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NOTE TO THE THIRD EDITION.

IN preparing this Edition, it has not been considered necessary
to make any serious alteration in the material or arrangement
adopted in the Second Edition. We have, however, given the
work a careful revision. In conformity with the opinion of our
leading astronomers, the mean equatorial horizontal parallax of
the sun has now been authoritatively increased from 85776 to
8"'94. The modification of this standard element in astronomy
has created the necessity of our making important numerical cor-
rections throughout the volume corresponding to the amount of
the increase. We have also added, as an Appendix, brief notes,
or abstracts, of a few of the principal recent astronomical re-
searches; and in Chapter XV. notices of the discovery of thirty-
three additional minor planets have been interted.
E.D.

GrrexwicH : February 7, 1867,



NOTE.

Reference is frequently made in the text of this volume to the
paragraphs contained in the  Handbooks of Natural Philosophy,”
by Dr. Lardner, which bear on the same subject as that under
discussion. The name of the work corresponding to each letter of
- reference is therefore inserted below as an assistance to the reader,
who will find in these separate treatises several explanations of
subjects which tend to elucidate more clearly those given in this
volume,

The volume on MEcHANICS is referred to by the letter M.
HypRosTaTICS ]
” { PxEuMatIcs ”
. Hear
” Orrros ” » O

» H.or .




































































































INSTRUMENTS. — THE MURAL CIRCLE. 21

33. The mural oircle.—The transit instrument and sidereal
clock supply means of determining with extreme precision the in-
stant at which an object passes the meridian; but the instrument
is not provided with any accurate means of indicating the point at
which the object is seen on the meridian. A circle is sometimes,
it is true, attached to the transit by which the position of this point
may be roughly observed; but to ascertain it with a precision pro-
portionate to thdt with whxch the transit instrument determines
the right dscemsions, requires an instrument constructed and
mounted for this express object in a manner, and under eondltmns,
altogether different from those by which the transit instrument is-
regulated. The forni of instrument adopted in the most efficiently
furnished observatories for this purpose is the MURAL CIRCLE.

This instrument ie & graduated circle, similar in form and prm-
ciple to the instrument described in (13). 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 in-
strument, 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 eractly so by
two adjustments, one of which moves the axis vertically, and the
other horizontally, by means of screws, through spaces which,
though small, are still large enough to enable the observer to core
rect the slight errors of positivn incidental to the workmanship and
mounting.

The, instrument, as mounted
and adjusted, is represented in
perspective in fig. 11, where A A
is the stone wall to which the
instrument is attached, p the cen—
tral axis on which it turns; and E
F ¢ the telescope, which does
not move upon the circle, but is
immovably attached to it, so
that the entire instrument, in-

cluding the telescope, turns in 0
the plane of the meridian upon
the axis D. -
A front view of the circle in o A
the plane of the instrument is h \
given in fig. 12. \\ ~
The graduation is usually Fig. 11.

made on the edge, and not on
the face limb. The hoop of metal thus engraved forms, therefore,
what may be called the tire of the wheel.
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A trough o, containing mercury, is placed on the floor in a con-
venient position in the plane of the instrument, on the surface of

Fig. 12.

which are seen, by reflection, the objects as they pass over the
meridian. The obeerver is thus enabled to ascertain the directions,
as well of the images of the objects reflected on 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 mechanical arrangements, at any desired incli-
nation, enable the observer, with the utmost ease and comfort, to
apply his eye to the telescope, no matter what be its direction.

In the Greenwich observatory, the mural circles formerly in use
were six feet in diameter, and consequently about 226 inches in
circumference. Each degree upon the circumference measuring,
therefore, above six-tenths of an inch; admits of extremely minute
subdivision.

The divisions on the graduated edge of the instrument are num-
bered as usual from o° to 360° round the entire circle. The position
which the direction of the line of collimation of the telescope has
with relation to the o° of the limb is indifferent. Nothing is
necessary except that 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 point of the meridian when presented upwards, and to every
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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 direction of this axis, its line of
collimation 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 collimation at any
desired angle with the axis, and let a properly graduated arc be pro-
vided, by which the magnitude of this angle may be measured with
all practicable precision.

Thus, let A A’, fig. 13, represent the direction of the axis on
which the instrument is made to revolve. The line A A/, if comn-

)

tinued to the firmament, would pass through the pole p. Let co
represent the line of collimation of a telescope, so attached to the
axis at ¢ that it may be placed at any desired angle with it ; which
may be accomplished by placing a joint at ¢ on which the tele

can tumn. Let X0’ be a graduated arc, to which the telescope is
attached at o, and which turns with the telescope round the axis

A A", When the teleacope, being fixed at any proposed angle oca’

Fig. 13.
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with the axis, is turned round a a’, the line of collimation describes
a cone of which c is the vertex and ca’ the axis, and the extremity
o describes an arc 00’ of a circle at a distance from N’ measured by
the angle oca’.

If the line of collimation c 0 or ¢ o’ be imagined to be continued
to the heavens, it will describe, as the telescope revolves, a circle
00 on the firmament corresponding to the circle 0 o/, and at the
same angular distance op, o/ p from the celestial pole p, as the end
o or 0’ of the line of collimation of the telescope is from N’ or A’
In short, the angle 0 CX’ equally measures the two arcs, the celestial
arc o p and the instrumental arc o ¥’

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

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

One of the many mechanical arrangements by which this may be
effected is represented in fig. 14, as given by the Astronomer Royal,
in his lectures delivered at the Ipswich Museum.

o Fig. 14

The instrument is supported upon pivots, so that its axis A’s’ shall
coincide exactly with the direction of the celestial axis. The tele-
scope C D turns upon a joint at the centre, so that different directions
such as ¢’ 1/, ¢” ”, may begiventoit. The motion upon its axis is
imparted to it by wheel-work B’LK, impelled by clockwork, as
already mentioned.

Having explained the general construction of the principal in-
struments used in astronomical observations, we will now devote
the remainder of this chapter to a description of a few celebrated
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instruments of each class, which are remarkable for their stability
and magnitude. .

44. Sir W. Herschel's forty-foet refiéctor.—This instru-

meunt, which is memoruble as the first ever constructed upon s
rcale of such stupendous magnitude, and still more so for the vast
discoveries made with it by ita illustrious inventor and constructor,
is represented in Plate 1L It is not necessary to give a detailed
account of this celebrated instrument, as it has been dismantled
since the remorval of Sir John Ierschel from Slough, and has not
been remounted. The total length of the telescope tube was 39 fi.
4 in. and its clear diameter 4 fX. 10 in., the diameter of the speculum
being 4 ft., with a reflocting surface of 12°566 square foet.
" 45. 'The Rosse telescopes. — The lesser instrument, with its
mounting, is represented in Plate 1II. The speculumn is 3 feet
aperture, aud 7-068 square feet reflecting surface. The length of
the telescope is 27 feet. It is erected upon the pleasure grounds at
Parsonstown Castle, the scat of its illustrious constructor. The
weight of metal in the speculum is about 13 ewt.

But the moat stupéndous instrument of celestial investigation,
and by far the largest and most powerful ever constructed, is re-
presented in Ilates IV. and V. from drawings mede for this work
under the superintendence of his Lordship himself. FPlate IV.
presents a south, and Plate V. a north view of the instrument.,

The clear aperture is 6 ft., and consequently the magnitude of
the reflecting surfuce is 28274 square feet, being greater than that
of Herschel's great telescope in the ratio of 7 to 3.

The instrument is at present used as & Newtonian tel
(0.504), that is to say, the rays proceeding along the nxis of the
great speculum are received at an angle of 45° upon a second small
speculum, by which the focus is thrown towards the side of the
tube where the eye-piece is dirccted upon them. Provision is,
however, made to use the instrument also as a Herschelian tele-
scope.

'll“;e great tube i3 supported at the Jower end upon a masaive
universal joint of cast-iron, resting on a picr of stone-work buried
in the ground, and is so counterpoised as to be moved with grest
ease in declination. In all such instruments, when it is required
to direct them to an object, they are first bronght to the desired
direction by some expedient capable of moving them more rapidly,
and they are afterwards brought exactly upon the object by a slower
and more delicate motion. In this case, the quick motion is given
by a windlass, worked upon the ground by an assistant at the com-
mand of the observer. The slow motion is imparted by 2 mechan-
ism placed under the hand of tho observer.

The extreme range of the telescope in right escension, when dje









































































































DIMENSIONS OF THE EARTH 45

degree of depression corresponding to equal distances from the centres
.of obeervation is the same.

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

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

§§. This conclusion corroborated by circumnavigation.—
If a vessel sail, as far as it is practicable to do so, constantly in the
same direction, it will at length return to the port of its departure,
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.

§6. Corroborated by lunar eclipses.— But the most striking
and conclusive corroboration of the inference just made, and indeed
a phenomenon which alone would demonstrate the form of the earth,
is that which is exhibited in lunar eclipses. These appearances,
which are so frequently witnessed, are caused by the earth coming
between the sun and the moon, 8o a8 to cast its shadow upon the
latter. Now the form of that shadow is always precisely that
which one globe would project upon another. The phenomenon thus
at once establishes not only the globular form of the earth, but that
of the moon also.

§7. Various effects indicating the earth’s rotundity.— The
rotundity of the earth being once admitted, & multitude of its con-
sequences and effects present themselves, which supply corrobora-
tive evidence of that important proposition.

When a ship sails from the observer, the first part which should
cease to be visible, if the earth were a plane, would be the rod of the

Fig. 18.

top-mast, having the smallest dimensions, and the last the hull and
sails, being the greatest in magnitude;—but, in fact, the very






























FORM AND DENSITY OF THE EARTH. 55

equator. This protuberance may be considered as equivalent in 1ts
effects to an acclivity of regulated inclination, rising from each
pole towards the equator. To arrive at the equator the fluid must
ascend this acclivity, to which ascent gravity opposes itself, with a
force depending on its steepness, which increases with the magni-
tude of the protuberance, or, what is the same, with the ellipti-
city of the spheroid. If the ellipticity be less than is necessary to
counteract the effect of the centrifugal force, the fluid will still
flow to the equator, and the earth would consist, as before, of a
. great equatorial ocean separating two vast polar continents. If the
ellipticity were greater than is necessary to counteract the effect of
the centrifugal force, then gravity would prevail over the centri-
fugal force, and the waters would flow down the acclivities of the
excessive protuberance towards the poles, and the earth would
consist of a vast equatorial continent separating two polar oceans,

Since the geographical condition of the surface of the earth is
not consistént 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 surface,
due to the combined effect of the attraction .exerted by its consti-
tuent parts upon bodies placed on its surface, and the centrifugal
force arising from ita 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 ZQ exceeds the polar
axis Ns.

71. Wilipticity may be caltulated and measured, aid 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 ac-
cordance or discrepancy of the results will either prove the validity
of the reasoning on which the theoretical calculation is founded, or
indicate the conditions or data in such reasoning which must be
modified.

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

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

1. The time of rotation=g.

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.
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borings, and the other usual methods, supplied the data necessary
to determine the weights of its component parts, and thence the
weight of its entire volume: and the comparison of this weight
with its volume gave its mean density.
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The mean density of the earth resulting from this experiment is
sbout five times that of water.

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

In the apparatus used by Mr. Baily, the latest of them, the
attracting bodies with which the globe of the earth was compared
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 eupported on the ends of an
oblong horizontal stagre, capable of beiug turned round a vertical
axis supporting the stage at a point midway between them. Let
J#9. 24 represent a plan of the apparatus. The large metallic balls
B and B’ are supported upon a rectangular stage represented by the
dotted lines, and so mounted as to be capable of being turned round
its centre ¢ in its own plane. Two small balls a &, about two
inches in diameter, are attached to the ends of a rod, so that the
distance between their centres shall be nearly equal to 88”. This
rod is supported at ¢ by two fine wires at a very small distance
asunder, so that the balls will be in repose when the rod a «’ is di-
rected in the plane of the wires,and can only be turned from that plane
by the action of a small and detinite force, the intensity of which can
always be ascertained by the angle of deflection of the rod aa’. The
exact direction of the rod a @’ is observed, without approaching the
spparatus, by means of two small telescopes Tand 1/, and the extent of
its departure from its positionof equilibrium may be measured with
great precision by micrometers,

In the performance of the experiment a multitude of precautions
were taken to remove or obviate various causes of disturbance, such
as currents of air, which might arise from unequal changes of tem-
perature which need not be described here.

The large balls being first placed at a distance from the small
ones, the direction of the rod in its position of equilibrium was
observed with the telescopes T1. The stage supporting the large
balls was then turned until they were brought near the small ones,
as represented at BB'. It was then observed that the small balls
were attracted by tho large ones, and the amount of the deflection
of the rod a @’ was observed.




































APPARENT FORM OF THE FIRMAMENT. 75

A plane N n, drawn through the north cardinal point, cuts off a
portion of the sphere, having the visible pole ¥ at its centre, all of

Fig. 28.

which is above the horizon ; and a corresponding plane, 8, through
the south cardinal point, cuts oft a part, leaving the invisible pole
at its centre, all of which is below the horizon.

99. Apparent motion of the celestial sphere.—Now, if the
entire sphere be imagined to revolve on the line Pop through the
poles as a fixed axis, making one complete revolution, and in such
& direction that it will pass over an observer at o, looking towards
¥ from his right to his left, carrying with it all the objects on the
firmament, without disturbing their relative position and arrange-
ment, we shall form an exact notion of the apparent motion of the
heavens. All objects rise upon the eastern half, 8EN, of the
horizon, and set upon the western half, sw~. The objects which
are nearer to the visible pole P than the circle n ¥ never set; and
those which are nearer to the invisible pole P than the circle ss
never rise. Those which are between the equator £ q and the
circle n X are longer above the horizon than below it; and those
which arebetween the equator £q and the circle s s 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 continues to
descend until it seta.
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¢ During the determination of the longitade of the island of Valencia, on
the western coast of Ireland, in the year 1844 which was performed by
transporting a considerable number of chronometers between Gireenwich amt
"that island, it was found that the effect of travelling on pocket chronometers,
carefully packed, was to cause them to lose 07 per day over their stativuury
rates.
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130. The solstices.—Thoss points of the ecliptic which are
midway between the equinoxial points are the most distant from
the celestial equator. The ares of the ecliptic between these points
and the equinoxial points are therefore go°. These are called the
BOLSTITIAL 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 of June
and the winter solstice on the 218t of 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 (108), and
consequently the longest day will be the day of the summer solstice,
and the shortest the day of the winter solstice.

It will be evident that the seasons must be reversed in southern
Iatitudes, 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 hemi-

re. Nevertheless, as the most densely inhabited and civilised
of the globe are in the northern hemisphere, the names in re-
ference to the local phenomena are usually preserved.

131. The modiac.—The apparent motions of the planets are
included within a space of the celestial sphere extending a fow de-
grees north and south of the ecliptic. The zone of the heavens in-
cluded within these limits is called the zop1ac.

132. The signs of the zmodiac.—The circle of the zodiac is
divided into twelve equal parts, called s16xNs, each of which there-
fore measures 30°. They are named from principal constellations,
or groups of stars, which are plnced in or near them. Beginning
from the vernal equinoxial point they are as follows: —

£

*useshs

t. Arles (the ram) -
2. Taurus (the bull) -
3. Gemini (the twins)

clnur tho erab) -

‘. Vlr'o (the ergIn)

Sign.
D z Libra (the balance) -
o] Scorpin (the scorpion) -
9. Sagittarius (the archer) «
10 Capricornus (the goat) -
11 Aquarius (the waterman)
NP | 12. Pisces (the fishes) -

Thus, the position of the vernal equinoxial point is the Frmsr
POINT OF ARIES, and that of the autumnal the FIRST POINT oF
LsRA. The summer solstitial point is at the FIRST POINT OF CANCER,
and the winter at the FIRST POINT OF CAPRICORN.

133. The tropics.—The points of the ecliptic at which the
centze 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 TROTIC OF CAPRICORN,
















































ATMOSPHERIC REFRACTION. 11

ject, 8, and falling on the surface of a series of layers of transpa-
rent matter, increasing in density downwards. The ray 8 a, pass-

Pig. 45.

ing into the first layer, will be deflected in the direction a &’ to-
wards the perpendicular, and passing through the lowest layer, it
will be still more deflected, and will enter the eye at e, in the
directivn a” ¢; and since every object is seen in the direction from
which the visual ray enters the eye, the object 8 will be seen in
the direction e 8/, instead of its true direction @ 8. The effect,
therefore, is to make the object appear to be nearer to the zenithal
direction than it really is.

And this is what actually occurs with respect to all celestial e
objects seen, as such objects always must be, through the atmo-
sphere. The visual ray 8 D, fig. 45, passing through a succession
of strata of air, gradually and continually increasing in density,
its path will be a curve bending from D towards A, and convex
towards the zenithal line A z. The direction in which the object
‘will be seen, being that in which the visual ray enters the eye, will
be the tangent A s to the curve at A. The object will therefore be
seen in the direction A s instead of D s.

It has been said that the deflection produced by refraction is in-
creased with the increase of the angle of incidence. Now, in the
present case, the angle of incidence is the angle under the true


























































































THE MOON. ‘141

magnitude ubout fourteen times greater, and it would consequently
have a pmportionately illuminating power.

Earth light at the moon would, therefore, 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 by the
interval of half & month. 'When the moon is full to the earth, the
earth is new to the moon, and vice versd: when the moon is a
crescent, the earth is gibbous, and vice versd.

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, thei1 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 geographical
features of the surface of the earth would be apparent, and would
probably exhibit a variety of tints according to the prevailing
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 ascer-
tained. The continents and seas would be seen to disappear in suc-
cession at one side and to reappear at the other, and to pass across
the disk of the earth as carried round by the diurnal rotation.

210. Why the full disk 8¢ the moon is faintly visible
near new moon.— Soon after conjunction, when the moon appears
as a thin crescent, but is 8o removed from the sun as to be seen at &
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 illumination is proportionately diminished.

* See Chapter on the tides and trade winds,



142 ASTRONOXY..

Hence we find, that as the lunar “ﬂ gmdually o the
quarter, the complement of the lunar disk becomes gradually move
faintly visible, and soon disappears altogether.

211. Physical conditien of the mesn's surfase.—1f we
examine the moon carefully, even without. the aid of & telescops,

always in the same position upon the visihle
Thus the fmtbatmpyiua-bm,thh
same position throughout all humss secord. We have

ik
i
f
I
f

presentod towards the earth, ndm,ﬁuﬂlﬂ °

is never seen. This singular characteristie whish dttaches to the :
motion of the moon round the earth, seemw $o be a genesal-
characteristic of all other moons in the system. Sir Wilkiam

Herschtel, by the aid of his powerful telesoopes, obssrved 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 exceas of its weight which makes it tend

to direct itself always toward the primary, in obedience to the

universal principle of attraction. 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 minde and satisfactory information.

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 example, the lunar
surface resembled in its general characteristics that of our globe,
supposing that the entire surface is land, having the general cha-
racteristics of the continents of the earth, the inner boundary of
the lunar crescent would still be a regular curve broken or inter-
rupted 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 plains; for it will be remembered that, being
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physical condition of our satellite, and the chart, measuring 34
inches in diameter, exhibits the most complete representation o
the lunar surface extant. Besides this great work, a selenographi
chart was produced by Mr. Russell, from observations made wit}
& seven-foot reflector, a similar delineation by Lohrmann, and
lastly, & very complete model in relief of the visible hemisphere by
Madame Witte, an Hanoverian lady.

To convey to the student any precise or complete idea of the mas
of information collected by the researches and labours of thes
eminent observers, would be altogether incompatible with th
necessary limits of a work like that which we have undertaken

‘We shall therefore confine ourselves to a selection from some o
the most remarkable results of those works, aided by the telescopi
chart of the south-eastern quadrant of the moon’s disk, given i
Plate I., which has been reduced from the great chart of Beer anc
Miidler, the scale being exactly one half of that of the original.

212. GENERAL DESCRIPTION OF THE MOON’S SURFACE.

(a) Description of the chart, Plate I.— The entire surface of the visibl
hemisphere of the moon is thickly covered with mountainous masses anc
ranges of various forms, magnitudes, and heights, in which, however, th:
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 thei
general character.*

(b) Causes of the tints of white and grey on the moon’s disk. — The variou
tints of white and grey which mark the lineaments observed upon the disl
of the full moon arise partly from the different reflecting powers of th
matter composing different parts of the lunar surface, and partly from th

¢ It must be observed that the chart represents the moon’s disk as it i
seen on the south meridian in an astronomical telescope. As that instru
mient produces an inverted image, the south pole appears at the highest an
the north pole at the lowest point of the disk, and the eastern limit is o1
the right and the western on the left of the observer, all of which position
are the reverse of those which the same points have when viewed without
telescope, or with one which does not invert. The longitudes are measure
east and west of the meridian which bisects the visible disk. The origina
chart is engraved in four separate sheets, each representing a quadrant o
the visible hemisphere. The names of the various selenographical region.
and more prominent mountains are indicated on the chart, and have beer
taken generally from those of eminent scientific men. The meridians draw:
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 diamete:
being less than that of the earth in the ratio of about 21 to 79, a degree o
lunar latitude is less than 6o geographical miles in the same proportion, an¢
is, therefore, equal to 16 geographical miles. This supplies a scale by which
the magnitudes on the chart, Plate L, may be approximately estimated.
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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 sur-
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 grey and white
with which every eye is familiar.

(¢) Shadnws 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 9o°, and the boundary 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.

(d) Uniform paiches, called oceans, seas, §c., proved to be irreqular land
surface.— Uniform patches of greater or less extent, each having an uniform
grey tint more or less dark, having been supposed, by early observers, to be
large collectiqu of water, were designated by the names, OCkANUS, MAKE,
Pavrus, Lacus, Sixus, &c. These names are still retained, but the increased
power of the telescope has proved that such regions are diversitied, like the
rest of the lunar surface, by inequalities and undulations of permanent forms,
und 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 Procellaram, Mare Humorum, &c., on the chart.

(e) Whiter spots, mountains.— The more intensely white parts are moun-
tains of various magnitude and form, whoee height, relatively to the moon’s
magnitude, greatly exceeds that of the most stupendous terrestial 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-
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THE MAJOR PLANELS.—SATORN. 261

442. Stadility of the rings.—One of the circumstances at-
tending this planet, which has excited most general astonishment,
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 un-
disturbed, 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 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, not-
withstanding innumerable disturbing actions of bodies external to
them.

443- 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 revolve 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 dis-
tance. Nay, we may suppose as many moons placed at the same
distance round the earth as would complete the circle, 8o as to
form a ring of moons touching each other. They would still
move in the same manner and with the seme 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, inasmuch as the periods of each
concentric zone would vary in & 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 cohe-
rent, as the component parts of a solid body are, the complete
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,
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The order of their discovery was as follows :—

Name. Discoverers. When dissovered.
Titan. H s March, 165,
lapetus. nmm. October, léﬂ.
Rhea. Do. December, 1672.
Dione. Do. March, 1684.
Tethys. Do, March, 1
Bnce{udul. 8ir W, Herschel. August,

Mimas. Do, September, T
Hyperion. Messrs. Lassell and Bond. September,

Hyperion was discovered on the same night, the 1gth of Sep~
tember, 1848, by Mr. Lassell of Liverpool, and Professor W. C.
Bond of the University of Cambridge in the United States.

450. Their distances and periods.— The periodic times and
mean distances of these bodies from the centre of Saturn, ascer-
tained by the same kind of observations as already explained in
the case of the satellites of Jupiter, are as follows :—

Period. Distance.
Order. Name. -
D.H M. 5 | egmim | Seidesse
1 Mimas - - o 23 2 216
2 Encolulul - 1 lzz 63 314 i‘%@
3 Tethys - - 1311 m
4 Divne - - 3 17 42 7 308
8 Rhea - - 4 12 25 10 1034 05528
Titan - - 1§ 23 41 2632 36" u’l’p
z Hyperion - - 21 7 7 48 73 28
lapetus - - 9 7 5 ©4 18153 643590

451. Hlongations and relative distances.— The
elongatxons of the satellites from the primary, and the scale of their
distanees in relation to the diameters of the planet and its rings,
are represented in fig. 73, assuming, for convenience, that the
angular value of the semidiameter of the planet is equal to 10”.

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 noticed are in operation, and
within such a space have these extraordinary discoveries been
made. 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
measured the planet, its belts, atmosphere, and rotation, and the
two rings, their magnitude, rotation, and the lineaments of their
surface. .


























































































ECLIPSES, TRANSITS, AND OCCULTATIONS. 295

diameter, there will be an annular eclipse, and at the centre of the
circle the eclipse will be centrical, the annulus being of uniform

Fig. 83. Fig. 8¢.

breadth. Outside this circle, 8o far as the penumbra extends, the
eclipse will be partial, its magnitude decreasing as the distance of
the place from the centre of the circle increases, until at the limit of
the penumbra the phenomenon censes to be exhibited.

§11. Solar ecliptic limits.— The moon’s orbit being inclined to
the ecliptic, at an angle of §°, and, consequently, the distance of
the moon’s centre from the ecliptic varying in each month from
o° to §° while the interposition of the moon between any place
on the earth and the sun, requires that the apparent distance of
their centres should not exceed the sum of their apparent semi-
diameters, which never much exceeds half a degree, it is clear
that an eclipse can never happen except when, at the time of
conjunction, the apparent distance of the moon’s centre from the
ecliptic is within that limit, a condition which can only be fulfilled
within certain small distances of the moon’s nodes.

There is & certain distance from the moon’s node. beyond which
a solar eclipse is impossible, and a certain lesser distance, within
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450 ASTRONOMY.

Thus if P and »’ be the periods of two bodies revolving around
different attracting masses, M and 1’, at the distances r and v/, we
shall have

U
b

AR
X

=7 %
R

|

and substituting this for :7in the formula found in (760), we

have
x__r p*
R

By this principle the ratio of the attracting masses can always
be ascertained when the periods of any bodies revolving nound
them at known distances are determined.

762. Determination of 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 neceasary to ascertain the period and dis-
tance of the planet and the satellite, and substitute them in the
formula determined in (761). The arithmetical operations being
executed, the ratio of the masses will be determined.

763. 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 (762).

If r and r* express the distances of the earth from the sun and
moon, and P and P the periods of the earth and moon, we shall
have

_ 27730 _
=38 3 365 25~

U

‘l.

=56181887 F — r’ 179028

which being substituted, and the operations executed, gives

x"'3'38’3

This quantity, as showing the ratio of the mass of the earth to
that of the sun, is not strictly the true amount, but is sufficiently
close as an illustration of the method. The true fraction, the sun
being unity, is yyyyoo:

764. Masses of planets.—The masses of the planets in



































































472 ASTRONOMY.

‘Tamzl

R F |Mean diurnal frorn Ban or |
me of Planet. | §§ | Hellooentrio Saeroal | Bemi-axis.— | Rxcentricity. [Meen
Ly Motion, (Barth's dis-
tance=1.)
” dm L ’ [ 4

e - -| (D | 793'977 | 163229 | 2'713100 | 0'117263 352 33 a79|;
omva - -[ &) | 790432 | 163961 | 2'731209 | 0079920 [350 18 365 |4
DA - - -|@| 782250 | 165676 | 2740148 | 0155433 [112 5B ay€
'ALANTA - @ 779'694 | 166219 2'746129 | 0°301229 | 117 40 s60
ose - - -|@ | 775733 | 167068 | 2755474 | 0173720 | 145 15 14
xoma - -|@ | 774218 | 167795 | 3759068 | 0'144736 | 46 53 sgs
cuxxs - -1 @) | 773711 | 167504 | 3'760273 | 0'236005 |103 §x 436
RES « « = @ 771°021 1680°88 3'76“92 0'030264 a§ s' ary
e - - @ | 770857 | 168325 | 3767081 o'114659 |234 9 3:1'
wave - -| @) | 769997 | 168312 | 2769147 | 0265929 |375 57 3rk
uas - -[ @ | 769805 | 1683:54 | 2769601 0239966 | 94 sx 430
mee - -| @ 769°561 | 1684'08 2770186 | 0'165027 |305 © 1y’
tatea - -|@| 766439 | 169093 | 2777705 | 0238200 |256 45 awy)
woma - -| @ 766:122 | 1691'64 | 2778470 | 0'150099 | 66 3 gral;
T - - - | 765323 | 169340 | 3°780405 | 0188461 | 78 58 206
®PSICHORE - | (8) 7357024 | 176321 |\ 2°856296 | 0211758 | 21 §9 abo
syanun -| @) | 7327029 | 177042 | 2864085 | 0339119 |10 17 460
mata - -| @ | 725499 | 1786:36 | 2881244 | 0'133044 |116 33 258
1uorE - -/ @) | 714'514 | 181382 | 2'910711 | 0098541 (347 53 339
YCHE - - 7097760 | 1825'97 | 3'92368x | 0'135429 [130 37 23
ISPERIA - -~ 692630 | 1871'13 2'971693 | 0'173831 |163 §3 227
NAE. - - 688082 1883°50 2'984773 | 0'161600 |327 30 7
UCOTHRA - 630588 | 1904'24 | 3006638 | 0217211 [333 34 43%
1xs - - - 655621 | 197675 | 3082494 | 0337207 | 53 35 %0y
MELE - - 652985 | 198473 | 3090786 | 0204954 | 37 3 1%
TROPA - «| () | 650°088 | 1994°04 3'099942 | 0101415 |136 ax ast
BIS - - -| (@ | 647'130 | 2002°69 3'109402 | 0'076636 | 309 33 ge's
ToPe - -| 30 | 644'196 | 3011°81 3118839 | 0'147672 |283 ga (15}
WTO- - o (@) | 640859 | 202229 | 3129653 | 0'169657 |313 48 499
mMIs - | @) | 636763 | 203529 | 3143057 | 0'116925 (180 a2 T
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DISTANCES OF THE PLANETS FROM THE SUN

ASTRONOMY.

786.—TazLe II.

AND EARTH IN MILLIONS OF MILES.

(The numbers in this Table can be read as millions and decimals of &

million, or, by adding three

millions and thousands : for
JSrom the Sun is 35392
Name of Planet.
Greatest. . Least.

Mencury - - 42669 a8u1g
Vexus - - - 66586 65682
Eamrwt - - - 92963 89'897
Mars - - - 152'304 126°318
Froma - - - 232813 169733
Armoxg - - 335'1913 167°698
FeroNA- - - 232004 182°370
Haruonia - - 216'953 1977637
MerpoMENE - 2§5°577 1647203
SaprEO - - - 251°994 167°908
Victoria - - 260'138 166°694
Evrerre - - 251°726 177396
Vesta - - - 235289 196509
UraNa - - - 243639 | 188'913
Nzmavsa - - 230611 201°981
Crro- - - - 267882 ' 165°032
Ipis - - - - 168-539; 167°807
Mamis - - - 245131 191399
Ecmo- - - - 360063 177'539
Avsoxa- - - 346'5373 191°417
Procma - - - 275331 163683
Massiia - - 351°941 188683
As - - - - 262401 180437

357392
66°134
91°430
139'312
201°273
201°445
207187

207°29§ |

209°890

209958

213446

214°§61 ‘

215'899

216276

216296

216457 |

218173

218210,

218796
218'973

319°507

220312
321°419’

At Superior

Coajunction.

126°822
157°564.

230741
292703

. 292'875

298617
298'72§

jor1°320 |

jor'38z
304'846
305°991
307°329
307°706
307'726
307°887
309°603
309°640
310226
310°402
310937
T 31742
312°849

Mercwry

At Inferior

56038 !

25296

47°881
109'843
110°01§
115°757
115°865
118°460
118°52x
121°936
133'132
124°469
124°846

124'866
125'027
126'743

126°780
127°366
127°542
128'070
128-882
129'989
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TasLe II. Continued.
| Sun. ' Mean distance from Earth.
!.\'n.meofl’hnet. oresen.| Lot | Mean. .‘_M- Superior “At:lntu_lu
i | | or Opposition.
iEcnmxca - -i 319’017 | 169°185 | 244101 !i 335°531 ] 152°671 ;
| Faooa - - -!277:472| 311116 z44'294'i 335724 | 152'864 !
ANGELINA - -1 276'539| 213°695 245117 | 336'547 | 153°687 i
Circe - - - 271°980( 219250 245615 337°045 | 154185 |
; CoNCORDIA - -! 257°388 | 236388 246388 i 338:318 155°458
.!Auxumm -| 296'820| 199154 247°987| 339'417 156°557 !
Ourxra - -| 377147 218'971 248059 I! 339489 | 156'629 |
Eveenia - - 268'684| 228:916 :.4.8'800;: 340230 157°370 :
i LepA- - - -! 289'473 | 211°591 2505321 341°962 159'103 l
AtaLaNTa - - 326711 175°447 251°079 I 342'509 | 159°649 .
NioBg - - Li 29§°700 208'168‘ 251°934 | 343°364 160°504 [
 PaNpomrA - -i 288'773 . 215751 :sz-z6zi 343692 160’832 |
ALCMENE - -I 309'409 | 195°335 252372 | 343802 160'942 l
Cmmes - - - =73'=6=| 232'656 252959 i 344389 | 161°539
LETITIA- - -[ 282'002 ' 223'986 252°994 | 344'424 161°564
DarexE - - -| 320°512 | 185854 253183 3447613 161°753
Parras - - - 313'990 192'4.60i 253228 | 144°655 161°79§
Tuiser - - -! 295'076 zn'q.!oi 253278 |; 344708 161°848
GaraTea - - 314459 | 193'471 i 253965 || 345°395 162535
Briroxa - -' 292°166 21 5'906‘ 254036 | 345°466 162°606
Lzro- - - -| 302'121| 206'303 254212 345642 162°782
TeRPSICHORE -| 316°452 | 20§'850  261°151{ 352°581 169721
PoLYHTMMIA -| 350666 | 1737060 261863 1! 353293 170°433
AoLalA - - -| 298216 218'64.8; 263432 354'862 172°002
CaLLiOPR - -| 292350 239'902 | 2661261 357°556 174'696
Psycum - - -| 303'514; 231'110 | 267°312} 358'742 175°882
Hesrrria - ° 3:8'93:} 114'47:.} 271'702 ! 363132 180'272
Daxai - - -j 317'002 218'794; 272898 || 364°328 181°468
Levcotusa - i 334‘608I 215186  274'897 l! 366°327 183°467
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The increase in the sun’s parallax necessitates a corresponding
alteration in the hitherto adopted value of the earth’s mass, M.
Le Verrier is known to be engaged in its investigation. In reply
to 8 question on the subject, he remarks:—* Maintenant qu'on
sait que I'ancienne masse de la Terre ne peut étre conservée, il y &
4 reprendre les déterminations en ne conservant que le nombre
d’inconnues strictement nécessaires. C’est seulement quand j’aurai
fini ce travail, dont je m’occupe, que je pourrai vous répondre.”

The mass adopted in this work has been obtained from the for«
mula in Le Verrier's Solar Tables published in the Annales de
T Observatoire Impérial de Paris.

791.—TABLE
SYNOPSIS OF THE MOTION OF THE ELLIPTIC

WITHIN THE

(Winnecke's Comet is probably the same

Moa Dt goom. | Potiton | Aptaten L-e-m[
Earth's=1. Earth’'s=1. | Earth’'s=1.
Name of Comet..
L] e ax (1-¢) ax(1+e) A

Encke - - - -| 22181 | 08464 | 03407 40955 | 10741
Blainpain (1819) - [ 2'8490 06867 | ©0'8926 48054 7378
Burckhardt (1766) 2'9337 o0'8640 0°3990 5°4684 7061
, Clausen (1743) - 30913 07213 08615 5'3211 6523
De Vico- - - - 3'1028 06173 11874 50183 648'8
Winnecke - - - | 31343 | 07547 | 07688 54998 6394
Brorsen - - - - 3'1465 0'7945 06466 5°6464 6357
Lexell (1770) - - 31560 07861 06751 5°6369 6328
Pons (1819) - - 31603 07552 0'7736 55468 6316
D'Arrest - - -: 34618 | 06609 | 11739 5'7497 5562
Biela- - - - - 3'5308 0'7563 0'860§ 62011 5348
Faye- - - - -| 3818 | 05576 | 16863 5'9373 4786
Pigott (1783) - - | 46496 | 06784 | 14953 7'8039 3539
Poters (1846) - - | 6°3206 07567 15378 11°1034 2219
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VIL

‘WHOSE MEAN DISTANCES ARE NEARLY EQUAL TO
URANTUS.

91

Longitude of Diree-
Period in | Longitude of Inclination of | Mean Time of Perihellon
Ascendin, tion of
Years. Perihelion. Node. 8 Orbit. Passage. Motion.
r . v [ Greenwich Mean Time.

4 N
67770 | 43 12 16 [346 13 25 | 40 §8 32 | 1852 Oct. 12 1§

70068 | 92 18 44 [253 © 2 |73 57 3| 1812 Sept. 15 8
73250 [ 90 34 46 | 77 35 36 | 84 57 13 | 1846 March 5 14
74050 |149 1 56 | 83 28 34 | 44 29 55 [ 1815 April 25 23
74'970 | 79 12 46 (309 48 49 [ 19 8 25 | 1847 Sept. 9 13
76'680 |304 31 32 | 55 9 59 | 17 45 § | 1835 Nov. 15 123

Hououououuyu

served, no general trace of any law governing the direction of
motion is discoverable.

799. Tnclination of the orbits.— There are evident indications
of a tendency of the planes of the cometary orbits to collect round
a plane whose inclination to the plane of the ecliptic is 4.5 ,orif &
cone be imagined to be formed having a semi-angle of 45°, and its
axis at right angles to the plane of the ecliptic, the planes of the
cometary orbits betray a tendency to take the position of tangent
planes to the surface of such & cone.

800. Distribution of the points of perihelion.— Considering
how much the visibility of a comet from the earth depends on its
perihelion distance, and that beyond a certain limit of such dis-
tance a comet cannot be expected to be seen at all, it cannot be
thought that the law, if any such there be, which governs the dis-
tribution of the points of perihelion round the sun, can be discovered
with any degree of certainty. Nevertheless it will not be without
interest to show the distribution of the points of perihelion of the
known comets in relation to their distances from the sun.

If the centre of the sun be imagined to be surrounded by spheres
having semi-diameters increasing successively by a constant incre-
ment of 20 millions of miles, the number out of every hundred
known comets whose perihelia lie between sphere and sphere, will

be as follows : —
rw
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Within 20 millions o e e
Between 20and 40 . . . . . . 11770

40 5, 60 . . . 2030
60 ,, 80 . . . ., . 1720
80 ,100 . . . . . . 2080
100 ,120 . . . . . . 865
120 , 140 . . . . . . 455
140 ,160 . . . . . . 40§
160 ,, 180 . . . . . 200
180 ,220 . . . . . . 155
220 5420 . . . . . . 0%§

100°00

It is evident that the small proportion of the perihelia which lie
outside the sphere, whose radius is 120 millions of miles, must be
ascribed to the fact that comets moving in such orbits will mostly
escape obeervation; but it may, perhaps, be assumed that the
comets whose perihelia lie within a sphere through the earth’s
orbit have nearly equal chances of being observed. If this be
assumed, then it will follow that the numbers of such comets which
have been observed are nearly proportional to their total numbers,
and therefore that the numbers within this limit in the preceding
table do actually represent approximately the distribution of the
points of perihelia round the sun. .

If we compare then the number of perihelia situate between the
equidistant spheres indicated in the preceding table with the cubical
spaces through which they are respectively distributed, we shall
obtain an approximate estimate of the density of their distribution
in relation to the distances from the sun. We have computed the
following table with this view. Inthe second column is given the
number of comets per cent., whose perihelia are included between
the equidistant spheres; in the third column the numbers express
the cubical spaces between sphere and sphere, the volume of thy
sphere whose radius is 20 millions of miles, being the cubical
unit; and in the fourth column the numbers are the quotients of
those in the second divided by those in the third, and therefore
express the successive densities of the perihelia between sphere
and sphere.










APPENDIX.

The following brief abstracts and notes of some of the principal
processes and researches which have occupied the attention of as-
tronomers during the last few years, will, in some cases, give the
peculiarities of the subject in fuller detail than can be found in
the preceding pages.

801. Description and use of the Greenwich chrono-
sraph.—On page 18, we have briefly described the general me-
thod of observing transits by eye-and-ear with the transit instru-
ment, and we have also mentioned that in many obeervatories
transits are now obeerved by the chronographic method. As the
registration of transits by the chronograph has become the ordi-
nary method in the daily observations at the Royal Observatory,
and as the adoption of the system becomes every year more general,
we believe that a detailed description of the apparatus will be ac-
ceptable. It may be remarked, that different plans of construction
have been used at different places, but the leading principle is
the same in all. The Greenwich instrument may therefore be
taken as a general type of the others.

The chronograph consists of two distinct portions, a recording
cylinder, and a clock for driving the cylinder. Since the flow of
time is uniform, the cylinder, which is covered with paper for the
reception of the record, must also turn uniformly. The clock (used
solely for driving the cylinder) is therefore provided with a pen-
dulum having conical motion. Uniform motion is thus obtained.
By the side of the cylinder two long screwsare placed. These are
turned slowly by the clock. On the screws a frame travels carrying
the recording apparatus. This consists of two electro-magnets,
each of which, by attracting an armature, causes a steel point to
puncture the paper on the cylinder. Now, in the transit-clock
means are provided for closing a galvanic circuit at each beat of
the pendulum. Wires from the clock pass to one of the electro-
magnets of the chronograph. At évery beat of the pendulum of
the transit-clock, therefore, a galvanic current flows to the electro-
magnet, its armature is pulled, and a puncture made in the paper
on the cylinder. As these punctures are made, the recording
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802. Reduction of meridional observations.—In paragraph
23 et seq. we have briefly described the general construction and
use of meridional instruments, and have also explained the usual
adjustments required before they can be used for astronomical ob-
servations. The final adjustments are, however, frequently made
about the time of observation, and corrections for the errors of
collimation, level, and azimuth of the transit instrument ave always
applied in the reductions, as will be seen below. As inquiries are
often made on this subject, we consider it will be probably useful
to the amateur computer if we now add complete examples of the
reduction of an actual observation of a star, on the meridian of
Greenwich, made with the transit-circle. It will tend to clear-
ness if we make our reduction a fac-simile of that contained in
the archives of the Royal Obeervatory, beginning with a transit

obeervation.
d. h. m,
Approximate Solar Time . . . 1864 Nov. ¢ 22 so.
Name of Object. . . Arcturus.
Approximate N.P.D. of Objeet . 70° 6
Observer . . D.
Reading oannnt l(xcromem . 31°000.
h. m. &
94
12'§
15°4
183
Transit over separatewires . . . . 242
300
329
360
14 9 388
9)217°§
’ 2416
Correction tocentral wire. . . .« — oo§
Observed Transit . . . 14 9 241X
Collimation Error —3" '7! . . - 26
2385
Level Error +10™73 . . . + 66
2451
Azimuthal Error 3769 . . . . - 14
True Transit over Meridian 14 9 2437
Clock slow at o® Sidereal preeedmg .. 4'84
Adopted Losing Rate —0*40 . . . - 24
OpsxRvED RA. or OnjEcT . . 14 9 2897

Star’s correction with sign changed . . - 143
OBseRVED Mxax RA. Jax.1,1864 14 9 2754
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pole contains a small multiple of . Equating these, with proper
allowance for the rate of clock, s is found. The combination of
two stars, both near the pole, but one above and the other below
the pole, is very favourable, as both factors of s are large, but have
opposite signs.” & Ursee Minoris and Cephei §1 (Hev.), whose
difference of right ascension is about twelve hours, are, next to
Polaris, the most valuable stars for the determination of the azi-
muthal error. The following examples are given as illustrations
of both methods of reduction, the first being by consecutive transits
of Polaris.

d. h. h. m. s [N
1864. Nov. 9 10. TransitofPolarls . . . 1103286 _

9 22. Trapsitof Polaris 8P, . . 13 10 ¢477 ''""

10 10. Transitof Polars . . . 110 3187~ 13%

Moan . -—1240

z= :l_’.zg.- —13"69.
33
The azimuthal error in the second example is determined from
the comparison of one transit of Polaris with a transit of an equn-

torial star, ¢ Piscium.
h.m. .

d b,
1864. Nov. 8 10. TransitofePiscium . . o §5 §2'75+2x0047
RA.of¢Pisciom . . . o 55763

488
Rate of clock —o0*40 . oo
Clock slow . . . —;ﬁ—z X 0'047

d. h.
8 10. Transitof Polaris . . . 1 10 3396—2x1628
R.A. of Polaris e« .+ 1104309
913 +2 x 1'628
i ot TP L
* 1675 s :
The factors used in these reductions are printed in a tabular
form in the volume of Greenwich Observations. The numerical
correction to the observed transit is

. sin zenith distance south
Arimuthal error x 15 sin N.P.D.

By the application of these three corrections to the observed
clock-time of transit, the true transit over the meridian, referred to
the transit-clock, is found. The apparent right ascension of the
object is then easily computed by applying the clock-error, which
is always determined from the observations of special stars, whose
tabular places are known with considerable accuracy.

The following calculation is for the corresponding observation
of Arcturus in zenith and north polar distance.
































































3+ e¢ paragraph 68g.
94. A celebrated temporary star,
Mmagnitude is visible Dear its place at

Nore.—The following elements of
after Table I. was printed. Thejy pl
Pomona and Melete,

Mean diurna] motion
Sidereal Perioq .
Mean distance from Sun
Exeentricity .
Mean Longitude .
Longitude of Perihelion
Longitude ot'Aaeending Node
Inclination . .
Mean Solar Time of Epoch
Authority |, .

e ..,







































