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12 LESSONS IN ASTRONOMY

just as if they were attached to the inner surface of a huge
revolving sphere.

Instead of watching the stars by the eye we may advan-
tageously employ photography. A camera is pointed up
towards the Pole-star and kept firmly fixed while the stars
by their diurnal
motion impress
their “trails” upon
the plate. Fig. 4
was made in this
way with an ex-
posure of about
nine hours.

To indicate the
position of the stars
as it will be at mid-
nightof September 22,
the figure must be
held so that XII in
the margin is at the

bottom ; at 4 A.m. the
stars will have come to the position indicated by bringing XVI

Fia. 4. — Polar Star Trails

to the bottom, and so on. But dt eight o’clock on the next night
we shall find things very nearly in their original position.

If instead of looking toward the north we now look
southward, we shall find that in that part of the sky also
the stars appear to move in the same kind of way. All
that are not too near the Pole-star rise somewhere in the
eastern horizon, ascend obliquely to the meridian, and
descend to their setting at points on the western horizon.
The next day they rise and set again at precisely the same
points, and the motion is always in an arc of a circle, called





















































































































































































































































































































THE MOON’S PHASES 115

that hemisphere of her surface on which the sun is shining

J . . : ’
and of the illuminated hemisphere only that portion which
happens to be turned towards the earth.

When the moon is between the earth and the sun (new
moon) the side presented to us is dark, and the moon is

| FIRST

S &

F1G. 20. — The Moon’s Phases

then invisible. A week later, at the end of the first quarter,
half of the illuminated hemisphere is visible, and we have
the half-moon, as we also do a week after the full. Between
the new moon and the half-moon, during the first and last


















THE MOON’S SURFACE STRUCTURE 121

prings the moon within a distance ranging from 1000 to
500 miles. Any object half a mile in diameter on the
moon 18 distinctly visible. A long line or streak even less
than a quarter of a mile across can easily be seen.

For most purposes the best time to look at the moon is when it is
hetween SiX and ten days old ; at the time of full moon few parts of the
gurface are well seen. It is evident that while with the telescope we
should be able to see such objects as lakes, rivers, forests, and great cit-
jes, if they existed on the moon, it would be hopeless to expect to distin-
guish any of the minor indications of life, such as buildings or roads.

153. The Moon’s Surface Structure. — The moon’s sur-
face for the most part is extremely broken. The earth’s
mountains are
mainly 1n long |
ranges, like the |
Andes and Hima- |
Jayas. On the |
moon the ranges
are few in num-
ber; but, on the
other hand, the
surface 1s pitted

all over with great
craters, which F1G. 22. — Normal Lunar Crater
resemble very

closely the volcanic craters on the earth’s surface, though
on an immensely greater scale. The largest terrestrial
craters do not exceed six or seven miles in diameter ; many
of those on the moon are fifty or sixty miles across, and
some more than a hundred, while scores are from five to
twenty miles in diameter.
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The normal lunar crater (Fig. 22) is nearly circular, sur.
rounded by a mountain ring, which rises anywhere from
1000 to 20,000 feet above the neighboring country. The
floor within the ring may be either above or below the gy
side level ; some craters are deep, and some are filleq

‘nearly to the brim. Frequently in the center of ¢,
crater there rises a group of peaks which attain the same
elevation ag the
encircling ring, ang
these central peaks
often show holeg op
minute craters ip
their summits.

On some portions
of the moon these
craters stand very
thickly. This is es-
pecially the case near
the moon’s south
pole. Itisnoticeable,
also, that as on the
earth the youngest
mountains are gen-

erally the highest, so

Fi1a. 23. — Gassendi

on the moon the most
recent craters are generally deepest and most precipitous.

The height of a lunar mountain can be measured with
notable accuracy by means of its shadow.

The striking resemblance of these lunar craters to terrestrial
volcanoes makes it natural to assume that thev have a similar

origin. This, however, is not quite certain, for there are notable
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difficulties in the way of the voleanic theory, especially in the case of
what are called the great «Bulwark Plains,” so extensive that a
person standifxg in the center could not even see the summit of the
gurrounding ring at any point; and yet there is no line of distinetion
petween them and the smaller craters, — the series is continuous,
Moreover, on the earth voleanoes necessarily require the action of

air and water, which do not now exist on the moon ; 80 that if these
Junar craters are really

the result of volcanic
eruptions, they must be
ancient formations, for
there is no satisfactory
I evidence of any present
voleanic activity. Fig.23
represents one of the
finest lunar craters, Gas-
sendi, about fifty-six
miles in diameter, which
is best seen about three
days after the half-

11001,
154. Other Lunar
Formations.— The

craters and mount-
ains are not the only

interesting features
on the moon’s sur- F1G. 24. — Copernicus

face. ~There are many deep, narrow, crooked valleys
which go by the name of «rills,”” and may once have been
watercourses. (See Iig. 24.) Then there are many straight
“clefts ” half a mile or so wide, and of unknown depth,
running in some cases several hundred miles straight
through mountain and valley, without any apparent regard
to the accidents of the surface.




































STUDY OF THE SUN’S SURFACE 135

from two inches to eight or ten in diameter, and some of
the best of them bear enlarging to forty inches.

photographs have the great advantage of freedom from prepos-
gession on the part of the observer, and in an instant of time they
secure a picture of the whole surface of the sun such as would require

F1a. 29. — Greenwich Photograph of Sun, Sept. 10, 1898

a skillful draftsman hours to copy. But, on the other hand, they
take no advantage of the instants of fine seeing, but represent the
solar surface as it happened to appear at the moment when the
plate was uncovered, affected by all the momentary distortions due
to atmospheric disturbances.
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165. The Photosphere. — The sun’s surface seen wigy, ’
telescope, under a medium magnifying POWer, appears to b,
of nearly uniform texture, though distinctly darker at ¢,
edges, and usually marked here and there with certain dqy),

FiG. 30.— Nodules and Granules on the Sun’s Surface
After Langley

spots. With a higher power it is evident that the visible
surface (called the photosphere) is by no means uniform,
but is made up, as shown in Fig. 30, of a comparatively
darkish background sprinkled over with grains, or ¢“nod-
ules,” as Herschel calls them, of something more brilliant,—








































REVERSAL OF SPECTRUM LINES 149

crossed by three black lines which exactly replace the
prighter ones. Thrust a screen between the lamp flame and
the lime, and the dark lines instantly turn bright again.

The dark lines which appear when the screen is removed are dark
only relatively to the background.: when the screen is taken away they
really brighten a
. o T 4 ()1‘
little (say two e
three per cent);

of times, and so far
exceeds that of the
lines themselves
that chy look
black. The dark
lines of the solar
spectrum are really
bright, and can be

1
i

put the brightness Reversal of Spectrum e

n

of the background ii

. ag 1reds I
increases hundreds ﬂ\ oz

1\ l:

plmtogr:l,phml as
such’ by arranging
matters so that
one of them shall
fall upon a mnar-

F1G. °7. — Reversal of the Spectrum

row slit in a diaphragm which excludes all the brighter background.

175. Chemical Constituents of the Solar Atmosphere. —
By taking advantage of these principles we can detect
a large number of well-known terrestrial elements in
the sun by means of the dark lines! in its spectrum,

1 They are generally referred to as Fraunhofer’s lines, because Fraun-
hofer was the first to map them. To some of the principal ones he
assigned letters of the alphabet, which are still retained: thus, 4 is a
strong red line at the extreme end of the spectrum ; C, one in the scarlet;
D, one in the yellow; and H, one in the violet.
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158 LESSONS IN ASTRONOMY

composed of a small number of brilliant lines, it is possib]g
to observe them with a spectroscope in full daylight, The
explanation of the way in which the spectroscope effects
this lies rather beyond our limitations ; but it is suflicient
for our purpose to say that by attaching a Spectroscopg

Fi1a. 41. Prominences

1. Quiescent Prominences 2, Quiescent Prominences

Eruptive Prominences Flames
4. Eruptive Prominences — Jets and Spikes near Sun’s Limb, Oct, 5, 1871

to a good telescope the prominences can now be studied
at leisure any clear day. They are wonderfully interest-
ing and beautiful objects. Some of them, the so-called
“(]llil'st'{‘m - ]lI'lllI]iIll‘TIl'l':-l. are of enormous size, 50,000 or

even 100,000 miles in height, faint and diffuse, remaining
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almost unchanged for days. Others are much more
prilliant and active, especially those that are associated
with sun-spots, as many of them are. These “eruptive ”
rominences often alter their appearance very rapidly, —
go fast that one can sometimes actually see the motion :
yelocities from 50 to 200 miles a second are frcquuntly
met with. As a rule the eruptive prominences are not so
Jarge as the quiescent ones, but occasionally they surpass

10,34 10.40 10,58

F1G. 42, — Photographs of Prominences, March 25, 1895

After Hale

them, and a few have been observed to attain elevations
of more than 200,000 miles. Fig. 41 gives specimens of
both kinds.

182*. Photography of Prominences. — Quite recently it
has become possible to photograph these objects at any
time by utilizing the H and K lines in their spectrum.
An explanation of the method lies quite beyond our
scope, but Professor Hale, the director of the new Yerkes
Observatory, and Deslandres in Paris, have been spe-

cially successful in this line. and both have constructed






THE CORONA 161

The corona varies greatly in brightness at different
eclipses, according to the apparent diameter of the moon
at the time. The portion of the corona nearest the sun
is so much brighter than the outer regions that a little
increase of the moon’s diameter cuts off a very large pro-
portion of the light. The total light of the corona is
asually at least two or three times as great as that of the
full moon. FKig. 43 is from a photograph of the eclipse

F1G. 43. — Corona of Eclipse of 1900, Wadesboro, N.C.

of May, 1900, made at Wadesboro, N.C. At that time
the sun-spots were at their minimum, and, as is then
usual, the equatorial ¢ wings” were very long and the
polar streamers especially numerous and well defined.
184. Spectrum of the Corona.— A characteristic feature
of its spectrum is a bright green line. This line was at
first, and for a long time, supposed to coincide with the
“«1474 " line of Kirchhoff’s map of the spectrum — a very

puzzling circumstance, as that line is due to 2ron, and iron
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THE, PLANETS IN GENERAL 203

masses of such planets as have satellites, expressed in terms
of the sun’s mass. The masses of Venus and Mercury are
much more uncertain.

The distances of the planets in miles, their masses in
terms of the earth’s mass, and their diameters in miles, all
involve the solar parallax and are affected by the slight
uncertainty in its amount. For the remoter planets,

Fi1a. 54. — Relative Size of the Planets

diameters, volumes, and densities are all subject to a very
considerable percentage of error. The student need not
be surprised, therefore, at finding serious discrepancies
between the values given in these tables and those given
in others, amounting in some cases to ten or twenty per
cent, or even more. Such differences merely indicate the
actual uncertainty of our knowledge. Fig. 54 gives an

idea of the relative sizes of the planets.
























VENUS 211

of Venus is brightest at the edge, — in contrast with the
appearance of Jupiter and Saturn.

- 248. Atmosphere of the Planet. — There is no question
that it has an atmosphere of some density. When the
planet is half-way upon the sun’s disk at the time of a
« transit,” the dark part of the planet outside the sun is
encircled by a thin line of "light due to the refraction.

ORBIT PLAN

F1G. 56. — Telescopic Appearances of Venus

reflection, and scattering of sunlight by the planet’s atmos-
phere. And when the planet is near the sun, at the time
of inferior conjunction, the horns of its crescent extend far
beyond the diameter. When very near, as in 1898, the
horns coalesce, and the brightest part of the complete ring
1S then on the side next the sun, showing that the illumina-

tion is then due mainly to reflection and not to refraction
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Az JS39?

1889,JULY 1912"37PST
h=20°
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A = 1579

F1G. 64. — Jupiter
After drawings by Keeler, at Lick Observatory
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COMET RORDAME, JULY 13, 1893.

Photographed by W. J. Hussey, at the Lick Observatory.



















Fia. 65. — Saturn

After Proctor

241






SATURN 9243

278. Phases of the Rings. — The plane of the rings
coincides with the plane of the planet’s equator, and is
inclined about 28° to the ecliptic. It, of course, remains
parallel to itself at all times. Twice in a revolution of
the planet, therefore, this plane sweeps across the orbit
of the earth (too small to be shown in Fig. 66), occu-
pying nearly a year in so doing; and whenever the plane
passes between the earth and the sun the dark side of
the ring is towards us and the edge alone is visible,

F1G. 66. — The Phases of Saturn’s Rings

as when the planet is at 1 or 2; when it is at the inter-
mediate points, 3 and 4, the rings present their widest
opening.

When the ring is exactly edgewise towards us, only the largest
telescopes can see it, like a fine needle of light piercing the planet’s
ball, as in the uppermost engraving of Fig. 65. It becomes obvious
at such times that the thickness of the rings is not uniform, since
considerable irregularities appear upon the line of light at different

points. The last period of disappearance was in 1907.






























Fia. 67.

— Naked-Eye View of Donati’s Comet, Oct. 4, 1858
Bond







































266 LESSONS IN ASTRONOMY
.ase of Borrelly’s comet of 1877. Holmes’s

ordinary ones, as in the K
I'he spectrum

comet in 1892 showed a purely continuous spectrum. '
makes it almost certain that hydrocarbon gases are present in corf-
siderable quantity, and that these gases :-n'e. somehow rendered l.llllll-
nous ; not probably by any general keating, however, for there is no

Fia. 69, — Head of Donati’s Comet
Bond

reason to think that the general temperature of a comet is very high,
Nor must we infer that the hydrocarbon gas, because it is so con-
spicuous in the spectrum, necessarily constitutes most of the comet’s

mass ; more likely it is only a very small fraction of the whole.









FORMATION OF COMETS' TAILS 269

The tail is curved, because the repelled particles, after
Jeaving the comet’s head, retain their original motion, so
that they are arranged, not along a straight line drawn
from the sun to the comet, but on a curve convex to the
comet’s motion, as shown in Fig. T1; but the stronger
the repulsion, the less the curvature and the straighter the
tail. Zhere is no reason to suppose that the matter driven
off from the comet is ever recovered by it.

F1g. 71. — A Comet’'s Tail at Different Points in its Orbit near Perihelion

307. Types of Comets’ Tails. — Bredichin of Moscow
has found that the trains of comets may be classified under
three different types, as indicated by Fig. T2.

First. The long, straight rays, composed of matter upon which the
solar repulsion is from ten to fifteen times as great as the attraction
of gravity, so that the particles leave the comet with a velocity of
four or five miles a second, which is afterwards increased until it
becomes enormous. The nearly straight rays, shown in Fig. 67,
belone to this type. For plausible reasons, Bredichin supposes these
straight rays to be composed of /
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The second type is the ordinary Cllr\'e.d lmlurn(?like train, like
the principal tail of Donati’s comet. In trains of this type, supposed
. to be due to hydrocarbon
vapors, the repulsive force
varies from 2.2 times the
attraction of gravity for
particles on the convex
edge of the train to half
that amount for those on
the inner edge. The spec-
trum is the same as that
of the comet’s head.
Third. A few comets
show tails of still a third
type,—short, stubby
brushes, violently curved,
and due to matter on
which the repulsive force
is feeble as compared
with gravity. These are
assigned by Bredichin to
metallic vapors of consid-
erable density, with an ad-

mixture of sodium, ete.

308. Unexplained
and Anomalous Phe-
nomena. — A curious
phenomenon, not yet
explained, is the dark

stripe which in a large
F1G. 72. — Bredichin's Three Types of comet aj proachine the

Cometary Tails ; :
sun runs down the
center of the tail, looking very much as if it were a

shadow of the comet’s head. It is certainly not a shadow,
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The comet was so situated that the tail was directed
nearly away from the earth, and so was not seen to good
advantage, never having an apparent length exceeding 35°,
The actual length, however, at one time was more than

100,000000 miles.
A unique, and still only doubtfully explained, phenom-

enon, was a faint, straight-edged ¢ sheath ” of light, which

F1G. 74.—The ““ Sheath,” and the Attendants of the Comet of 1882

enveloped the portions of the comet near the head and

projected 3° or 4° in front of it, as shown in Fio. T4.

Moreover, there were certain shreds of cometary matter
) O

accompanying the comet at a distance of 3° or 4° when
first seen, but gradually receding and growing fainter.

o






F1a. 75. — Comet Rordame, July 13, 1893
Photographed by W. J. Hussey, at the Lick Observatory
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PHOTOGRAPHY OF COMETS 279

plates taken the day before and the day after. Other
plates, made the same evening a few hours earlier and
later, indicate that the «“knots” were swiftly receding
from the comet’s head at a rate exceeding 150,000
miles an hour. It is to be noted also that the light
of a comet’s
tail seems to
be specially
«actinie,” so
that, as in the
case of the
nebul@, photo-
graphs show
features and
details which

are entirely
invisible 1in F1G. 76. — Swift’s Comet of 1892

Photographed by Barnard
telescopes.

Fig. 76 shows Swift’s comet of 1892, at three different
dates as photographed by Barnard at the Lick Observa-

tory. The rapid changes in the structure of the tail are
very remarkable and significant.

In 1892 Barnard discovered a small comet by the streak it left
upon one of his star plates, and several similar discoveries have since
been made by others.

METEORS AND SHOOTING-STARS

315. Meteorites. — Occasionally bodies fall upon the
earth out of the sky. Such a body during its flight
through the air is called a « Meteor” or « Bolide,” and the














































































































































OPTICAL AND PHYSICAL DOUBLES 327

367. Stars optically and physically Double. — Stars may
be double in two ways, — optically or physically. In the
first case they are only approximately in line with each
other as seen from the earth; in the second case, they are
really near each other. In the case of stars that are only
optically double it usually happens that after some years

Castor

n Coronz *Virginis

r AndrOm,

F1G. 88. Double and Multiple Stars

we can detect their mutual independence by the fact that
their relative motion is in a straight line and wuniform, i.e.,
one of them drifts by the other in a line which is perfectly
straight. This is a simple consequence of the combina-
tion of their independent ¢ proper motions.” If they are
physically connected, we find, on the contrary, that the rel-

ative motion is in a concave curve; i.e., taking either of






























THE NEBULZAE 337

The nebula of Andromeda is not quite so extensive, but
is more regular in its form, —a long oval with dark lanes
in it, and a bright nucleus much like a star in the centef,
as seen in a small telescope.

The smaller nebul® are, for the most part, more or less
nearly oval and brighter in the center. In the so-called

Fi1G. 91. — Nebula in Andromeda
Roberts

«nebulous stars”’ the central nucleus is like a star shining
through a fog. The ¢ planetary nebul® " are about circular
and have a nearly uniform brightness throughout, while
the rare ‘“annular” or ¢“ring nebul®’ are darker in the
center. Fig. 92 is from a photograph of the finest of these
ring nebul®, that in the constellation of Lyra. There
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are a number of nebul® which exhibit a remarkab]a
spiral structure in large telescopes.  There are severa]
double nebule and a few that are variable in brightnegs,
though no regularity has yet been ascertained in thejy
variation. Many of the most conspicuous and interegt.
ing are, how.
ever, extremely
irregular ipn
form and strue-
ture, us for in-
stance, the Tyi-
fid Nebula and
the great nebula
of Orion (Figs.
93 and 94).

The great
majority of the
nebule are ex-
tremely faint,
even in large
telescopes, but
the few that
are reasonably bright are very interesting objects.

378. Drawings and Photographs of Nebulze. — Until very
lately the correct representation of a nebula was an extremely
difficult task. More or less elaborate engravings exist of
perhaps fifty of the more conspicuous of them, but pho-
tography has now taken possession of the field. The first
success in this line was by Henry Draper of New York, in
1880, in photographing the nebula of Orion. Since his
death in 1882 great progress has been made, both in Europe

Fi1G. 92. — Annular Nebula in Lyra

Keeler



Fic. 93, — Trifid Nebula
Kecler

Fig. 4. — Great Nebula in Orion

Keeler

00
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and in this country, and at present the photographs are
continually bringing out new and before unsuspected
features. Fig. 91, for instance, from a photograph of the
nebula of Andromeda, taken by Mr. Roberts of Liverpoo]
in 1888, shows that
the so-called «“dark
lanes,” which hith-
erto had been seen
only as straight
and wholly myste-
rious markings,
are really curved
ovals, like the di-
visions in Saturn’s
rings. The photo-
graph brings out
clearly a distinet
spiral structure
pervading the
whole nebula,
which as yet has
never been made out satisfactorily by the eye with any
telescope. This spiral structure is found more or less evi-
dent in nearly all nebul® according to Keeler. Fig. 95,
the so-called ¢ whirlpool nebula” in the constellation of
Canes Venatici, is its finest example.

F1a. 95. — Spiral Nebula

Keeler

The photographs not only show new features in old nebula, but
they reveal numbers of new nebulx invisible to the eye with any tele-
scope. Thus, in the Pleiades, it has been found that almost all the
larger stars have wisps of nebulosity attached to them, as indicated
by the dotted lines in Fig. 90, and shown fully developed in the
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photograph of Fig. 96; and in a small territory in and near the
constellation of Orion, Pickering, with an eight-inch telescope, found
upon his star plates nearly as large a number of new nebul?e as of
those that were previously known within the same boundary.

The photographs of nebule require generally an exposure of from
one to two hours. The images of all the brighter stars that fall upon
the plate are, therefore, always immensely overexposed, and seriously
injure the picture from an artistic point of view.

The photographic brightness of a nebula, to use such an expres-
sion, is many times greater than its brightness to the eye, owing to
the fact that its light consists mainly in rays which belong to the
upper or blue portion of the spectrum. It has very little red or
yellow in it. At least,
this is so with all the
nebul@ whose spectra are
characterized by bright
lines.

379. Changes in
Nebula. — It cannot be
stated with certainty that
sensible changes have
occurred in any of the
nebul®e since they first
began to be observed, —
the early instruments
were so inferior to mod-
ern ones that the older
drawings cannot be

trusted ; but some of the
differences between the F1. 96. — The Pleiades

older and more recent Roberts

representations make it

extremely likely that real changes are going on. Probably after
a reasonable interval of time photography will settle the question.

380. Spectra of Nebule.— One of the most important
of the early achievements of the spectroscope was the proof
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that the light of many nebulw, if not all, proceeds mainly
from glowing gas of low density, and not from aggregationg
of stars. Huggins, in 1864, first made the decisive obse.
vation by finding bright lines in theiwr spectra.  Thus far the
spectra of all the nebul® that show lines at all appear t,
be substantially the same. KFour lines are usually easily
observed, two of which are due to hydrogen ; but the
other two, which are brighter than the hydrogen lines, are
not yet identified.

Fig. 97 shows the position of the principal lines so far visually
In the brighter nebul@ a number of others are also some-

observed.
times seen and photographs show nearly one hundred in all, among

FiG. 97. — Spectrum of the Gaseous Nebule

which are several of the lines of Aelium. Certain stars also show the
nebular lines in their spectra, and Mr. Campbell has found one or
two which show bright hydrogen lines extending out on each side
of the star spectrum in such a way as to indicate an immense
envelope of the gas surrounding the star itself. Keeler has suc
ceeded in measuring the motion of several of the brightest nebule
by the displacement of their spectrum lines, and it appears that their
radial velocities are of the same order as those of the stars, ranging

usually from five to twenty miles a second.

381. Not all nebule show the bright-line spectrum.
Those which do (about half the whole number) are of a

greenish tint, at once recogmizable in a large telescope.




















































































370 APPENDIX

F1G. 102. — Great Double Equatorial, Visual and Photographic, of the
Potsdam Astrophysical Observatory

circle. At the extremity of the polar axis a ‘“sleeve” is
fastened, which carries within it the declination axis 7, and
to this declination axis is attached the telescope tube 7, and
also the declination circle C,







































































































































































































