is 
west or east of the planet; and in like manner, the difference be-
tween the angles which the visual and luminous rays form with 
the plane of the ring discloses, in certain cases, a small breadth 
of the shadow projected on the planet's disk by the ring, which 
is accordingly seen as a thin dark streak crossing the disk of 
the planet in contact with the ring. 

These phenomena prove that both the planet and the ring 
consist of matter having no light of their own, and deriving 
their entire illumination from the sun. 

2809. Conditions under which the ring becomes invisible 
from the earth. —The rings of Saturn viewed from the earth 
may become invisible, either because the parts presented to the 
eye are not illuminated by the sun, or, being illuminated, have 
dimensions too small to subtend a sensible visual angle. 

It has been explained that, in every position assumed by the 
planet in its orbital motion, one side or the other of the rings is 
illuminated with more or less intensity, except at the Saturnian 
equinoxes, when, the plane of the ring passing through the sun, 
its edge alone is illuminated. 	Owing to the extreme thinness 
of the plate of matter composing the rings, they cease in this 
case to be visible, except by feeble and uncertain indications 
observed with high magnifying powers, which will be noticed 
hereafter. 	It has been inferred by Sir John Herschel, from 
observations made with telescopes of great power, that the 
major limit of their possible thickness is 250 miles, 	The visual 
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angle which, this thickness would subtend at the distance of 
Saturn in opposition, is (2790) 

250 	• = 206,265" 	0.064". 800,000,000 x 

The visual angle would, therefore, be less than the fifteenth part 
of a second. 

The rings, therefore, disappear from this . cause at Saturn's 
equinoxes, which occur at intervals of IA? years. 

When the dark side of the rings is exposed to the earth it is 
evident that the sun and earth must be on opposite sides of the 
plane of the rings, and therefore that plane must have such a 

position ,that its direction would pass 
........ 	 between the sun and the earth. 	This 

can only happen within a certain limited 
1 	iii II 	- 	,. distance of the planet's equinoxes. 

Let s, fig. 774., represent the place_of 
• , the sun, EE' the orbit of the earth, and p 

the place of Saturn at the time of either 
of his equinoxes. 	From what has been 

, 	l 	i 
I : 	already explained, it appears that in this 
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to s. 	Since the ring is carried parallel. 

1 11 
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1 
the earth's orbit, and after passing e, 0 
the right of it. 	 • 

Fig. 774, It is evident, therefore, that before thg 
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planet arrives at P, whatever be the position of the earth in its 
orbit, the earth, as well as the sun, must be'to the right of 'the 
direction of the edge of the rings, and consequently on their 
illuminated side; and after. passing P', the earth, as well as the 
sun, must be to the left of the edge of the rings, and there- 
fore still on the illuminated side. 	The rings, therefore, must 
everywhere be visible, except when the planet is at or between 
the points P and P'. 

When the planet is at either of the points P or P', it may 
happen that at the same moment the earth is at the correspond- 
ing point a or E'. 	In .that contingency the edge 'of the ring, 
being the only part exposed to the observer, would be invisible 
because of its minuteness,:in the same manner as when the 
planet is at p. 	In that oak) the disappearance of the planet 
would be of short duration, because' the orbital motion of the 
earth would soon bring it on the enlightened side of the ring. 
Thus, if when the planet is at P the earth is at E, the latter, 
moving much faster than the planet, advances before it, and 
being then on the same side of the ring with the sun, the illu-
minated side is exposed to the earth, and therefore visible ; and 
if wheii the planet is at E.' the earth is at E', the latter moving 
towarda e' while the planet advances to the right of P', the 
earth and planet are both on the left of the edge of the rings, 
and, as before, the enlightened side of the rings is exposed to 
the earthqind they are therefore visible. 

If, while the planet is between P and p, the earth, moving 
from e' towards a, pass through the point to which the edge of 
the rings is directed, the rings will after such passage cease to 
be visible, because the earth will then be on their dark side. 
It is possible that after this, and before the planet arrives at p, 
the earth, moving from E towards e, overtaking the direction of 
the edge, may again pass through the point to which it is di- 
rected. 	If this happen the rings will again become visible, 
because the earth will thus pass from their dark to their illu-
minated side. 

If in this case, while the earth moves towards E' and e', the 
planet pass through p, the rings will again become invisible, 
because, their edge passing from one side of the sun to the other, 
the side presented towards E' will be dark, and that towards E 
illuminated. 	If in this case the earth, moving from E' towards 
s',•again pass through the point to which the edge of the rings 
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is directed, it will again pass from the dark to the enlightened 
side, and the rings will again become visible. 
• The angle Ep s, being the annual parallax of Saturn (2744), 
is 6°, and consequently Ep E' or P s PI  is 12°. 	But since the 
annual heliocentric motion of Saturn is 12°-22, the time of 
moving from P to P' is 

12 x 365=3581 days; 12-22 

or about 62 days less than the time the earth takes to make a 
complete revolution, so that while the planet moves from P to Pi  
the earth moves through about 354° of its orbit. 
• It appears, therefore, that the interval during which the 
planet is within such a distance of its equinoctial point as to 
render the disappearance of the rings from one or other of these 
several causes possible, the earth makes very nearly a complete 
revolution, and is therefore at one time or other in u position to 
Meet the direction of the edges at least once, and 'the relative 
position of it and the planet may be such as to cause several 
disappearances of the rings within six months before and after 
the Saturnian• equinox'. 	• 	• 	. 	. 	.. 	• 	- 	• 

All these various phenomena were witnessed at the last Sa- 
turnian equinox in 1848. 	The northern surface of the ring 
had then been visible for nearly fifteen years. 	The motions of 
the planet and the earth brought the plane of the ring to that 
position on the 22nd of April in which, its edge being presented 
to the earth, it became invisible, the sun being still north of 
the plane: ' On the 3rd of September the sun, passing through 
the plane of the ring, illuminated its southern surface, and,'the 
earth being on the same side, the ring was visible. 	On the 
12th, the earth again passing through the plane of the ring, its 
northern surface was exposed to the observer, which was in- 
visible, the sun being on the southern side. 	The ring con- 
tinued thus to be invisible until the 18th of January, 1849, 
when, the earth once more passing through the plane of the 
ring, the southern surface illuminated by the sun came into 
view. 	This side of the ring will continue to be exposed to both 
the earth and the sun until 1861-2, the epoch of the next equi-
nox, when a like succession of appearances and disappearances 
will take place, —the sun and earth eventually passing to the 
northern side, on which they will continue for a-like intervaL 
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2810. Schmidt's observations and drawings of Saturn with 
the ring seen edgeways. —At the last Saturnian equinox, which 
took place in 1848, a series of observations was made at Bonn, 
the results of which have demonstrated the existence of great 
inequalities of surface on the rings, having the character of 
mountains of considerable elevation. 	The observations were 
made and published, accompanied by seventeen drawings of 
the appearance of the planet, its belts, and ring, by M. Julius 
Schmidt, of the Bonn Observatory.* . 

We have selected from these drawings four, which are given 
in Plate XI. 

On the 26th of June, the planet presented an appearance, 
fig.1., closely resembling that ofJupiter, except that a dark streak 
was seen along its equator, produced by the shadow of the ring, 
the earth being then a little above the common plane of the 
ring and the sun. 	A few feeble streaks, of a greyish colour, 
were visible on each hemisphere, which however disappeared 
towards the pales. 	A very feeb16 star was seen at the 
western extremity of the ring, which was supposed to be one of 
the nearer satellites. 	The ring exhibited the appearance of a 
broken line of light projecting from each side of the planet's 
disk. 	"' 	' 

After this day the shadow across the planet disappeared, but 
was again faintly seen on the 25th of July, 

The ring continued to be invisible until the 3rd of Septem-
ber, when a very slight indication of it was seen, but on the 
next night it became distinctly visible with. an  interruption 
in two places, as represented in fig. 2. 	The bright equatorial 
belt was divided into two unequal parts by the ring, the nor- 
thern portion being the narrower. 	Three small satellites were 
seen in the prolongation of the direction of the ring. 

On the 5th, the ring was symmetrically broken on both sides)  
fig. 3, 	- 

On the 7th, the western side was divided into three parts. 
On the I I th, the ring and planet presented the appearance 

represented in fig. 4. 
The broken and changing appearances of the ring on this 

occasion, can only be explained by the admission of great in-
equalities of surface rendering some parts of the ring so thick 

. 	! .Astron. Nadu% Schumacher, Vol. ?txviii. No. 00, 
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-as to be visible, and others so thin as to be invisible, when pre- 
sented edgeways to the observer. 

2811. Observations of Herschel. — These observations of 
Schmidt are corroborative of .those made at a much earlier 
epoch by Sir W. Herschel, who discovered the existence of ap-
pearances on the surface of the rings indicating mountainous 
nequalities. 	 • 

2812. Supposed multiplicity of rings.— Some observations 
made at Rome and elsewhere gave grounds for the conjecture, 
that the outer ring, instead of being double, is quintuple, and 
that instead of having a single division, there are four. 	It was 
even affirmed with some confidence, that the ring was septuple, 
and consisted of seven concentric rings suspended in the'same 
plane. 	These conjectures were founded upon the supposed 
permanence of the black circular and concentric streaks -which 
are observed upon the surface of the rings, and which are quite 
analogous to the belts of the planet. 	This assumed permanence 
has not, however, been re-observed, although the planet has' 
been•examined by numerous observers, with telescopes of very 
superior power to those with which the observations were 
made which formed the ground of the conjecture. 

The passage of Saturn diametrically across any fixed star 
of sufficient magnitude, at the" epoch of the Saturnian solstice, 
when the plane of the ring is inclined at the greatest angle to 
the visual line, would supply the most eligible means of testing 
the multiple structure of the rings.; for in that case the light of 
the star would be seen with the telescope to flash through each 
successive opening between ring and ring, provided that the 
width of such opening were sufficient to allow the visual ray to 
clear the thickness of the rings. 

2813. Ring probably triple—observations of Messrs. Lassell 
and Dawes. —Nevertheless, there are well ascertained appear-
ances on the surface of the outer ring, which have been thought 
to indicate a second division, and that the ring is triple. 	So 
early as 1838 Professor Encke noticed an appearance which 
indicated a division, and even made drawings in which such 
•a division is indicated. 	(See Berlin Trans. 1838.) 	On the 
7th September, 1843, Messrs. Lassell and Dawes, unaware 
apparently of Encke's observations, with A nine-feet Newtonian 
reflector constructed by Mr. Lassell, saw what they considered 

	

to be a division of the outer ring; 	The observation was made 
m. 	 • a it 
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under a magnifying power of 450, which gave a sharply .de-
fined, disk to the planet, and exhibited the principal division 
of the rings as a continuous, distinctly seen, black streak, 
extending all round the surface of the ring. 	A dark line oil 
the outer ring, near the extremities of the ellipse, Was not only 
distinctly seen, but an estimate of its breadth compared with 
that of the principal division was made by both these ob-
sefvers from which it appeared .that this breadth was about 
one-third of the space which separates the two principal rings. 
Its place upon the outer ring was a little less than half the 

.entire width of the ring from the outer edge, and it was equally 
visible at both ends of the ellipse. 	No appearances could be 
discovered of, any other divisions, although the shading of the 
belts on the inner ring was distinguished. 

2814. Researches of Bessel corroborate these conjectures. -- 
Besse' compared all the observations made-  on the rings from 
1700 to 1833, with the view of determining with more precision 
the nodes of the ring, and found that the ring has frequently 
been seen when it ought to have been invisible, if the several 
concentric rings of which it consists were all in the same plane 
and had a uniform surface. 	He found that the appearances and 
disappearances had no certain or regular epochs, and did not 
correspond with each other, even to the same observer, using 
the same instrument. 	Thus Schwabe, at Dessau, saw the line 
of light formed by the rings near their equinox, resolve itself 
into a series of points. 	Schmidt, as has been stated, saw it be- 
come a broken line, .changing from night to night its form. 
Other observers saw the ring disappear on one side of the disk, 
while it was apparent on the other. 	From all these phenomena, 
it is inferred, that probably the rings are in planes slightly 
different ; that their edge is not regularly circular, but notched 
and dinged ; and, in fine, that their surfaces are characterised 
by considerable mountainous undulations. 

2815. Discovery of an inner ring imperfectly  reflective and 
partially transparent. — But the most surprising result of re-
cent telescopic observations of this planet has been the dis-
covery of a ring, composed, as it would appear, of matter re-
flecting light much more imperfectly than the planet or the 
rings already described ; and what is still more extraordinary, 
transparent to such a degree, that the body of the planet can 
be seen through it. • 	. 	 . 
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In 1838, Dr. Galle, of the Berlin observatory, noticed a phe-
nomenon, which he described as a gradual shading off of the 
inner ring towards the surface of the planet, as if the solid 
matter of the ring were continued beyond the limit of its illu-
minated surface, this continuation of the surface being ren-
dered visible by a very feeble illumination such as would at-
tend a penumbra upon it ; and measures of this obscure surface 
were published by him in the "Berlin-Transactions" of that 
year. 

The subject, however, attracted very little attention until 
towards the close of 1850, when Professor Bond, of Boston, 
and 111r. Dawes in. England, not _only recognised the pheno-
menon- noticed by Dr. Galle, but ascertained its character and 
features with great precision. 	The observations of Professor 
Bond were not known in England until the 4th of Decem-
ber ; but the phenomenon was very fully and satisfactorily 
seen and described by Mr. Dawes, on the 29th of November. 
That astronomer, on the 3rd December, called the' attention 
of Mr. Lassell to it, who also witnessed it on that evening at 
the observatory of Mr. Dawes; and both immediately published 
their observations and descriptions of it, which appeared in 
Europe simultaneously with those of Professor Bond. 

It was not, however, until 1852 that the transparerlry was 
fully ascertained. 	From some observations made in Septem- 
ber, 

 
Mr. Dawes strongly suspected its existence, and about the 

same time it was clearly seen at Madras by Captain Jacob, 
and in October by Mr. Lassell at Malta, whither he had re-
moved his obiervatory .to obtain the advantages of a lower 
latitude and more serene sky. 	The result of these observations 
has been the, conclusive proof of the unique phenomenon of a 
semi-transparent annular appendage to this planet. 

2816. Drawing of the planet and rings as seen by Mr. 
Dawes.—The planet surrounded by this compound system of 
rings is represented in Plate XII. 	The drawing is reduced 
from the original sketch, made by Mr. Dawes, of the planet as 
seen. with his refractor of 6g inch aperture, at Wateringbury, 
in November 1852. 	Another representation of the planet as 
seen by Mrs Lassen at Malta, in December 1852, has been 
lithographed, and is almost identical wish that of Mr. Dawes. 
In both, the form and appearance of the obscure ring and its 
partial transparency are rendered quite manifest. 	The princti• 
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'pal division of the bright rings is visible throughout its entire 
circumference: . The black line, supposed to be a division of the 
outer ring, is visible in the drawing of Mr. Dawes; but was not 
at all seen by Mr. LasselL 	 , 

A remarkably bright thin line, at the inner edge of the inner 
bright ring, which appears in the Plate XII., was distinctly 
seen by Mr. Dawes in 1851 and 1852. 

The inner bright ring is always a little brighter than the 
planet. It is not, however, uniformly bright. 	Its illumination 
is most intense at the•outer edge, and. grows gradually fainter 
towards the inner edge, where it is so feeble as to render it 
somewhat difficult to ascertain its exact limit. 	It would seem 
as if the imperfectly reflective quality there approaches to 
that of the obscure ring recently discovered. 	The open space 
between the ring and the planet has the same colour as the 
surrounding sky. 

2817. Bessel's calculation of the mass of the rings.—Bessel 
has attempted to determine the mass of the system of rings by 
the perturbation they produce upon the orbit of the sixth satel- 
lite. 	He estimates it at 1-118th part of the mass of the planet. 
The thickness of the rings being too minute for measurement, 
.no estimate of the density of the matter composing them can 
be hence obtained; but if the density be assumed to be equal 
to that of the planet (which will be explained hereafter), it 
would follow that the thickness of the rings would be about 
138 miles, which is not far from the estimate of their thickness 
made by observers. 	If this thickness be admitted; the edge of 
'the rings would subtend an angle of the 1-32nd part of a second 
at Saturn's mean distance. 	Hence it will be understood that 
the ring must disappear, even in powerful telescopes, when 
presented edgeways. 

2818. Stability of the rings. — One of the circumstances at-
tending this planet, which, has excited most general astonish-
ment, is the fact that the globe of the planet, and two, not to 
say more, stupendous rings, carried round the sun with a velocity 
of 22,000 miles an hour, subject to a periodical variation not 
inconsiderable, due to the varying distance of the planet from 
the sun, should nevertheless maintain their relative position for 
•countless ages undisturbed, the globe of the planet remaining 
still poised in the middle of the rings, and the rings, two or 
several as the case may be, remaining one within the other 
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without material connection or apparent contact, no one of the 
parts of this most marvellous combination having ever gained 
or lost ground upon the other, and no apparent approach to 
collision having taken place, notwithstanding innumerable dis:- 
turbing actions of bodies external to them. 

2819. Cause assigned for this stability.— The happy thought 
of bringing the rings under the common law of gravitation, 
which gives stability to satellites, has supplied a striking and 
beautiful solution for this question. 	The manner in which the 
attraction of gravitation, 	combined with centrifugal force, 
causes the moon to keep revolving round the earth without 
falling down upon it•by its gravity on the one hand, or receding 
indefinitely from it by the centrifugal force on the other, is well 
understood. 	In virtue of the equality of these forces, the moon 
keeps continually at the same mean distance from the earth 
while it accompanies the earth round the sun. 	Now it would 
be easy to suppose another moon revolving by the same law of 
attraction at the same distance from the earth. 	It would re- 
volve in the same time, and with the same velocity, as the first. 
We may extend the supposition with equal facility to three, 
four, or a hundred moons, at the same distance. 	Nay, we may 
suppose as many moons placed at the same distance round the 
earth as would complete the circle, so as to form a ring of 
moons touching each other. 	They would still move in the 
same manner and with the same velocity as the single moon. • 

If such a ring of moons were beaten out into the thin broad 
flat rings which actually surround Saturn, the circumstances 
would be somewhat changed, inasmnch as the periods of each 
concentric zone would vary in a certain ratio, depending on its 
distance from the centre of Saturn, so that each such zone 
would have to revolve more rapidly than those within it, and 
less rapidly than those outside it. 	But if the entire mass were 
coherent, as the component parts of a solid body are, the comr 
plete ring might revolve in a periodic time less than that, due 
to its exterior and longer than that due to its interior parts. 	In 
fact, the period of its revolution would be the period due to a 
certain zone lying near the middle of its breadth, exactly as the 
time of oscillation of a compound pendulum is that which is 
proper to the centre of oscillation (543). 	Indeed, the case of 
the oscillation of a pendulum and the conditions which deter- 
. 	lit. 	 s 
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'mine the centre of oscillation afford a very striking illustration 
of the physical phenomena here contemplated. 

2820. Rotation of the - rings. —Now the observations of Sir 
William Herschel on certain appearances upon the surface of 
the rings led to the.discovery that they actually have a revo-
lution'round their common centre and in their own plane, and 
that the time of such revolution is very nearly equal to the 
periodic time of a satellite whose distance from the centre of 
the planet would be equal to that of the middle point of the 
.breadth of the rings. 

But if the principles above explained be admitted, it would 
follow that each of the concentric zones into which the ring is 
divided would have a different time of revolution, just as satel- 
lites at different distances have different periodic times; and it 
is extremely probable that such may be the case, because no 
observations hitherto made afford results sufficiently exact 
and conclusive as to either establish or overturn such an hypo- 
-thesis. 
• It appears, therefore, in fine, that the stability pf the rings 
'is explicable upon the same principle as the stability of a satel- 
lite. 	• 

2821. Eccentricity of the rings. — The fact that the system 
'of rings is not concentrical with the planet resulted from some 
tobservations made by Messrs. Harding and Schwabe; after 
which the subject was taken up by Professor Struve, who, byr 
'delicate micrometric observations and measurements executed 
with the great Dorpat instrument, fully established the fact, 
that the centre of the rings moves in a small orbit round the 
centre of the planet, being carried round by the rotation of the 
rings. 	 • 

2822. Arguments for the stability founded on the eccentricity. 
`... Sir John Herschel has indicated, in this deviation of the 
centre of the rings from the centre of the planet, another source 
of the stability of the Saturnian system. 	If the rings were 
" mathematically perfect in their circular form, and exactly 
concentric with the planet, it is demonstrable that they would 
form (in spite of their centrifugal force) a system in a state of 
unstable equilibrium, which the slightest external power would 
subvert—not by causing a rupture in the substance of the 
rings — but by precipitating them, unbroken, on the surface of 
the planet. 	For the attraction of such a ring or rings. on a 
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point or • sphere eccentrically situate within them is not the 
same in all directions, but tends to draw the point or sphere 
toward the nearest part of the ring, or away from the centre. 
Hence, supposing the body to become, from any cause, ever so 
little eccentric to the ring, the tendency of their mutual gravity 
is, not to correct but to increase this eccentricity, and to bring the 
nearest parts of them together. 	Now, external powers, capable 
of producing such eccentricity, exist in the attractions of the 
satellites; and in order that the system may be stable, and 
possess within itself a power of resisting the first inroads of 
such a tendency, while yet nascent and feeble, and opposing 
them by an•opposite or maintaining power, it has been shown 
that it is sufficient to admit the rings to be loaded in some part 
of their circumference, either by some minute inequality of 
thickness, or by some portions being denser than others. 	Such 
a load would give to the whole ring to which it was attached 
somewhat of the character of a heavy and sluggish satellite, 
.maintaining itself in an orbit with a certain energy sufficient to 
overcome minute causes of disturbance, and establish an average 
bearing on its centre. 	But even without supposing the exist- 
ence of any such load—of which, after all, we have no proof--
and granting, therefore, in its full extent, the general instability 
of the equilibrium, we think we perceive, in the periodicity 
of all the causes of disturbance, a sufficient guarantee of its 
preservation. 	however homely be the illustration, we can 
conceive nothing more apt in every way to give a general con-
ception of this maintenance of equilibrium, under a constant 
tendency to subversion, than the mode in which a practised 
hand will sustain a long•pole in a perpendicular.  position resting 
on the finger, by a continual and almost imperceptible variation 
of the point of support. 	Be that, however, as it may, the ob- 
served oscillation of the centres of the rings about that of the 
planet is in itself the evidence of a perpetual contest between 
conservative and destructive powers—both extremely feeble, 
but so antagonising one another as to prevent the latter from 
ever acquiring an uncontrollable ascendancy, and rushing to a 
'catastrophe." 

Sir J. Herschel further observes, that since "the least dif-
ference of velocity between the planet and the rings must 
infallibly precipitate the one upon the other, never more to 
separate (for, once in contact, they would attain a position of 
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stable equilibrium, and be held together ever after by an im- 
mense force), it follows either that their motions in their 
common orbit round the sun must have been adjusted to each 
other by an external power with the minutest precision, or that 
the rings must have been formed about the planet While subject 
to their common orbital motion, and under the full and free 
influence of all the acting forces." 

2823. Satellites.— Saturn is attended by eight satellites, 
seven of which move in orbits whose planes coincide very nearly 
with that of the equator of the planet, and therefore with the 
plane of the rings. 	The orbit of the remaining satellite, which 
is the most distant, is inclined to the equator of the planet at 
an angle of about 12° 14', and to the plane of the planet's orbit 
at nearly the same angle. 

2824. Their nomenclature. — In the designations of the sa- 
tellites, much confusion has arisen from the disagreement of 
astronomers as to the principle upon which the numerical order 
of the satellites should be determined. 	Some name them first, 
second, third, &c., in the order of their discovery; Nichile others 
.designate them in the order of their distances from Saturn. 	It 
.has been proposed to remove all confusion, by giving them 
names, taken, like those of. the planets, from the heathen di- 
vinities. 	The following metrical arrangement of these names, 
in the order of their distances, proceeding from the most distant 
inwards, has been proposed, as affording an artificial aid to the 
.memory: — 

Iapetus, Titan ; Rhea, Dione, Tethys'; 
Enceladus, Mimas 

2825. Order of their discovery. — Since this was suggested, 
the eighth satellite situate between Iapetus and Titan has been 
discovered, and called Hyperion. 
' 	The order of their discovery was as follows : — 

Name. Discoverers. %Teri discovered. 

Iapetus. Huygens 105. 
Titan. D. Cassini. 1675. 

' 	Rhea. Drs. 1672. 
Dione. Do. 161,4. 
Eneeladus. Sir W. Herschel. 17t49. 

. 	Mimes. Do. 1789. 
Hyperion. 14fessrs. Lassen and Bond. 1818. 

• _Pronounced Tiithys. 
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' Hyperion was digeovered on the same night,.19th Sept. 1848, 
by Mr. Lassen of Liverpool, and Professor Bond of the Uni-
versity of Cambridge in the United States. 

2826. Their distances and periods. — The periodic times 
and mean distances of these bodies from the centre of Saturn, 
ascertained by the same kind of observations as already ex-
plained in the case of the satellites of Jupiter, are as follows:— 

Order. . 	Name. 
Period. Distance. 

D. 	H. 	if. 	s. S101.111611 Days. 
Semidiameters 

of Saturn. 

1 
2 
3 
4 
5 
6 
? 
8 

., 	 - Mimas 	 - 
• Enceladits 	 - 

Tethys 	. 	 - 
Diane 	- 	 - 
Rhea 	 • 	 • 
Titan 	- 	

s: 	
- 

Hyperion - 	 - 
Iapetus 	- 	• 	- 

0 	22 	37 	22 9 
1 	8 	53 	5•7 
1 	21 	18 	25'7 
2 	17 	41 	89 
4 	12 	25 	10•8 

IS 	22 	41 	2.4-2 
22 	12 	7 	7 
79 	7 	53 	40'4 

2.16 
3.14 
4'32 
ez 

10'60 
35.48 

185' 
trI• 	?  

3.3607 
4'3125 
5.3396 
6.8398 
9'5528 

22•1450 

64•3390 

2827. Harmonic law observed. — By comparing 
the numbers expressing the ratio of the periods 
and distances, it will be found that the numbers 
expressing these fulfil the harmonic law, subject to 
such deviations from its rigorous observance as are 
due to the influence • of small dislarbing causes 
already noticed. 	Thus, if n express the mean dis- 
tance of any satellite from the centre of the planet, 
and P its period, it will be found that the relation 

D3   

1,2 
 =74 

will be very nearly true for all the satellites. 
2828. Elongations and relative distances. — The 

greatest elongations of the satellites from the primary, 
and the scale of their distances in relation to the 
diameters of the planet and its rings, are repre• 
sented in jig. 77.5. 

It appears, therefore, that the orbit of the most 
remote of the satellites subtends a visual angle of 
only 1286" at the earth, being about two-thirds of 
the apparent diameter of the sun or moon, and 

'within this small visual space all the vast physical 
machinery and phenomena which we have here no-.  
ticed are in operation, and within such a space 
have these extraordinary discoveries been made. 

s 3 

•: i 

2,1 

' " 1  
i 

Fig. 775, 
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The apparent diameter of the external edge of the rings is.  
only 44", or the fortieth part of the apparent diameter of the 
sun or moon ; yet within that small circle have been observed 
and meastded the planet, its belts, atmosphere, and rotation, 
and the two rings, their magnitude, rotation, and the lineaments. 
of their surface.  

2829. Various phases and appearances of the satellites to 
observers on the planet. — All that has been- said of the phases 
and appearances of the moons of Jupiter, as presented to the' 
inhabitants of that planet, is• equally applicable to the satellites 
of Saturn, with this difference, that instead of four there are 
eight moons continually revolving found the planet, and ex-
hibiting all the monthly changes to which.we are accustomed 
in the case- of the solitary satellite of the eafth. 

The periods of Saturn's moons, like tlrose of Jupiter, are 
short, with the exception of those most remote from the pri-.. 
mart'. 	The nearest passes through.all its phases in 221 hours, 
and the fourth, counting outwards, in less than 66-hours. 	The 
next three have months varying from 4 to 22 terrestrial days. 

These seven moons move in orbits whose planes are nearly 
coincident with the plane of the rings. 	The consequence of 
this arrangement is, that they are always visible by the inha-
bitants of both hemispheres when they are not eclipsed by the 
shadow of the planet. . 

The two inner satellites are seen making their rapid course 
along the external edge of the ring, within a very small ap-
parent distance of it. • The motion of the nearest is so rapid as 
to be perceivable, like that of the hour-hand of a colossal time- 
piece. 	It describes 360°  in 222 hours, being at the rate of 16° 
per hour, or 16' per minute, so that in twd minutes it moves 
over a space equal to the'apparent diameter of the moon. 

The eighth, or most remote satellite, is in many respects 
exceptional, and different from all the others. 	Unlike these, it 
moves in an orbit inclined at a considerable angle to the plane 
of the rings. 

It is exceptional also in its distance from the primary, being 
removed to the distance of 64 semidiameters of Saturn. 	The 
only case analogous to this presented in the solar system is that 
of the earth's moon, the distance of which is 60 semidiameters 
Of the primary. 

2830. Magnitudes of the satellites. — Owing to the great 
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distance of Saturn, the dimensions of the satellites have not 
been ascertained. 	The sixth in order, proceeding outwards, is,. 
however, known to be the largest, and it appears certain that 
its volume is little less than that of the planet Mars. 	The three: 
satellites immediately within this, Rhea, Dione, and Tethys, are 
smaller bodies, and can only be seen with telescopes of great 
power. 	The other two, Mimas and Enceladus, require instru-. 
meats of the very highest power and perfection, and atmo-
spheric conditions of the most favourable nature, to be observ- 
able at all. 	Sir J. Herschel says, that at the time they were 
discovered by his father " they were seen to thread, like beads, 
the almost infinitely thin fibre of light to which the ring, there 
seen edgeways, was reduced, and for a short time to advance off., 
it at, either end, speedily to return, and hastening to their 
habitual concealment behind the body." 	. 

2831. Apparent magnitudes as seen from Saturn. — The 
real magnitudes of the satellites, the eighth excepted, being ,  
unascertained, nothing can be inferred with any certainty re-, 
specting their apparent magnitudes as seen from the surface 
of Saturn, except what may be reasonably conjectured upon 
analogies to other like bodies of the system. 	The satellites of 
Jupiter being all greater than the moon, while one of them 
exceeds Mercury in magnitude, and another is but little inferior. 
in volume to that planet, it may be assumed with great proba-
bility of truth that the satellites of Saturn are at least severally, 
greater in their actual dimensions than pur moon. 	 .. 

If this be admitted, their probable apparent magnitudes as 
seen from Saturn may be inferred from their distances. 	The 
distance of the first,'Mimas, from the nearest part of the sur-
face of the planet, is only 94,000 miles, or about q times less 
than the distance of the moon ; the distance of the second is, 
about half that of the moon ; that of the third about two-thirds, 
and that of the fourth about five-sixths, of the moon's distance.: 
If these bodies, therefore, exceed the moon in their actual di-
mensions, their apparent magnitudes as seen from Saturn will, 
exceed the apparent magnitude of the moon in a still ,greater 
ratio than that in which the distance of the moon from the 
earth exceeds their several distances from the surface of Saturn. 
Of the remaining satellites, little is as yet known of the seventh, 
Hyperion, which has only been recently discovered ; and the 
great magnitude of the sixth, Titan, renders it probable that, 
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notwithstanding its great distance from Saturn, it may still 
appear with a disk not very much less than that of the moon. 
' 2832. Horizontal parallax of the satellites. — The horizontal 

parallax is determined in the same manner as for the satellites 
of Jupiter (2767). 	Let the values of it, for the eight satellites 
proceeding outwards, be expressed by ri, 1'2, ira, &c., and we 
shall have 	 . 

I 	57" 	170 	w = 57" — 1301 	tt — 57"  — 10°•7 	r = "" w= 804 

	

= 3'36 = 	2 	4'3 -- 	3  - 634 — 	4 	6.84 

	

is = Si = 60 	w6  = 52;: = 201 	2.7  = 5724 = 20 	ir, = 2 .. 001. 

2833. Apparent magnitudes of Saturn seen from the satel-
lites. — It follows, therefore, that the disk of Saturn, seen from 
the satellites respectively, subtends visual angles varying from 
34° subtended at the nearest to 2° at the most remote. 

2834. Satellites not visible in the circumpolar regions of the 
planet.— From what has been explained in (2769), combined, 
with the observed fact that all the satellites except Iapetus 
move in the plane of the equator of the planet, it follows that 
they are severally invisible within distances of the poles of the 
planet expressed by their horizontal parallaxes. 	Thus, the first 
cannot be seen at latitudes higher than 73°; the second, 76°,4; 
the third, 790.3, and so on. 

2835. Remarkable relation between the periods.— The periods 
of the four satellites nearest to the planet have a very remark- 
able numerical relation. 	If they are expressed by P, P', P", 
and r", we shall find that 

r"=2 P, 	r"'=2 r'; 

that is, the periods of the third and fourth are respectively 
double those of the first and second. 

2836. Rotation on their axes. — The case of the Moon, and 
the observations made on the satellites of Jupiter, raise the pre-
sumption that it is a general law of secondary planets to revolve 
on their axes in the times in which they revolve round their 
primary. 	The great distance of Saturn has deprived observers 
hitherto of the power of testing this law by the Saturnian sys- 
tem. 	Certain appearances, however, which have been observed 
in the case of the great satellite Titan indicate, at least with 
regard to it, such a rotation. 	The variation of its apparent 
brightness in different parts of its orbit is very conspicuous, and 
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the changes have a fixed relation to its elongation, the same 
degree of brightness always corresponding to the same position 
of the satellite in relation to its primary. 	Now this is an effect 
which would be explicable on the supposition that different 
sides of the satellite reflect light with different degrees of inten-
sity; and that it revolves on its axis in the same time that it 
revolves round its primary. It has been observed that, when the 
satellite has eastern elongation, it has ceased to be visible, from 
which it has been inferred that the hemisphere then turned to the 
earth has so feeble a reflective power that the light proceeding 
from it is insufficient to affect the eye in a sensible degree. The 
improvement of telescopes has enabled observers to follow it at 
present through the entire extent of its orbit, but the diminution 
Of its lustre on the eastern side of the planet is still so great, that 
it is only seen with the greatest difficulty. 

2837. Mass of Saturn. — The mass of Saturn is ascertained 
by the motion of his satellites by the method already, explained 
(2635). 

If r express the distance of the planet from the sun in semi-
diameters of the orbit of a satellite, P the period of the planet 
taking that of the satellite for the unit, and at the mass of the 
sun taking that of the planet for the unit, we shall have 

r3  
—.-• m=r4  

By substituting for these symbols the numbers which they 
represent in the case of Saturn and his satellites, values will be 
found for at, a mean of which is about 3500, showing that the 
mass of Saturn is the 3500th part of the mass of the sun. 

Since the earth is the 355,000th part of the mass of the sun, 
it follows that the mass of Saturn is 100 times that of the 
earth. 

2838. Density. — Since the mass of Saturn is only 100 
times that of the earth, while his volume is about 1000 times 
greater, it follows 	that this planet is composed of matter 
whose mean density is about ten times less than that of the 
earth ; and since the density of the earth is five and a half times 
greater than that of water, it follows that the density of Saturn 
is a little more than half that of water. 	This is the density of 
the light sorts of wood, such as cedar and poplar, and is about 
twice the density of cork (787). 
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2839. Superficial gravity.—The gravity by which bodies' 
on the surface of Saturn are attracted, omitting fer the moment 
all consideration of the effects of the spheroidal form and rota-
tion, may be computed by the principles already explained by 
its mass and mean diameter. 

Let m'=the mass, that of the earth being 1; 
r'=the mean semidiameter, tligt of the earth being 1; 
g'=superficial gravity, that of the earth being 1. 

We shall then have 
• m 	101.6=1-13. 9' 	1,1=9.482 

Superficial gravity, therefore, on Saturn exceeds that upon 
the earth by thirteen per cent., omitting the effects of form and 
rotation. 

2840. Centrifugal force at Saturn's equator.,— The force of 
gravity.  on Saturn, as on Jupiter, is subject to considerable 
variation, arising from the counteracting effects of centrifugal 
force. 

Let c=centrifugal force at the planet's equator related to 
terrestrial gravity as the unit; 

g =16.08 feet; 
v=velocity of Saturn's equator in feet per second. 

We shall then. have (313) 
v2  c= 21' 	g ----. 

The value of v deduced from the equatorial diameter of the 
planet and the time of its rotation is 34,775, and it follows, 
therefore, that c=0.1799. 

Deducting this from the superficial gravity, undiminished by 
rotation already computed (2839), we shall have 

g'—c=1.13-0•1799=0.9501 ; 
which is, therefore, the effective gravity at Saturn's equator 
related to terrestrial gravity as the unit. 

2841. Variation of gravity from equator to pole. — Let e, w, 
and c retain their former significations (2777) (2384), and 
by the'theorem of Claifaut, already noticed, we shall have 

el- w=2.5c. 
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• But, by what has been proved, we have 

c
= 

 0
0
.
.
9
1
5
7
0
99

1-0.189; e=0097 	c=
g'f— 

from which it follows that 

w=2.5 x 0189-0.097=0'3755. 
. 4 

It follows, therefore, that a body which weighs 10,000 lbs. at 
Saturn's equator would weigh 13,755 lbs. if transported to his 
pole; and a body which weighs 100 lbs. placed upon the earth 
would weigh 95 lbs. on Saturn's equator. 
' The height through which a body would fall in a second upon 
Saturn will be 

16.08 x 0.95=15.28 feet at the equator; 
15.28 X. 1.375=21.01 feet at the pole. 

• The relative heights through which bodiei would fall, and the 
lengths of pendulums, may be determined in the same 'manner 
as already explained (2777). 

2842. 	Prevailing errors respecting the uranography of 
Saturn. —The rings must obviously form a most remarkable 
object in the firmament of observers stationed upon Saturn, and; 
must play an 	important part in their uranography. 	The 
problem to determine their apparent magnitude, form, and 
position, in relation to the fixed stars, the sun, and Saturnian 
moons, has, therefore, been regarded as a question of interesting 
speculation, if not of ,great scientific importance; 	and has, 
accordingly, more or less engaged the attention of astronomers. 
It is nevertheless a singular fact, that, although the subject has 
been discussed and examined by various authorities for three-
quarters of a century, the conclusions at which they have ar-
rived, and the views which have been generally expressed and 
adopted respecting it, are completely erroneous. 

In the Berlin Jahrbuch for 1786, Professor Bode published 
an essay on this subject, which, subject to the imperfect know-
ledge of the dimensions of the rings which had then resulted 
from the observations made upon them, does not seem to difft r 
materially in principle from the views adopted by the most 
eminent astronomers of the present day. 

2843. Views of Sir J. Herschel. --? Sir John Herschel, in 
his Outlines of Astronomy, edit. 1849, states that the rings as. 
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seen from Saturn appear as vast arches spanning the sky from 
horizon to horizon, holding an almost invariable situation among 
the stars ; and that, in the hemisphere of the planet which is 
on their dark side, 'a solar eclipse of fifteen years' duration 
takes place. 

This statement, which has been reproduced by almost all 
writers both in England and on the Continent, is incorrect in 
both the particulars stated. 	First, the rings do not hold an 
almost invariable position among the stars. 	On the contrary, 
their position with relation to the fixed stars is subject to a 
change so rapid that it must be sensible to observers on the 
planet, the stars seen on one side of the rings passing to the other 
side from hour to hour. Secondly, no such phenomenon as a solar 
eclipse of fifteen years' duration, or any phenomenon bearing 
the least analogy to it, can take place on any part of the globe 
of Saturn. 

2844. Theory of Madler.— Among the continental astro-
nomers who have recently reviewed this question, the most 
eminent is Dr. Miidler, to whose observations and researches 
Science is so largely indebted for the information we possess 
respecting the physical character of the surface of the Moon 
and Mars. 

This. astronomer maintains, like Herschel, that the rings 
hold a fixed position in the firmament, their edges being pro-
jected on parallels of declination, and that, consequently, all 
celestial objects are carried by the diurnal motion in circles 
parallel to them, so that in the same latitude of Saturn the 
same stars are always covered by the rings, and the same stars 
are always seen at the same distance from them. 

This is also incorrect. 	The zones of the firmament covered 
by the rings are not bounded by parallels of declination, but by 
curves which intersect these parallels at various angles. 

Dr. Madler enters into elaborate calculations of the solar 
eclipses which take place during the winter half of the Satur- 
nian year. 	According to him, at a certain epoch after the 
autumnal equinox in each latitude, the sun passes under the 
outer ring and is eclipsed by it, and continues to be thus 
eclipsed until, by its increasing declination, it emerges from the 
lower edge of that ring and passes into the opening between 
the rings, where it continues to be visible for an interval 
greater or less according to the latitude of the observer, 

   
  



THE •MAJOR PLANETS. 	 397: 

until the further increase of its declination' causes it to pass 
under the edge of the inner ring, where it is again eclipsed.• 
The further increase of its declination in certain latitudes• 
would, according to this astronomer, carry it beyond the lower 
edge of the inner ring, after which it would be seen below 
the ring uneclipsed. 	After the solstice in such latitudes, 
when the sun returns towards the celestial equator, its de-
creasing declination would carry it successively first under the 
inner and then under the outer ring. 	There would thus be, 
according to Miidler, in such latitudes two solar eclipses of long 
duration, one-  by each ring before the winter solstice, and two 
others of like duration, but in a contrary order, after the winter 
solstice. 	In certain latitudes, however, the declination of the 
lower edge of the inner ring being greater than the obliquity of 
the orbit to the Saturnian equator, the sun would not emerge 
from the inner ring, and in this case there would be, only one 
eclipse by the inner ring, and that at mid-winter; but, as 
before, two, one before and the other after the solstice, by 
the outer ring, separated from the former by the time during 
which the sun passes across the interval between the rings. 

Dr. Madler computes the duration of these various eclipses 
in the different latitudes of Saturn, and gives a table, by which 
it would appear that the solar eclipses which take place behind 
the inner ring vary in length from three months to several 
years, that the duration of the eclipses produced by the outer 
ring is still greater, and that the duration of the appearance of 
the sun in the interval between the rings varies in different 
latitudes from ten days to seven and eight months.* 

2845. Correction of the preceding views. — These various 
conclusions and computations of Dr. Midler, and the reasoning 
on which they are based, are altogether erroneous ; and the 
solar phenomena which he describes have no correspondence 
with, nor any resemblance to, the actual uranographical phe-
nomena. 

We shall now explain, so far as the necessary limits of the 
present volume will admit, what the actual phenomena are 
which would be witnessed by an observer stationed at different 
parts of theesurface of Saturn. 	It will not, however, be possible 
to enter into the details of the reasoning upon which the con- 
clusions are based. 	For this we must refer to a memoir by the 

* See Populiire Astronomic, von Dr. J. H. Madler. Berlin, 1852. 
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author of this volume, read before the Royal Astronomical 
Society of London, and which will be seen in their Trans- 
actions. 

2846. Phenomena presented to an observer stationed at 
Saturn's equator — Zone of the firmament covered by the 
ring. — The station of the observer in this case being in the 
plane of the ring, and the heavens having the character of a 
right sphere, the ring will cover a zone of the firmament coin-
ciding with the prime vertical, which, in this case, is also the 
celestial equator. 	It will therefore pass through the zenith of 
the observer at right angles to his meridian, descending to the 
horizon at the east and west points. 	The only part of the 
system of rings exposed to view is the inner edge of the inner 
ring. 	This edge is illuminated at night by the sun at all times, 
except at the equinox, when the sun, being in the plane of the 
ring, one semicircle of the ring throws its shadow on the other; 
and excepting, also, that arc of the ring on -which the shadow of 
the planet falls. 	In the day-time the edge of the ring,is rather 
strongly illuminated by light reflected from the extensive and 
not very remote surface of the planet. 

The thickness of the ring not being exactly ascertained, the 
apparent width of the zone of the firmament which it covers 
cannot be determined with precision. 

If, however, the major limit of 250 miles, assigned to the 
thickness by Sir J. Herschel, be adopted, the corresponding 
limit of the apparent width, obtained by the usual method of 
calculation, by comparing this thickness with its distance from 
the observer, will give 45' as the apparent breadth of the zone 
occupied by the ring at the zenith ; and since the observer, being 
stationed at a point o (fig. 776.) considerably removed from 

the centre c of the ring, is at a 
greater distance o r", o p" from 

2 	4111‘11.
1 o 	 those points of the ring which meet 

the horizon than from that which is 
( 	 at the zenith, the apparent breadth 

of the ring will gradually decrease 
c 	 from the zenith z to the horizon in 

Fig. 776. 	 the same proportion as the dis- 
I:Ince of successive points P, r' &c. of the ring from the station 
of the observer increases. 	From the known values of the dia- 
meters of the planet and the ring already given, it is easy to 
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show that the apparent breadth of the ring at the horizon will 
be less than its apparent .breadth at the zenith in the ratio of. 
9 to 4 very nearly, that being the inverse ratio of the distance 
of the two points from the observer. 	If, therefore, the apparent 
breadth of the ring at the zenith z be 45', its apparent breadth 
at the horizon e p" will be 20'. 

It appears, therefore, that a zone of the firmament is in this 
case covered by the ring extending 221 N. and S. of the. 
equator at the zenith, and 10' N. and S. of it at the horizon, 
and gradually decreasing in width from the one point to the 
other. 	It follows that, two parallels of declination at 22'4 N. 
and S. touch this zone at the points where it intersects the me-
ridian, and lie elsewhere altogether clear of it; and two other 
parallels, whose declination N. and S. is 10', meet it at the 
horizon, and lie elsewhere altogether within it. 	The inter- 
mediate parallels intersect the edges of the zone at certain 
points between the zenith and the horizon, and pass outside it, 
below and under it, above those points. 	It follows from this, 
that all objects situate in such parallels rise clear of the ring, 
pass under it at a certain altitude, and culminate occulted by it. 
All parallels of declination, whose distance from the equator is 
less than 10', are entirely covered by the ring from the horizon 
to the zenith ; and all objects placed on such parellels are, conse-
quently, occulted by the ring through, the whole period of their 
diurnal motion. 	 . 

2847. Solar eclipses at Saturn's equator.—These observa-
tions are applicable, of course, not only to the sun, but to all 
objects of changeable declination. 	As to the sun, its apparent 
diameter at Saturn being 3'.3, its disk will be in external con-
tact with the ring at the zenith, when the declination of its 
centre is 241, and in internal contact with it when its declina- 
tion is 21'. 

From a calculation of the rate at which the sun changes its 
declination at and near Saturn's equinox, derived from the as-
certained obliquity of his equator to his orbit, it may be shown 
that it will have the declination 24'1 at twenty-two days before 
the equinox, and the declination 21' at nineteen days before it. 
At twentyltwo days before the equinox, therefore, a partial 
eclipse of the sun by the ring at the zenith will commence, 
which will become total at nineteen days before it. 

But though total at the zenith it will still be only partial at- 
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lower altitudes; and the sun's disk will be clear of the ring al: 
together when still nearer to the horizon. 

When the sun's declination still decreasing becomes 11465, 
its disk will be in external contact with the ring at the point 
where it rises and sets; and when its declination becomes 8'-35 
it will be in internal contact, and therefore totally eclipsed. 
The sun' will have the former declination at ten days and a 
half, and the latter at seven days and a half, before the equinox. 

It follows, therefore, that the' sun will be totally eclipsed 
from rising to setting seven days and a half before, and seven 
days and a half after, the equinox, to an observer stationed on 
the equator of the planet. 
• 2848. Eclipses of the satellites. —The orbits of the six inner 
satellites being exactly or nearly in the plane of the ring, 
they will be permanently eclipsed by the ring to an observer 
stationed on the planet's equator, unless, indeed, the apparent 
magnitudes of their disks exceed the apparent width of the 
ring. 	The real magnitude of the satellites being unascer- 
tained, it is impossible to determine their apparent magnitudes; 
from analogy it would appear improbable that they should be 
so great as the apparent width of the ring even at the horizon, 
and unless they depart to some extent, by reason of small obli-
quities in their orbits, from the plane of the ring, all view of 
them must be permanently intercepted from an observer thus 
stationed. 
• The eighth satellite, however, whose orbit is inclined to the 
plane of the ring at an angle of about 13°, departs N. and S. 
of the ring to this extent, and is subject to eclipses similar to 
those of the sun already described. 

2849. Phenomena presented to an observer at other Satur-
nian latitudes. — If an observer be stationed at any point on 
one of the meridians of the planet, on the same side of the ring 
as the sun, the ring will present to him the appearance of an 
arch in the heavens, bearing some resemblance in its form to 
a rainbow, the surface, however, having an appearance resem-
bling that of the moon. 

The vertex or highest point of this arch will be upon his 
meridian, and the two portions into which it will be divided by 

'the meridian will be equal and similar, and will descend to the 
horizon at points equally distant from the meridian. 	The appa- 
rent breadth of this illuminated bow will be greatest upon the 
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Meridian, and it will decrease in descending on either side to-' 
wards the horizon, where it will be least. The division between 
the two rings will be apparent, and, except at places within' 
a very short distance of the equator, the firmament will be' 
visible through it. 

2850. Edges of the rings seen at variable distances from celes-
tial equator.—The distance of the edge of the bow from the 
celestial equator will not be every where the same, as it has 
been erroneously assumed to be. That part of the bow which is 
upon the meridian will be most remote from the celestial equator ; 
and in descending from the meridian on either side towards the 
horizon, the declination of its edge will gradually decrease, so 
that those points which rest upon the horizon will be nearer to 
the equator than the other points. 

2851. Parallels of declination, therefore, intersect them.—It 
follows from this that the parallel of declination which passes 
through the points where the upper edge of the bow meets the 
horizon will lie every where above, and the parallel which passes 
through the point where the upper edge crosses the meridian 
will lie every where below, that edge. 	This necessarily follows 
from the fact, that the declination of the points where the edge 
meets the horizon is less, and that of the point where it meets 
the meridian greater, than that of any other point upon it. 

It appears from this, that all parallels whose declinations are 
greater than those of the points where the edge meets the 
horizon, and less than that of the point where it crosses the 
meridian, must intersect the edge between the horizon and the 
meridian, and must therefore lie below it under the point of 
intersection, and above it over the point of intersection. 

These conditions are equally applicable to each of the edges 
of each of the rings, and will serve to determine in all cases 
those parallels which will intersect them respectively. 

2852. Edges placed symmetrically in relation to meridian 
and horizon.—From the symmetrical position of each of the 
edges, with relation to the meridian and horizon, it will be ap-
parent that the points at which each parallel intersects them will 
be similarly placed on each side of the meridian, having equal 
altitudes and equal azimuths E. and W. 
• 2853. Form of the projection at diArent latitudes.—The'  
general form and position of the bow formed by the projection 
of the rings upon the firmament in each latitude may be. 
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easily determined by elementary geometrical principles. Let p E, 
(fig. 777.) be the quadrant of the meridian of the planet passing 
through the station of the observer o, and let it R' r represent 
one of the edges of the rings reduced by, perspective 

P • 

to an oval, 
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Fig. 777. 

but shown as a circle in the lower figure. 	It will be easily per-, 
ceived, that the visual ray passing through o to it carried round.  
the circle it, it' R", &c., will describe the surface of an oblique 
cone, whose base 
is inclined to 

is the plane of the ring, and whose axis o o 
the base at an angle o c rt, equal to the latitude of 

the station. The projection of the edge of the bow upon the 
firmament will then be the intersection of the surface of this 
oblique cone with the celestial sphere ; and it can be demon- 

1  strated, that the point of this which is most remote from the: 
celestial equator is the projection of the point it, where the 
plane of the meridian intersects the plane of the ring, that 
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the other 
tial equator 
that they 

quadrant 

by the 
let r r' 

of the meridian. 
To_ illustrate 

points of the projection approach nearer to the 
as their distance from the meridian increases, 

have equal declinations at equal distances east 

this still more fully, let N C E, fig. 778., 

celes-
and 

and west 

be a 
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,. 

1 	, 

i .=.- 

... 

its semidiameter. 

Fig. 778. 

of.a meridian of the planet, c being its centre and C E 
Let RR' be a section of the inner ring, made 

plane of the meridian continued through the ring, and 
be a like section of the exterior ring. 
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. 2854. Rings invisible above lat. 63° 20' 38".—If we suppose 
an observer to travel upon the meridian from the pole x, towards 
the equator, it is evident that at first all view of the rings will 
be intercepted by the convexity of the planet. 	If a line be 
drawn from r, the external point of the external ring, touching 
the planet, it can be proved that the point of contact will be at 
the latitude of 63° 20' 38"; and it is evident, that when the ob-
server has descended to this latitude the point r will be in his 
horizon, and consequently at all higher latitudes it will be 
below his horizon, and therefore invisible. 	It appears, there- 
fore, that no part of the outer ring is visible from any latitude 
above 63° 20' 38", and that at this latitude a single point of the 
exterior ring is visible just touching the southern point of the 
horizon. 

2855. Appearance at lat. 59° 20' 25". — If the observer now 
descend to lower latitudes, the exterior ring will begin to rise 
above his horizon at the southern point; and it can be shown 
that when he has descended to the latitude 59° 20' 25", his 
horizon will just touch the inner edge r' of the exterior ring, 
cutting off a segment of that ring, which will be seen above the 
horizon. 

The position of the ring thus visible above the horizon, will 
have the appearance of a lunar segment. 

2856. Appearance at lat. 58° 32' 20".— If the observer con-
tinue to descend to a lower latitude, the ring will continue to 
rise to a greater elevation, and the interval between the rings 
will become visible. 	When he has descended to the lat. 58° 
32' 20" his horizon will just touch the outer edge of the inner 
ring, and a segment of the interval between the rings will be 
visible under the arch of the outer ring, which will appear pro-
jected upon the southern firmament. 

The outer ring, therefore, is presented to the observer in this 
case as a lunar bow spanning the southern firmanent. 	It must 
be remembered that the, declinations of the points at which 
each of the edges intersect the meridian being greater, and the 
declination of the points where they meet the horizon less, than 
that of any intermediate points, all parallels having declinations 

„between these will intersect the edges severally, while all paral-
lels whose declination ia beyond these limits will pass altogether 
above or altogether below them, respectively, as the case may be, 
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inner edge 
the horizon 
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2857. Appearance at lat. 47° 33' 51". — When the 
to this latitude, the horizon will just 

of the inner ring, cutting off a segment of it, 
is the base, the outer ring appearing as a 

in fig. 779.. The same observation 
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2858. Appearance 

Fig. 779. 

of the edges of both rings will 
as in the former case, and certain parallels 

intersect each of the edges of the rings, and 
covered by them. 

at lower latitudes. — In descending 
latitudes, the elevation of the bow formed by 

rings increases; and the lower ring, which 
itself as a mere segment, having the horizon 

assumes the form of a bow, inclosing below 
the firmament, as represented in fig. 780.:  

Fig. 780. 
latitude decreases, the amplitude and elevation 

but its apparent breadth diminishes, 
The obliquity of its several edges to the 
of declination still continues, and it 

intersected by them at every point, so 
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parallels which 
its edges 

interlace it will lie alternately above 
as already described, some parallels, however, 

and below 
lying 

I 

entirely above 
784. 	It 
.diagrams 
parallels, 
lels, which 
At one place 
point crossing 

Fig. 781. 

Fig. 782. 

in jig. 
the 

of the 
paral-
being 

; at one 
at another 

Fig. 783. 
and others entirely below it, as represented 

will be easy to perceive'by this, without rendering 
complicated •by multiplying upon them the•ares 
that they will be curiously interlaced by these 
will pass alternately above and below the rings, 

covered by them, and at another uncovered 
the interval between the rings, and 

   
  



THE•1%IAJOIt PLANETS. 	 407 

lying above or below it; some parallels lying entirely above, 
others entirely below, either ring, while some may be alto- 

.. 

..,.. 

N\ 
\ 	' 

, 
1 au.Y.e.) 9 	 tit 	 V 	VJa,  

Fig 784. 
gether covered by the one ring or the other. 	I have ascer- 
tained,"by an investigation of the dimensions and form of the 
bow in different latitudes, that the only latitudes in which a 

-parallel lies altogether within the interval between the rings 
are those included between the latitudes 58° aid 56°. 	At all 
other hititudes of the planet from which the interval between 
the rings is visible, the parallels which pass between the ring 
will lie partly within the interval, and partly above or below it. 

2859. Occultations of celestial objects by the rings. -. It fol- 
lows, from all this, that, in general, celestial objects are carried 
by their diurnal motion alternately above and below each of the 
edges of the rings; and if a parallel intersects all the edges, 
which happens in many cases, then the object in such a parallel 
will rise below the rings, will pass successively under them: will 
be occulted by each of them, will be visible in crossing the 
interval between them, and will culminate above them, and this 
will take place in precisely the same manner, and at precisely the 
same altitudes and azimuths E. and W. of the meridian, so that 
such an object will be occulted four times by the rings between 
rising and setting, that is to say, twice between the horizon and 
meridian east and west of the latter. 	In rising, it will be first 
_occulted by the inner ring, then passing across the interval will 
be occulted by the outer ring, after which it will culminate clear 
of the rings; and in descending on the west towards the horizon, 
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it will be successively occulted by the outer and inner rings in 
the same manner and at the same altitudes as it was occulted 
before culmination, and will finally set clear of the rings. 

When, as happens in some cases, the parallel which 'comes 
under these conditions falls within the range of the sun's de- 
clination, that is to say, when 	its declination is 	less 	than 
26° 48' 40", the sun, attaining this particular declination, will 
suffer four such eclipses between rising and setting,—two before 
and two after culmination. 

In some cases a parallel of declination will be covered by 
the lower ringat the meridian, but will be clear of it near 
the horizon. 	This will take place when the declination of 
the parallel is greater than that of the points where the lower 
edge of the ring meets the horizon, and less than that of the 
point where it meets the meridian. 	In that case, an object in 
such a parallel will•rise and set clear of the ring, but will he 
occulted by it at culmination. 	Such an object, therefore, will 
be occulted only once between rising and setting. 

t 
 

An object may in like manner be occulted at or a little above 
the horizon by the inner ring, and may culminate in the inter-
val, or it may, after being occulted by the inner ring, pass under 
the outer ring and culminate occulted by it. 

In fine, all these various phenomena, and many others too 
numerous and complicated to be explained here, are manifested 
in the Saturnian firmament, and the sun itself is subject to most 
of them. 	It happens, in some cases, that a certain number of 
parallels of declination are entirely covered by the outer ant 
others by the inner ring, and when the sun is found on any one 
of these parallels it will be eclipsed constantly from rising to 
setting by one or the other ring.  

2860. Zone visible between the rings. — The zone of the 
heavens visible between the rings is found by calculating the 
visual angle subtended at the station of the observer by lines 
drawn to the inner edge of the outer and to the outer edge of 
the inner ring, supposing that the thickness of the outer ring 
bears an inconsiderable proportion to the width of the space 
which separates them; and it is evident that the magnitude of 
this visual angle will gradually and indefinitely decrease as the 

'Observer approaches the equator, inasmuch as the obliquity of 
the visual ray to the plane of the rings indefinitely increases. • 

2861. Effect of the thickness of the rings -on this gone. -If, 
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however, the thickness of the outer ring be supposed to bear 
any considerable ratio to the width of the space between the 
rings, it will intercept a portion of the visual rays included 
within the angle formed by the rays drawn to the edges of the 
two rings, and the effective opening will be found by subtract-
ing the visual angle subtended by the thickness of the outer 
ring from the visual angle subtended by the space between the 
rings ; and since the obliquity of the visual rays bounding the 
former gradually diminishes in approaching the equator, while 
the obliquity of the•  visual rays bounding the latter gradually 
increases, it iS evident that the visual angle subtended by the 
thickness of the outer ring continually increasing will, at some 
certain latitude, become equal to the visual angle subtended by 
the space between the rings, and at that latitude accordingly, 
as well as at all inferior latitudes, the thickness of the outer 
ring will altogether intercept the opening, and no zone of the 
heavens will be visible through it. 	I have found by calculation 
that if 250 miles be admitted as the major limit of the rings, all 
view of the heavens through the opening will be intercepted at 
latitudes below 8° ; and if the probable minor limit of 1.50 miles 
be assumed, all view will be intercepted at and below the lati-
tude of 5°. 

2862. Solar eclipses by the rings. — The principles 	upon 
which.solar eclipses by the rings in each latitude are calculated 
are, therefore, easily understood. 	By comparing the parallel of 
declination of the sun at any time with the parallels of declina-
tion of the points where each of the edges of each of the•rings 
meets the horizon and the meridian, the conditions under which 
it will intersect the edges severally will be determined, and 
hence it will appear that a most curious and interesting body of 
solar phenomena not anticipated in any of the works in which 
the uranography of Saturn has been investigated are brought to 
light. 	In the lower latitudes the sun undergoes at certain 
epochs four eclipses per day, two in the forenoon and two in the 
afternoon, and between each pair of eclipses is seen shining 
through the space between the rings. 	In higher latitudes, at 
certain seasons, it does not emerge from one or other of the rings, 
and suffers only three eclipses, two by one ring and one by the 
other. 	At other latitudes, at certain times, it is only eclipsed 
at rising and setting, and at others only in culminating. 

Our limits, however, preclude us from giving these details, 
tn. 	 T 
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and others not less curious, for which the reader is referred to 
the paper already mentioned. 

2863. Eclipses of the satellites. — The inner satellites being 
in 	the 	plane of the 
rings, they will neces- 

01 sarily be projected on 

0 	 • 	. a zone of the heavens 
01.11 	

--------------N  
outside 	the 	exterior 
ring, and can never he 
intercepted or eclipsed 

Fig. 784. by the rings (fig. 784.). 
The eighth satellite, however, whose orbit has an obliquity 

of 12° or 13° to the plane of the rings, will be eclipsed at those 
latitudes at which the edges of the rings have declinations less 
than those which it attains. 	These eclipses are calculated and 
explained on the same principles exactly as those of the sun, 
2nutatis mutandis. 

2864. Saturnian seasons.—It has been shown (2795) that the 
axis of the planet is inclined to the plane of its orbit at an angle 
of 26° 48' 40", and is, like the axis of the earth, carried parallel 
to itself round the sun. 	The obliquity therefore which, so far 
as the sun is concerned, determines the extremes of the Satur- 
nian seasons, differs by no more than 3° from that of the ecliptic. 
The tropics are parallels of latitude 26° 48' 40" north and south 
of the equator. 	The parallels within which the sun remains in 
winter below the horizon during one or more revolutions of the 
planet are at the latitude 63° 11' 20". 	These circles, therefore, 
affect the Saturnian climatology in the same manner as the 
tropics and polar circles affect that of the earth. 	The slow mo- 
tion of the sun in longitude, and its rapid diurnal motion, how- 
ever, must produce important differences in its effects as com- 
pared with those manifested on the earth. 	While the sun, as 
seen from the earth, changes its longitude at the mean rate of 
very nearly 1° per day, its change of longitude for Saturn is 
little more than 2' per day; and while, as seen in the terres- 
trial firmament, it is carried by the diurnal motion over 1° in 
four minutes, a Saturnian observer sees it move over the same 
space in less than two minutes. 	If the heating and illuminating 
power of the sun be diminished in a high ratio by the greater 
distance of that luminary, some compensation may perhaps arise 
from the rapid alternations of light and darkness. 
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III. Umticus. 
2865. Discovery.— While occupied in one of his surveys of 

the heavens on the night of the 13th March, 1781, the attention 
of Sir William Herschel was attracted by an object which he 
did not find registered in the catalogue of stars,.andt‘hich pre-
sented in the telescope an appearance obviously different front 
that of a fixed star. 	On viewing it with increased magnifying 
powers, it presented a sensible disk ; and after the lapse of some 
days, its place among the fixed stars was changed. 	This 
object must, therefore, be either a comet or a planet ; and Sir 
W. Herschel, in the first instance, announced it as the former. 
When, however, submitted to further and more continued ob-
servation, it was found to move in an orbit nearly circular, 
inclined at a small angle to the plane of the ecliptic, and to have 
a disk sensibly circular. 

It appeared, therefore, to have the characters, not of a comet, 
but a planet revolving outside the orbit of 'Saturn. 	It was 
named the " Georgium 'Sidus" by Sir W. Herschel, in compli-
ment to his friend and patron George III. This name not being 
accepted by foreign astronomers, that of "Herschel" was pro-
posed by Laplace, and to some extent for a time adopted. 
Definitively, however, the scientific world has agreed upon the 
name "Uranus," by which this member of the system is now 
universally designated. 

2866. Period, by synodic motion.—Owing to the great length 
of the period of this planet, those methods of determination 
which require the observation' of one or more complete revo-
lutions could not be applied to it. The synodic period, however, 
or the interval between two successive oppositions, being only 
369.4 days, supplied a means of obtaining a first approximation. 
This gives 

1 	1 	1 	 1 
r — 365.25 	369-10 = 30643' 

which gives a period of 30,643 days. 
2867. By the apparent motion in quadrature. — When a 

planet is in quadrature, its visual direction being a tangent to 
the earth's orbit, its apparent place is not affected by the earth's 
orbital motion. 	In the quadrature which precedes opposition, 
the earth moves directly towards the planet ; and in the quad-
rature which follows opposition, it moves directly from the 
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planet. 	In neither case, therefore, would its motion produce 
any apparent change of place in the planet. 	It follows, there- 
fore, that when a planet is in quadrature, its apparent motion is 
due exclusively to its own motion, and not at all to that of the,, 

 

earth. 	The daily motion of the planet as then observed is, 
therefore, the actual daily increment of its geocentric longitude. 

But-in the case of a planet such as Uranus, or even Saturn, 
whose distance from the sun bears a large ratio to the earth's 
distance, the geocentric motion of the planet will not differ sen-
sibly from the heliocentric motion ; and, therefore, the geocen-
tric daily increment of the planet's longitude observed when in 
quadrature may, to obtain an approximative value of the period, 
be taken as the daily increment of the heliocentric longitude. 
If this increment be expressed by 1, we shall have 

3600. 
P = 

i 
Now, it is found that the apparent daily increment of the planet's 
longitude when in quadrature is 42'423. 	If 360° be reduced to 
seconds, we shall then have 

1296000 
P = 	— 42.23 	30689.  

By more accurate calculation, the periodic time has been deter-
mined at 30,686.82 days, or 84 years. 

2868. Heliocentric motions. — The mean heliocentric motion 
of the planet is therefore, more exactly, 

3 06° 
=4°  17' £3".5 yearly.; 4 

360° 
84 x 12=21' 25".7 monthly; 

1296000 daily. 306F,-yr —42•"233 
2869. Synodic motion.— The mean daily apparent motion of 

the sun being 00.9856, or 3548"16, the mean daily synodic 
motion or increment of elongation of Uranus will be 

3548.16 —42'423 = 3505'493 = 58443 = 00.975. 
The synodic period is therefore, more exactly, 

360 =369.23 days. 
0.975 

The earth, therefore, in 41 days overtakes the planet, after coral 
rleting each sidereal revolution. 	. 
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' 	2870. Distance. — The mean distance r of the planet from 
the sun, determined by the harmonic law, is therefore 

r2  = 842  = 7056, 
r = 19.18. 

The mean distance is therefore 1918 times that of the earth, 
and, consequently, the actual distance is 

' 	95;000,000 x 1918 = 1,822,100,000 miles. 
The distance of Uranus from the sun is therefore 1822 millions 
of miles, and its distance from the earth, when in opposition, is 
therefore 1727 millions of miles. 

The eccentricity of the orbit of 'Uranus being 0.046, these 
— distances are liable to only a very small variation. 

The distance from the sun is increased in aphelion, 
and diminished in perihelion by less than a twentieth 

- ' of its entire amount. 	The plane of the orbit coin- 
cides very nearly with that of the ecliptic. 

2871: Relative orbit and distance from the earth. 
—The relative proportion of the orbits of Uranus 
and the earth are represented in fig. 785., where 
E Et E" is the orbit of the earth, and su the distance 
of Uranus from the sun. 	The four pobitions of the 
earth, corresponding to the opposition, conjunction, 
and quadratures of the planet, are represented as 
in the former cases. 

2872. Annual parallax. — Since su is 19.18 
times 5E, we shall have for the angle 

s u Ei  = 57°-30- 3° 19.18 
The diameter of the earth's orbit, measuring as it 
does nearly 200 millions of miles, therefore sub-
tends at Uranus a visual angle of only 6°; and a 
globe which would fill it, seen from the planet, 
would have an apparent diameter only twelve times 
greater than that of the moon. 

2873. Vast scale of the orbital motion.—The 
distance of Uranus from the sun being above nine- 

. _ 	teen times that of the earth, and the earth being at 
---___ 	such a distance that light,,moving at the rate of 
Pig. 785. 	nearly 200,000 miles per second, takes about eight 
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minutes to come from the sun to the earth ; it follows that it will 
take 19 x 8 = 152 minutes, or two hours and a half, to move 
from the sun to Uranus. 	Sunrise and sunset are, therefore, not 
perceived by the inhabitants of that planet for two hours,  and a 
half after they really take place, for the sun does not appear to 
rise or set until the light moving from it, at the moment it touches 
the plane of the horizon, reaches the eye of the observer. 

The diameter of the orbit of Uranus measuring, in round 
'numbers, 3600 millions of miles, its circumference measures 
11,300 millions of miles, over which the planet moves in 30,687 
days. 	Its mean daily motion is therefore 368,000 miles, and its 
hourly motion, consequently, about 15,300 miles. 

2874. Apparent and real diameters. — The apparent dia.- 
meter of Uranus in opposition exceeds 4" by a small fraction. 
At.  the distance of the planet from the earth, in that position, 
the linear value of 1" is 

1757000000 — 8421 miles. 
206265 

The actual diameter of the planet is therefore 	
., 

8421 x 4.1 = 34,526 miles, 
being about half that of Saturn, and a little more than 44 times 
that of the earth. 

2875. Surface and 'volume. —The surface of Uranus is 
therefore 19 times, and its volume 82 times, that of the earth. 

2876. Diurnal rotation and physical character of surface 
unascertained. — The vast distance of this planet, and its con- 
sequent small apparent magnitude and faint illumination, have 
rendered it hitherto impracticable to discover any indications 
of its diurnal rotation; the existence of an atmosphere, or any of 
the other physical characters which the telescope has disclosed 
in the case of the nearer of the great planets. 

2877. Solar light and heat. — The apparent diameter of the 
_ sun, as seen from Uranus, is less 

than as seen from the earth in 
the ratio of 1 to 19. 	The mag- 
nitude of the sun's disk at the 

E • ' 

1110 • 

earth being supposed to .be re- 
presented by E, fig. 786., 	its 
magnitude seen from Uranus 
would be u. 	• 

Fig. 786. . The illuminating and warming 
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;powers of the solar rays, under the same physical conditions, are 
therefore 192  = 361 times less at Uranus than at the earth. 

2878. Suspected rings. — It was at one time suspected by 
Sir W. Herschel that this planet was surrounded by two systems 
of rings with planes at right angles to each other. 	Subsequent 
observation has not realised this conjecture. 

2879. Satellites.— It has been ascertained that Uranus, like 
the other major planets, is attended by a system of satellites, 
the number of which is not yet certainly determined, and 
.which, from the great remoteness of the Uraniun system, cannot 
be seen at all except by the aid of the most perfect and powerful 
telescopes. 

Sir W. Herschel, soon after discovering this planet, announced 
the existence of a system of six satellites attending it, having 
the periods and distances expressed in the following Table:— 

Order. 
Period. Distances in 

send.d.amerers et 
Hams. D. 	H. 	M. 	S. 

I 
2 
3 
4 
5 
6 

	

4 	7 

	

2 	16 	86 	314 

	

10 	23 	7 

	

13 	II 	 7 	12-6 

	

38 	2 	7 

	

107 	12 	? 

7 
17•0 
19 8 ? 
22-8 
45.3 7 

, 	91.0 ? 

Subsequent observations have confirmed this discovery so far 
only as relates to the four inner satellites. 	The fifth and sixth 
not having been re-observed, notwithstanding the vast improve-
ment which has taken place in the construction of telescopes, 
and the greatly multiplied number and increased activity and 
zeal of observers, must be considered, to say the least, as pro-
blematical. 

Of the four which have been re-observed, the second and 
fourth are by far the most conspicuous, and their distances and 
periods have been ascertained with all desirable accuracy and 
certainty. 	The first was re-observed by Mr. Lassell at Liver- 
pool, and by M. Otto Struve at Dorpat, in 1847. 	The fourth 
was observed about the same time by Mr. Lassen. 

2880. Anomalous inclination of their orbits.— Contrary to 
the law which prevails without any other exception in the 
motions of the bodies of the solar system, the orbits of the 
satellites or Uranus are inclined to the plane of the orbit of the 
planet, and therefore to that of the -ecliptic, at an angle of 
78° 58, being little less than a right angle, and their motions 

r 4 

   
  



418 	 ASTRONOMY. 

in these orbits are retrograde, that is to say, their longitudes as 
seen from Uranus continually decrease. 

When the earth has such a position that the visual direction 
is at right angles to the line of nodes, the angle under the plane 
of the orbit and the visual line will be 78° 58'; and in certain 
positions of the planet they will be seen, as it were, in plan. 
Being nearly circular, the satellites will in such a position be 
Nisible revolving round the primary throughout their entire 
orbits, the projections not sensibly differing from circles. 

2881. Apparent motion and phases as seen from Uranus. — 
The diurnal rotation and the direction of the axis of the planet 
being unascertained, the inclination of the orbits to the planet's 
equator is consequently unknown. 	It appears, however, that 
all the orbits have the same line of nodes, and are in a common 
plane or nearly so. 	Twice in each revolution of the planet 
this plane passes through the sun, when the satellites exhibit 
the same succession of phaSes to the planet as the moon presents 
to the earth, except so far as they are modified by the effects of 
the diurnal parallax, which are considerable, especially in the 
case of the nearer satellites. 

Twice in each revolution of the planet, at epochs exactly in-
termediate between the former, the line of nodes being at right 
angles to the line joining the sun and planet, the plane of the 
satellites' orbits is nearly perpendicular to the same line. 	In 
this case the satellites, during their entire revolution, suffer no 
other change of phase than what may be produced by the 
diurnal parallax, and appear continually with the same phases 
as that which the moon presents at the quarters. 

In the intermediate position of the planet a complicated va-
riety of phases will be- presented, which may be traced and 
analysed by giving due attention to the change of direction of 
the line of nodes of the satellites' orbits to the line joining the 
planet with the sun. 

2882. Mass and density .of Uranus. — Some uncertainty 
still attends the determination of the elements of these more 
distant and recently discovered planets. 	The mass and density 
of Uranus are only provisionally determined. 	The mass is as- 
sumed to be the 24,900th part of that of the sun, and the 

ti density the sixth of that of the earth. 
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Fir. NEPTUNE. 

2883. Discovery of Neptune. — The discovery of this planet 
constitutes one of the most signal triumphs of mathematical 
science, and marks an era which must be for ever memorable 
in the history of physical investigation. 
• If the planets were subject only to the attraction of the sun, 
they would revolve in exact ellipses, of which the sun would be 
the common focus; but being also subject to the attraction of 
each other, Which, though incomparably more feeble than that 
of the presiding central mass, produces sensible and measur-
able effects, consequent deviations from these elliptic paths, 
called PERTURBATIONS, take place, which will be more fully 
explained in a subsequent chapter. 	The masses and relative 
motions of the planets being known, these disturbances can be 
ascertained with such accuracy that the position of any known 
planet at any epoch, past or future, can be determined with the 
most surprising degree of precision. 

If, therefore, it should be found, that the motion which a 
planet is observed to have is not in accordance with that which 
it ought to have, subject to the central attraction' of the sun, 
and the disturbing actions of the surrounding planets, it must 
be inferred that some other disturbing attraction acts upon it, 
proceeding from an undiscovered cause, and, in this case, a 
problem novel in its form and data, and beset with difficulties 
which might well appear insuperable, is presented to the phy- 
sical astronomer. 	If the solution of the problem, to determine 
the disturbances produced upon the orbit of a planet by another 
planet, whose-  mass and motions are known, be regarded as a 
stupendous achievement in physical and mathematical science, 
how much more formidable must not the converse question be 
regarded, in which the disturbances are given to find the planet ! 

Such was, nevertheless, the problem of which the discovery 
of Neptune has been the astonishing solution. 

Although no exposition of the actual process by which this 
great intellectual achievement has been effected, could be com-
prehended without the possession of an amount of mathematical 
knowledge' far exceeding that which is expected from the 
readers of treatises much less elementary than *the present 
volume, we may not be altogether unsuccessful in attempting 
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to illustrate the principle on which an investigation, attended 
with so surprising a result, has been based, and even the 
method upon which it has been conducted, so as to strip the 
proceeding of much of that incomprehensible character which, 
in the view of the great mass of those who consider it without 
being able to follow the steps of the actual investigation, is 
generally attached to it, and to show at least the spirit of the 
reasoning by which the solution of the problem has been accom-
plished. 

For this purpose, it will be necessary, first, to explain the 
nature and character of those disturbances which were observed 
and which could not be ascribed to the attraction of any of the 
known planets ; and, secondly, to show in what manner an un-
discovered planet revolving outside the known limits of the 
solar system could produce such effects. 

2884. Unexplained disturbances observed in the motion of 
Uranus. — The planet Uranus, revolving at the extreme limits 
of the solar system, was the object in which were observed those 
disturbances which, not being the effects of the action of any of 
the known planets, raised the question of the possible existence 
of another planet exterior to it, which might produce them. 

After the discovery of the planet by Sir W. Herschel, in 
1781, its motions, being regularly observed, supplied the data 
by which its elliptic orbit was calculated, and the disturbances 
produced upon it by the masses of Jupiter and Saturn ascer-
tained, the other planets of the system, by reason of their re-
moteness, and the comparative minuteness of their masses, not 
producing any sensible effects. 	Tables founded on these re- 
sults were computed, and ephemerides constructed, in which 
the places at which the planet ought to be found from day to 
day for the future were duly registered. 

The same kind of calculations which enabled the astronomer 
thus to predict the future places of the planet, would, as is evi-
dent, equally enable him to ascertain the places which had been 
occupied by the planet in times past. 	By thus examining, re- 
trospectively, the apparent course of the planet over the firma-
ment, and comparing its computed places at particular epochs 
with those of stars which had been observed, and which had 
subsequently disappeared, it was ascertained that several of 
these stars .had in fact been Uranus itself, whose planetary 
character had not been recognised from its appearance, owing 
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to the imperfection of the telescopes then in use, nor from its 
apparent motion, owing to the observations not having been 
sufficiently continuous and multiplied. 

In this way it was ascertained, that Uranus had been ob-
served, and its position recorded as a fixed star, six times. by 
Flamstead ; viz., once in 1690, once in 1712, and four times in 
1715; —once by Bradley in 1753, once by Mayer in 1756, and 
twelve times by Lemonnier between 1750 and 1771. 

Now, although the observed positions of .these objects, com-
bined with their subsequent disappearance, left no doubt what-
ever of their-identity with the planet, their observed places 
deviated sensibly from the places which the planet ought to 
have bad according to the computations founded upon its 
motions after its discovery in 1781. 	If these deviations could 
lave been shown to be irregular and governed by no law, they 
would be ascribed to errors of observation. 	If, on the other 
hand, they were found to follow a regular course of increase and 
'decrease in determinate directions, they would be ascribed to 
the agency of some undiscovered disturbing cause, whose action 
at the epochs of the ancient observations was different kom its 
action at more recent periods. 

The ancient observations were, however, too limited in numb 
ber and too discontinuous to demonstrate in a satisfactory 
manner the irregularity or the regularity of the deviation. 
Nevertheless, the circumstance raised much doubt and misgiving 
in. the mind of Bouvard, by whom the tables of Uranus, based 
upon the modern observations, were constructed; and he stated 
that he would leave to futurity .the decision of the question 
whether these deviations were due to errors of observation, or 
to an undiscovered disturbing agent. 	We shall presently be 
enabled to appreciate the sagacity of this reserve. 

The motions of the planet continued to be assiduously ob-
served, and were found to be in accordance with the tables for 
about fourteen years from the date of the discovery of the 
planet. 	About the year 1795, a slight discordance between the 
tabular and observed places began to be manifested, the latter 
being a little in advance of the former, so that the observed 
longitude L of the planet was greater than the tabular longitude 
L'. 	After,this, from year to year, the advance of the observed 
upon the tabular place increased, so that the excess 1.-11 
of the observed above the tabular longitude was continually 
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augmented. This increase of L.-11 continued until 1822, when 
it became stationary, and afterwards began to decrease. 	This 
decrease continued until .about 1830-31, when the deviation 
L — L' disappeared, and the tabular and observed longitudes again 
agreed. 	This accordance, however, did not long prevail. 	The 
planet soon began to fall behind its tabular place, so that its 
observed longitude L, which before 1831 was greater than the 
tabular longitude tf, was now less; and the distance L'—L of the 
observed behind the tabular place increased from year to year, 
and still increases. 

It appears, therefore, that in the deviations of the planet 
from its computed place, there was nothing irregular and 
nothing compatible with the supposition of any cause depending 
on the accidental errors of observation. 	The deviation, on the 
contrary, increased gradually in a certain direction to a certain 
point; and having attained a maximum, then began to decrease, 
which decrease still continues.  

The phenomena must, therefore, be ascribed to the regular 
ngency of some undiscovered disturbing cause. 

2885. A planet exterior to Uranus would produce a like 
ef fect. — It is not difficult to demonstrate that deviations from 
its computed place, such 'as those described above, would 
be produced by a planet revolving in an orbit having the same 
or nearly the same plane as that of Uranus, which would be in 
heliocentric conjunction with that planet at the epoch at which 
its advance beyond its computed place attained its maximum. 

Let A B C D E F, fig. 787., represent the arc of the orbit of 
Uranus described by the pla- 
net during the manifestation 
of the perturbations. Let N N' 

q_ ._,_, 
. 	. 	- 

i 	c represent the orbit of the sup- 
,/' posed undiscovered planet in 
,the same plane with the orbit 

1 	., 	k 	 1 '̀   

• , \ 

\ 

of Uranus. 	Let a, b, c, d, e, 
and f be the positions of the 
latter when Uranus is at the 
points A, B, C, D, E, and F. 	It 

- 	- is, therefore, supposed 	that 
Uranus when at Djs in hello- 

F.g. 787. centric conjunction with the 
supposed planet, the latter being then at d. 

The directions of the orbital motions of the two planets are 
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indicated by the arrows beside their paths; and the directions of 
the disturbing forces* exercised by the supposed planet on 
Uranus are indicated by the arrows beside the lines joining that 
planet with Uranus. 

Now, it will be quite evident that the attraction exerted by 
the supposed planet at a on Uranus at A tends to accelerate the 
latter. 	In like manner, the forces exerted by the supposed 
planet at 6 and c upon Uranus at a and c tend to accelerate it. 
But as Uranus approaches to D the direction of the disturbing 
force, being less and less inclined to that of the orbital motion, 
has a less and, less accelerating influence, and on arriving at n, 
the disturbing force being in the direction D d at right angles to 
the orbital motion, all accelerating influence ceases. 

After passing D the disturbing force is inclined against the 
motion, and instead of accelerating retards it ; and as Uranus 
takes successively the positions Fy F, &c. it is more and more 
inclined, and its retarding influence more and more increased, 
as will be evident if the directions of the retarding force and 
the orbital motion, as indicated by the arrows, be observed. 

It is then apparent, that from A to n the disturbing force, 
accelerating the orbital motion, will transfer Uranus to a 
position in advance of that which it would otherwise have occu-
pied; and after passing n, the disturbing force retarding the 
planet's motion will continually reduce this advance, until it 
bring back the planet to the place it would have occupied had 
no disturbing force acted ; after which, the retardation being 
still continued, the planet will fall behind the place it would 
have had if no disturbing force had acted upon it. 

Now it is evident that these are precisely the kind of dis-
turbing forces which act upon Uranus ; and it may, therefore, 
be inferred that the deviations of that planet from its computed 
place are the physical indications of the presence of a planet 
exterior to it, moving in an orbit whose plane either coincides 
with that of its own orbit or is inclined to it at a very small 
angle, and whose mass and distance are such as to give to its 
attraction the degree of intensity necessary to produce the 
alternate acceleration and retardation which have been observed. 

• To simplify the explanation, the effect of the attraction of Uranus on the 
sun is omitted in this illustration. 	In the chapter on Perturbations the 
method of determining the exact direction of the disturbing force will be 

• explained. 
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' Since, however, the intensity of the disturbing force depends 
'conjointly on the quantity of the disturbing mass and its dis-
tance, it is easy to perceive that the same disturbance may arise 
from different masses, provided that their distances are so 
varied as to compensate for their different weights or quaiitities 
of matter. 	A double mass at a fourfold distance will exert pre- 
cisely the same attraction. 	The question, therefore, under this 
point of view, belongs to the class of indeterminate problems, 
and admits of an infinite number of solutions. 	In other words, 
an unlimited variety of different planets may be assigned ex-
terior to the system which would cause disturbances observed 
in the motion of Uranus, so nearly similar to those observed as 
to be distinguishable from them only by observations more ex-
tended and elaborate than any to which that planet could 
possibly have been submitted since its discovery. 

2886. Researches of Messrs. Le Verrier and Adams. —The 
idea of taking these departures of the observed from the com-
puted place of Uranus as the data for the solution of the pro-
blem to ascertain the position and motion of the planet which 
could cause such deviations;- occurred, nearly at the same time, 
to two astronomers, neither of whom at that time had attained 
either the age or the scientific standing which would have 
raised the expectations of achieving the most astonishing dis-
covery of modern times. 

M. Le Verrier, in Paris, and Mr. J. C. Adams, Fellow and 
Assistant Tutor of St. John's College, Cambridge, engaged in 
the investigation, each without the knowledge of what the other 
was doing, and believing that he stood alone in his adventurous 
and, as would then have appeared, hopeless attempt. 	Never- 
theless, both not only solved the problem, but did so with a 
completeness that filled the world with astonishment and ad-
miration, in which none more ardently shared than those who, 
from their own attainments, were best qualified to appreciate 
the difficulties of the question. 

The question, as has been observed, belonged to the class of 
indeterminate problems. 	An infinite number of different planets 
might be assigned which would be equally capable of producing 
the observed disturbances. 	The solution, therefore, might be 
theoretically correct, but practically unsuccessful. 	To strip the 
question as far as possible of this character, certain conditions 
were assumed, the existence of which might be regarded as in 
the highest degree probable. 	Thus, it was assumed that the dis- 
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turbine planet's orbit was in or nearly iti-  the plane ar that of .  
Uranus, and therefore in that of the ecliptic; that its motion in' 
this orbit was in the same direction as that of all the other 
planets of the system, that is, according to the order of the 
signs; that the orbit was an ellif4e of :very_small eccentricity; 
and, in fine, that its mean distance from the sun was, in accord-
ance with the general progression of distandes noticed by Bode, 
nearly double the mean distance of Uranus. 	This last con-. 
dition, combined with the harmonic law, gave the inquirer the 
advantage of the knowledge of the period, and therefore of the 
mean heliocentric motion. 

Assuming all these conditions as provisional data, the problem 
was reduced to the determination, at least as a first approxima-
tion, of the mass of the planet and its place in its orbit at a 
given epoch, such as would be capable of producing the observed 
alternate acceleration and retardation of Uranus. 

The determination of the heliocentric place of the planet at a 
given epoch would have been materially facilitated if the exact 
time at which the amount of the advance (L — L') of the ob-
served upon the tabular place of the planet had attained its 
maximum were known; but this, unfortunately, did not admit of 
being ascertained with the necessary precision. 	When a vary- 
ing quantity attains its maximum state, and, after increasing, 
begins to diminish, it is stationary for a short interval ; and it 
is always a matter of difficulty, and often of much uncertainty, 
to determine the exact moment at which the increase ceases and 
the decrease commences. 	Although, therefore, the heliocentric 
place of the disturbing planet could be nearly assigned about 
1822, it could not be determined with the desired precision. 

Assuming, however, as nearly as was practicable, the longi-
tude of Uranus at the moment of heliocentric conjunction with 
the disturbing planet, this, combined with the mean motion of 
the sought planet, inferred from its period, would give a rough 
approximation to its place for any given time. 

2887. Elements of the sought planet assigned by these geo-
meters. --Rough approximations were.not, however, what MM. 
Le Verrier and Adams sought. 	They aimed at more exact 
results; 	and, after investigations involving all the resources 
and exhausting all the vast powers of analysis, these eminent 
geometers arrived at the following elempnts of the undiscovered 
Planet : — 
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Le Vanier. Adams. 

Epoch of the elements 	- 	. 	. 	. I Jan. 1047. 	• I Jan. 1846. 
Mean longitude at the epoch 	• 	. 	- 318° 47'1 323° 2' 
Mean distance of planet from sun 	• 	. 3:•1539 37•2474 
Eccentricity of the orbit 0'107610 0.120616 
Longitude of perihelion 	 . 284° 45"8 299° II' 
Mass (sun m 1) . 	. 	. 	- 	- 0'00010727 0'0015003 

2888. Its actual discovery/ by Dr Galle of Berlin.—On the 
23rd of September, 1846, Dr. Galle, one of the astronomers of 
the Royal Observatory at Berlin, received a letter from M. Le 
Verrier, announcing to him the principal results of his calcu- 
lations, informing him that the longitude of the sought planet 
must then be '326°, and requesting him to look for it. 	Dr. 
Galle, assisted by Professor Encke, accordingly did "look for 
it," and found it that very night. 	It appeared as a star of 
the 8th magnitude, having the longitude of 326° 52', and con- 
sequently only 52' from the place assigned by M. Le Verrier. 
The calculations of Mr. Adams, reduced to the same date, gave 
;or its place 329° 19, being 2° 27' from the place where it was 
actually found.  2889. Its predicted and observed places in near proximity. 

—To illustrate the relative proximity of these 
remarkable predictions to the actual observed 
place, let the are of the ecliptic, from long. 323° 
to long. 330°, be represented in fig. 788. 	The 
place assigned by M. Le Verrier for the sought 
planet is indicated by the small circle at 1., that 
assigned by Mr. Adams by the small circle at Al  

and the place at which it was actually found by 
,26o i. the dot at x. 	The distances of L and A from N 

may be appreciated by the circle which is de- 
around the dot N, and which represents o scribed 

the apparent disk of the moon. 
The distance of the observed place of the planet 

from the place predicted by M. Le Verrier was 
less than two diameters, and from that predicted 

32 
by Mr. Adams less than five diameters, of the 
lunar disk. 

o A 2890. Corrected elements of the planet's orbit. 
—In obtaining the elements given _above, Mr. 

_ Adams based his calculations on the observations 
Fig. 788. of Uranus made up to 1840, while the calcu- 
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lations of M. Le Verrier were founded on Observations con• 
tinued to 1845. 	On subsequently taking into computation the 
five years ending 1845, Mr. Adams concluded that the mean 
distance of the sought planet would be more exactly taken at 
33.33. 

After the planet had been actually discovered, and observa- 
tions of sufficient continuance were made upon it, the following 
proved to be its more exact elements : — 

Greenwich. 

Epoch of the eleMents 	• 	- 	- 	- 1 Jan. 1817. M. Noon. 
Mean longitude of epoch - 	- 3280  32' 	44"1. 
Mean distance from sun 	. 	- 	- 	- 31-0367. 
Eccentricity of orbit 	• 	- 	. 	- 	• 0.00871946. 
Longitude of perihelion 	- 	- 	- 	- 

	

ascending node 	• 	• 	- 
470 	12' 	6"•50. 
1300 	4' 	20".131, 
10 	46' 	58".97., Inclination of orbit 

Periodic time 	• 	• 	- 	- 164'6181 years. 
Mean annual motion 	• 	- 	. 	- 2018668. 

2891. Discrepancies between the actual and predicted ele- 
ments explained. — Now it will not fail to strike every one who 
devotes the least attention to this interesting question, that 
considerable discrepancies exist, not only between the elements 
presented in the two proposed solutions of this problem, but 
between the actual elements of the discovered planet and both 
of these solutions. There were not wanting some who, viewing 
these discordances, did not hesitate to declare that the dis- 
covery of the planet was the result of chance, and not, as was 
claimed, of mathematical reasoning, since, in fact, the planet 
discovered was not identical with either of the two planets 
predicted.  

To draw such a conclusion from such premises, however, 
betrays a total misapprehension of the nature and conditions of 
the problem. 	If the problem had been determinate, and, con- 
sequently, one which admits of but one solution, then it must 
have been inferred, either that some error had been committed 
in the calculations which caused the discordance between the 
observed and computed elements, or that the discovered planet 
was not that which was sought, and which was the physical 
cause of the observed 	disturbances of Uranus, 	But 	the 
problem, as bas been already explained, being more or less 
indeterminate, admits of more than one, —nay, of an indefi- 
nite number of different solutions, so that many different planets 
might be assigned which would equally produce the disturb• 
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ances which had been observed; and this being so, the dis,- 
eordance between the two sets of predicted eements, and 
between both of them and the actual elements, are nothing more 
Than might have been anticipated, and which, excepts by a 
chance against which the probabilities were millions to one, 
were, in fact, inevitable. 
• So far as depended on reasoning, the prediction was verified; 
so far as depended on chance, it failed. 	Two planets were as- 
-signed, both of which lay within the limits which fulfilled the 
conditions of the problem. 	Both, however, differed from the 
true planet in particulars which-did not affect the conditions of 
the problem. 	All three were circumscribed within those limits, 
and subject to such conditions-  as would' make them produce 
those deviations or disturbances which were observed in the 
motions of Uranus, and which formed the immediate subject of 
the problem. 	 . 
- 	2892. Comparison of the ef fects of the real and predicted 
planets.—It may be satisfactory to render this still more clear, 
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by exhibiting in immediate juxtaposition the, motions of the 
hypothetical planets of MM. Le Verrier and Adams and the 
planet actually discovered, so as to make it apparent that any 
one of the three, under the supposed conditions, would produce 
the observed disturbances. We have accordingly attempted this 
in fig. 789., where the orbits of Uranus, of Neptune, and of the 
planets assigned by MM. Le Verrier and Adams are laid down, 
with the positiobs of the planets respectively in them for every 
fifth year, from 1800 to 1845 inclusively. 	This plan is, of 
course, only roughly made; but it is sufficiently exact for the 
purposes of the present illustration. 	The places of Uranus are 
marked by 0, those of Neptune by 0, those of M. Le Verrier's 
planet by e, and those of Mr. Adams's planet by EF. 

It will be observed that the distances of the two planets as,  
signed by MM. Le Verrier and. Adams, as laid down in the 
diagram, differ less from the distance of the planet Neptune 
than the mean distances given in their elements differ from the 
mean distance of Neptune. 	This is explained by the eecen,  
tricities of the orbit, which, in the elements of both astrono-
mers, are considerable, being nearly an eighth in one and a 
ninth in the other, and by the positions of the supposed planets 
in their respective orbits. 

If the masses of the three planets were equal, it is clear that 
the attraction with which Le Verrier's planet would act upon 
Uranus, would be less than that of the true planet, and that 
of Adams's planet still more so, each being less in the same ratio 
as the square of its distance from Uranus is greater than that 
of Neptune. 	But if the planets are so adjusted that what is 
lost by distance is gained by the greater masses, this will be 
equalised, and the supposed planet will exert the same disturb-
ing force as the actual planet, so far as relates to the effects of 
variation of distance. It is true that, throughout the arcs of the 
orbits over which the observations extend, the distances of the 
three planets in simultaneous positions are not every where in 
exactly the same ratio, while their masses must necessarily be 
so; and, therefore, the relative masses, which would produce 
perfect compensation in one position, would not do so in others. 
This cause of discrepancy would operate, however, under the 
actual concfitioni of the problem, in a degree altogether.inconsi- 
derable, if not insensible. 	 . 

But another cause of difference in the disturbing action of the 
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real and supposed planets would arise from the fact that the 
directions of the disturbing forces of all the three planets are 
different, as will be apparent on inspecting the figure, in which 
the degree of divergence of these forces at each position of the 
planets is indicated; but it will be also apparent that this di-
vergence is so very inconsiderable that its effect must be quite 
insensible in all positions in which Uranus can be seriously 
affected. 	Thus, from 1800 to 1815, the didtrgence is very 
small. It increases from 1815 to 1835; but it is precisely here, 
near the epoch of heliocentric conjunction, which took place in 
1822, that all the three planets cease to have any direct effect 
in accelerating the motion of Uranus. 	When the latter planet 
passes this point sufficiently to be sensibly retarded by the 
disturbing action, as is the case after 1835, the divergence 
again becomes inconsiderable. 

From these considerations it will therefore be understood, 
that the disturbances of the motion of Uranus, so far as these 
were ascertained by observation, would be produced without 
sensible difference, either by the actual planet which has been 
discovered, or by either of the planets assigned by MM. Le 
Verrier and Adams, or even by an indefinite number of others 
which might be assigned, either within the path of Neptune, 
or between it and that of Adams's planet, or, in fine, beyond 
this—within certain assignable limits. 

2893. _No part of the merit of this discovery ascribable to 
chance. — That the planets assigned by MM. Le Verrier and 
Adams are not identical with the planet to the discovery of 
which their researches have conducted practical observers is, 
therefore, true; 	but it is also true that, if they or either of 
them had been identical with it, such excessive amount of 
agreement would have been purely accidental, and not at all 
the result of the sagacity of the mathematician. 	All that 
human sagacity could do with the data presented by observation 
was done. 	Among an indefinite number of possible planets 
capable of producing the disturbing action, two were assigned, 
both of which were, for all the purposes of the inquiry, so nearly 
coincident with the real planet as inevitably and immediately 
to lead to its discovery. 

1 	2894. Period.— After a complete revolution of the earth, 
Neptun is found to ad7ance in its course no more than 2°.18; 
and conse 	y its period is—. 
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P = 	60 =164.6 164-6 3
187 

years, 23187 

or, more exactly, 164.618 years. 
2895. Distance. — Its mean distance R, therefore, may be 

determined by the harmonic law : 

R3  = (164.6)2  = 27093 =(30-04)3. 

2896. Relative orbits and distances of Neptune and the 
earth. —It appears, then, in fine, that the system , 

"1- 	, 
c!, 	''Y 

possesses another member still more remote from 
the common centre of light, heat, and attraction. 

-- ' In fig: 790. the earth's orbit is represented at En"'; 
and a part of that of Neptune, on the same scale, 
is represented at N. 	The actual distance of Dr from 
s is thirty times that of E from s. 

The mean distance of Neptune from the sun is, 
therefore, 

2,850,000,000 miles. 

2897. Apparent and real diameter. — The apps, 
rent diameter of the planet, seen when in oppo, 
sition, is about 2"8. 	Its distance from the earth 
being, then, 	 . 

2850 — 95 = 2755 mill. miles, 
and the linear value of 1" at this distance being 

2755°000°° — 13,313 miles, 
206265 

the actual diameter of the planet will be 
13313 x 2.8 = 37276 miles. 

The diameter of the planet is, therefore, a little 
greater than that of Uranus, about half that of Sa-
turn, and about four and a half times that of the 

-' earth. 
Fig. 790. According to Mr. Hind, the apparent diameter 

is only 2.6, Ind the real diameter 31,000 miles, numbers which, 
he says, are deduced from careful measurements with some of 
the most powerful European telescopes, 
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2898. Satellite of Neptune. —A satellite of this planet was 
discovered by Mr; Lassell in October, 1846, and was after-
wards observed by other astronomers both in Europe and the 
United States. 	The first observations then made raised,  some 
suspicions as to the presence of another satellite as well as of a 
ring analogous to that of Saturn. 	Notwithstanding .the nume- 
rous observers, and the powerful instruments which have been 
directed to the planet since the date of these observations, 
nothing has been detected which has had any tendency to 
confirm these suspicions. 

The existence of the satellite first seen by Mr. Lassell has, 
however, not only been fully established, but its motion, and 
the elements of its orbit, have been ascertained, first by the 
observations of M. 0. Struve in Sept. and Dec. 1847, and later 
and more fully by those of his late relative M. Auguste Struve, 
in 1848-9. 

From these observations it appears that the distance of the 
satellite from the planet at its greatest elongation subtends an 
angle of 18" at the sun; and since the diameter of ,the planet 
subtends an angle of 2.8 at the same distance, it follows, 
therefore, that the distance of the satellite from the centre of 
the planet is equal to fourteen semidiameters of the latter. 

The mean daily angular motion of the satellite round the 
centre of the planet is, according to the observations of Struve, 
61°•2625, and consequently the period of the satellite is 

360 
61.2625 — 5 8763 days, 

or 5d- 21h. 1.8m•, a result which is subject to an error not 
exceeding 5 minutes. 
• If the semidiameter of the planet be 18,750 miles, the actual 
distance of the satellite is 

18,750 x 12 = 225,000 miles, 

being a little less than the distance of the moon from the 
earth's centre. 

2899. Mass and density.—This discovery of a satellite has 
'supplied the means of determining the mass, and therefore the 

i• density, of the planet. 	M. Struve, calculating by Cae principles 
already explained, has found that the mass of Neptune is the 
14,446th part of the mass of the sun ;,.and since its diameter is 
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about the 20th, and its volume the 8000th, part of that of the 
sun, its density will be about Sve•ninths that of the sun, and 
about the seventh part of the density of the earth. 

Other estimates make the mass less. 	According to Professor 
Bond it is the 19,400th, and according to Mr. Hind the 17,900th, 
of the mass of the sun. 

2900> Apparent magnitude of the sun at Neptune.—The 
apparent diameter of the sun, as seen from Neptune, being 30 
times less than from the earth, is, 

1800" 
30 	— 60". 

The sun, therefore, appears of the same magnitude as Venus 
seen as a morning or evening star. 

The relative apparent magnitudes are exhibited in fig. 791. at 
...E and N. 

• N 

Fig. 791. . 	 : 
It would, however, be a great mistake to infer that the light 

of the sun at Neptune approaches in any degree to the faintness 
of that of Venus at the earth. 	If Venus, when that planet 
appears as a morning or evening star, with the apparent dia- 
meter of 60", had a full disk (instead of one halved or nearly 
so, like the moon at the quarters), and if the actual intensity 
of light on its surface were equal to that on the surface of the 
sun, the light of the planet would be exactly that of the sun at 
Neptune. 	Bat the intensity of the light which falls on Venus 
is less than the intensity of the light on the sun's surface in the 
ratio of the square of Venus' distance to that of the sun's semi- 
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diameter, upon the supposition that the light is propagated ' 
according to the same law as if it issued from the sun's centre ; 
that is, as the square of 37 millions to the square ,of half a 
million nearly, or as 372  : 1, that is, as 5476 to 1. 	If, therefore, . 
the surface of Venus reflected (which it does not) all the light ' 
incident upon it, its apparent light at the earth (considering 
that little more than half its illuminated surface is seen) is about, 
11,000 times less than the light of the sun at Neptune' 

Small, therefore, as is the apparent magnitude of the sun at 
Neptune, the intensity of its daylight is probably not less than 
that which would be produced by about 20,000 stars shining,  
at once in the firmament, each being equal in splendour to Venus 
when that planet is brightest. 

In addition to these considerations, it must not be forgotten 
that all such estimates of the comparative efficiency of the illu-i 
minating and heating power of the sun'is based upon the sup-I 
position that his light is received under like physical conditions; 
and that many conceivable modifications in the physical state of 
the body or medium on or into which the light falls,'and in the 
structure of the visual organs which it affects, may render light 
of an extremely feeble intensity as efficient as much stronger 
light is found to be under other conditions. 

2901. Suspected ring of Neptune. — Messrs. Lassell and 
Challis have at times imagined that indications or some such 
appendage as a ring, seen nearly edgewise, were perceptible upon 
the disk of Neptune. 	These Conjectures have not yet received 
any confirmation. 	When the declination of the planet will have 
so far increased as to present the ring, if such an appendage be 
really attached to the planet, at a less oblique angle to the 
visual ray, the question will probably be decided. 
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