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THE LUMINOUS POWER OF FLAME, 9

5. Tue Lumixous PoweEr oF FLAME.

The immediate cause of the luminosity of flame
has not yet been fully ascertained, notwithstanding
the many investigations that have been made with
this object. If a glass receiver (Fig. 1) be filled
with oxygen, and a lighted piece of phosphorus be
plunged into it from above, the phosphorus will

Combustion of a Steel Watch-spring in Oxygen.

burn with great energy and give out a dazzling
light. In the same manner most metals previously
raised to a glowing heat, as, for instance, a steel
watch-spring, will burn in pure oxygen, with the
development of an intense light.

If, on the contrary, a stream of gas issuing from
a reservoir of hydrogen be ignited in free air, it
will burn with a scarcely perceptible flame. The







































22 SPECTRUM ANALYSIS.

the lower part of the case at the back, above which
stand two reels of magnesium wire. In the front
part of the case are fixed the two cylinders through
which, by means of clockwork, the bands of mag-
nesium are pushed beneath the chimney towards
the opening in front, where they are ignited. The
atmospheric air is allowed a free entrance to the
place of combustion, both in front and at the sides,

Fi1G. §.

Professor Morton’s Magnesium Lamp.

so that a powerful draught is created, by which the
fumes of magnesia are carried up the chimney.*
In the lower part of the chimney, below the light,

* [When the light of burning magnesium is observed spectro-
scopically, in addition to a brilliant continuous spectrum, the
bright lines of the vapour of magnesium are seen, and also other
lines which Huggins found in the light of magnesia heated in the







































LUMINOSITY OF GASES. 35

9. Lumixosity oF (Gases; GEerssLer’s Tupes.

Experience has long shown that gases in a rare-
fied condition are good conductors of electricity,
while they are without exception bad conductors
when in a state of greater density. At the time
when Bunsen and Kirchhoft first introduced spec-
trum analysis into science, it was known that in an
egg-shaped glassvessel (Fig. =
10) in which the air had been

v, IO,

rarefied by an Grdinar}r air-
pump to a pressure of from

I

., to * of an inch of mercury,
the electric current would
pass with the greatest readi-
ness, in the form of a lumi-
nous arch, between the metal
knobs enclosed in the air-
ticht vessel, even when the
knobs were eight or ten in-
ches apart—an envelope of
blue light surrounding the
ball by which the negative
current entered, and a brush
of reddish lightbeing emitted
from the positive ball.

If small quantities of the

Electric Egg.

vapours of certain sub-

stances, such as alcohol, phesphorus, or turpentine,

be introduced into the glass vessel before rarefy-

ing the air, the spray of light will not merely be
3 A



36 SPECTRUM ANALYSIS.

coloured according to the nature of these vapours,
but there will be also a series of dark stripes break-
ing crossways through the light, which therefore,

Fie, 11 as 1t disperses from the metal knobs,
will no longer be continuous, but
be interrupted by dark strata.

The study of these phenomena
hasbeen simplified and considerably
extended since Dr. Geissler, of Bonn,
by a new method of rarefying air
succeeded in producing a vacuum
in glass tubes, in which the gases
to be investigated could be enclosed
in a state of extreme attenuation,
and which, by means of two plati-
num wires soldered at the end of
the tubes, could be brought into
connection with the poles of an in-
duction coil.

These phenomena vary exceed-
ingly according to the form and
composition of the glass of which
each portion of the tube is com-
posed, but especially according to
the nature of the gas enclosed, and
its degree of tenuity. Fig. 11 shows
a compound Geissler’s tube of this
kind: when in contact with the
poles of the induction coil, and the
gas rendered luminous by the pas-

(reissler’s Tube.

sage of the electric current, those portions of the





















THE VOLTAIC ARC; THE ELECTRIC LIGHT, 43

pushed backwards and forwards until the magnified
image of the carbon points 1s quite distinct on the

white paper screen P, placed about thirteen feet

Fic. 16.

The Carbon Points of the Electric Light. (Iighly magnified.)

from the lamp. With this image (Fig. 16), in

which the carbon points are magnified one hundred
times, and made to appear the length of six feet,











































































68 SPECTRUM ANALYSIS.

same plane RIQ formed by the incident ray R I
with the perpendicular I Q, and in this plane the
angle R1(Q formed by the ray R I with the per-
pendicular O P in the rarer medium (air) is, with
very few exceptions, greater than the angle SIP
formed by the ray 1 S with the perpendicular Q P in
the denser medium (water, glass, etc.) On passing
from a rarer into a denser medium the ray 1s usually
bent fowards the perpendicular in the denser medium;

Fic. 2o,

Eefraction.

and, conversely, on passing out again from the
denser into the rarer medium, it is bent from the
perpendicular.

The relative proportions of the two angles R 1 Q
and S I P may be ascertained by describing a circle
with any radius from the point I, and letting fall
the perpendiculars T U and 5 P from the points
of intersection T and S upon the line QO P. These
perpendiculars are called the sines of the angle






70 SPECTRUM ANALYSIS,

R, 1t will again dewviate to an ¢gua/ amount from the
perpendicular R N*, so that in whatever direction
the incident ray S I may fall, the emergent ray R F
always remains parallel to it. A spectator at F, on
the opposite side of the glass plate M M, would re-
ceive the incident ray S I in the direction R F, and
would see the luminous point S, whence the ray
S I emanated, in the direction R S*, so that this
point would appear in a different place, S, to that
which it really occupies.

FiG, 21,

Path of the Rays through a Medium with Parallel Sides.

By the same principle can the daily phenomenon
be explained that in looking through a window,
though the rays pass from the air through the glass
before reaching the eye, the outside objects do not
appear either distorted or broken, as is the case with
the stick held in water. Refraction does, in fact,
occur in all those places where the line of sight is
not perpendicular to the pane of glass. The objects



REFRACTION OF LIGHT. 71

are, notwithstanding, free from distortion, because
the incident and emergent rays are parallel, though
they do not form continuous straight lines ; conse-
quently, as the displacement of the rays is every
where the same, the objects appear through the
window in the same relative positions as when
viewed without the interposition of the glass. It
may be easily proved that the images of all
objects seen through a window pane are really

Refraction through Glass of Parallel Surfaces.

displaced, and appear in a different position from
the one they actually occupy, by comparing one
part of them seen through air alone with another
part seen through glass. As this displacement is
but small through thin glass, it will be well, in
making the experiment, to choose a piece of thick
glass, and always to look at the objects obliquely.
If a piece of thick glass, Fig. 22, be laid on any
drawing so as only to cover one half, in order that
one part may be seen through air and another
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through glass, the displacement of the portion under
the glass will be seen clearly when the drawing is
looked at obliquely.

The refraction of ligcht may be demonstrated to a
large audience in the following manner, by the use
of the oxyhydrogen light (Part I., p. 28). The oxy-
hydrogen lamp is placed in the same lantern which
was used for the representation of the electric light

Iefraction exhibited on a Screen.

(Part I., Fig. 15). The rays emitted by the incan-
descent lime, K, are rendered parallel by the lens
L (Fig. 23) in the inside of the lantern, and in this
form they pass through the ring R, across which 1s
fixed a brass arrow. By means of another lens, L,,
placed at the same height as the arrow, but at some
distance from it, an enlarged inverted image, PP,
of the arrow is obtained upon the screen, and the










MONOCHROMATIC LIGHT.

]
L%

being parallel, form an angle with each other, as,
for instance, in a three-sided glass prism, Fig. 25.
For the convenient handling of such a prism, so
that it may be turned about without the glass sur-
faces being touched, 1t 1s usually mounted on a brass
stand, as shown in Fig. 26, when the edges where
the surfaces unite can be placed at will in a
horizontal or vertical direction.

In order to follow the path of a ray of light

FiG. 2

Lo

The Prisin.

through a prism, let A B C, Fig. 27, represent the
section of a prism standing on its base, and let the
ray D ¢ fall in the plane of the section upon the sur-
face AB. The ray on entering the glass 1s bent
towards the perpendicular /e in the direction ¢ /.
After passing through the prism in a straight course,
it isagain bent at /% on emerging into the air, and 1s
permanently deflected from the perpendicular ¢ /4 in






MONOCHROMATIC LIGHT, 77

the angle formed by the emergent ray (ZE) with
the course D D, of the incident ray is called the
angle of deviation, or angle of refraction.

Fig. 28 will illustrate this more clearly: the
incident ray S passes through the prism after its
first refraction at I in the direction I E ; it becomes
refracted a second time as it emerges at E, and
then proceeds in the direction ER. In all the
three figures the dotted lines IN and E N* are
drawn perpendicular to the surfaces of the glass;

FicG. 27.

Path of a Ray of Light through a Prism.

the ray i1s deflected in the denser medium of the
glass towards this perpendicular, while it is bent
away from 1t in the rarer medium of air, so that
the angle it makes with the perpendicular is always
greater in the air than in the glass. In the second
figure the incident ray S I passes unrefracted
through the prism in the direction I E, because
S I 1s perpendicular to the surface of the prism.
In the third figure the incident ray S 1 and the
emergent ray E R form the same angle with the



78 SPECTRUM ANALYSIS.

surfaces of the prism, in which position there occurs
the smallest divergence of the emergent ray ER

from the direction of the incident ray IS, and

Retraction of a Ray of Light by a Prism

this is therefore called the position of Afinimun:
of deviation.

A luminous point is seen, as is well known, in



MONOCHROMATIC LIGHT. 70

the direction in which the rays proceeding from it
reach the eye. If, therefore, the rays from a candle
(Fig. 29) are made to pass through a prism before
reaching the eye, and the prism so placed that the

ORI

Viewing Objects through a Prism.

rays are bent down towards the base, the eye sees
the flame in the direction of the emergent rays—
that is, in a higher position than it really occupies.
If, on the contrary, the prism be turned round so





















86 SPECTRUM ANALYSIS.

from the prism it no longer remains one single ray,
as 1t entered the window shutter, but is separated
into very many single-coloured rays, which as they
continue to diverge, form upon the screen an elon-
gated band of brilliant colours, instead of the former
round white image of the sun. In this brilliant

F1G. 32.

Exhibition of the Solar Spectrum,

band the individual colours blend gradually one into
the other, beginning at that end lying nearest the
direction of the incident ray (the lowest end in the
ficure), with the least refrangible colour, a dark and
very beautiful red; this passes imperceptibly into
orange, and orange again into bright yellow; a















LIMELIGHT AND ELECTRIC LIGHT,
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LIME-LIGHT AND ELECTRIC LIGHT. 97

of the samé colours must reproduce white light:
The simplest method of collecting several rays of
light into oné point 1s by a convex lens or a
burning-glass. If the sun’s rays fall perpendicularly
on such a glass, the refraction they suffer in their
passage through it causes them to converge to one
point—the focus. To accomplish by this means
the recombination of the coloured rays of the
spectrum of the electric light, a cylindrical lens

Fic. 37.

Recombination of the Colours of the Spectrum,

must be interposed between the prism and the
screen on which the spectrum of the small line of
light issuing from the slit is extended to a length
of some six feet: this lens is a convex lens of
peculiar form, which possesses the property of re-
combining in a point all the rays issuing from each
point of the line of light passing through the slit

after dispersion by the prism, and therefore of
7
















































SPECTRUM APPARATUS. 13

makes with the surface upon which it falls. When
a prism is so placed that the coloured ray in the
spectrum suffering least deviation is the one which
possesses the mean wave-length—about 0°000549 of
a millimetre (vide p. 82)—which 1s situated between
the yellow and the green, the prism is then said to
be in the position of minimum deviation; strictly
speaking, however, the prism has a special position
of minimum deviation for each coloured ray. The
angle formed by this central emergent ray with the
incident ray is the measure of the refractive or

FIG. 43.

Nentralization of Refraction and Dispersion.

deviating power of the prism, while the length of
the spectrum is the measure of its decomposing or
dispersive power.

If two prisms, A and B (Fig. 43), of similar com-
position and equal refracting angle, be placed in
reversed positions, the incident ray E, of white light,
will be refracted by the first prism A, and decom-
posed into its coloured rays; the second prism B,

however, which refracts in an opposite direction,
3









116 SPECTRUM ANALYSIS.

suffer no divergence, so that a luminous object
may be viewed in a rectilinear direction, and a
spectrum be obtained, since the dispersion produced
by the flint-glass prism i1n one direction i1s greater
than that produced by the two crown-glass prisms
in the opposite direction.

Fig. 45 exhibits another form crf direct-vision
prism, contrived by Professor A. Herschel for the
observation of meteors. The ray of light E under-
goes two total reflections from the inner surfaces of

Herschel’s Direct-vision Prism.

the prism before it emerges from it in the form of
the spectrum F, in a direction parallel to E. The
construction, however, of such a prism is surrounded
with difficulties, since the action of each surface
is required in the course of the rays, and it 1s
exceedingly difficult to attain sufficient accuracy 1n
the angles @ and .

Browning, the optician, has overcome these dif-
ficulties by combining two such prisms. In the
Herschel-Browning system of prisms (Fig. 46), the
ray F, which emerges from the first prism A in
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a direction parallel to the incident ray E, is brought
back again by the second prism B to the direction
of the incident ray, so that the central emergent
coloured rays G form an exact prolongation of the
incident ray E.

Janssen, of Paris, adopting Amici’s construction,
has produced, with the help of the excellent opti-
cian Hofmann, a direct-vision spectroscope, which
from the facility with which it can be used, its
moderate price, and the great purity and length of
the spectrum it produces, has become an instrument

Herschel-Browning’s System of Prisms.

indispensable to the chemist, the physicist, and the
astronomer.

Janssen’s direct-vision spectroscope, Fig. 47, has
the appearance of an ordinary telescope, and can
either be held in the hand while in use, or placed,
when steadiness is required, upon a small revolving
stand. The several parts are sketched in the draw-
ing above the instrument, in the same positions
that they occupy within the tube. In front, at the
end which is directed towards the source of light,
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the accurate adjustment of the angles of the prisms,
that the emergent central coloured rays F have
precisely the same direction as the incident rays E,
and therefore pass in a straight line through the
tube LG M O, in which the compound prisms
occupy the space between L. and G. The lenses

FI1G. 48.

Janssen's Direct-vision System of Prisms,

a and a behind G form the object-glass; ¢ and o
in the small sliding tube O, the eyepiece of the
telescope through which the spectrum is observed.
Browning has manufactured another direct-vision
spectroscope, with seven prisms, which commends
itself by the excellence of its performance, the

FI1G. 49.

Browning's Miniature Spectroscope.

facility of its use, the smallness of its dimensions,
the purity of colour, and its low price. A sketch
of it is shown in Fig. 49; the slit is simply regu-
lated by turning round a ring at the end of the
tube, and the spectrum is observed direct without a
























SPECTRUM APPARATUS. 127

by Kirchhoff and Bunsen. The eye of the observer
1s placed in the axis of the telescope directed to that
surface of the prism from which the light emerges
in the form of the spectrum; the opposite surface of
the prism receives through the slit and collimating
lens the light emitted from the object to be exa-

FiG. §2.

mined ; at the side of the observer is the tube carry-
ing the illuminated scale, or the micrometer screw,
so that the mark coinciding with any division of the
scale may be placed on any line of the spectrum.*

* The description of the microspectroscope, telespectroscope,
and meteor-spectroscope will be given further on.












SROWNING'S AUVITOMATIC SPECTROSCOPE. 131

optician Merz, of Munich, prisms have been manu-
factured lately of the densest lead glass, having
a specific gravity of 4'75; one of these prisms with a
refracting angle of 60° is quite as efficient as the
four prisms together employed in Kirchhoff’s in-
*

strument, Fig. 53.

Path of the Ray through the Nine Prisms.

27. BRowNING'S AUTOMATIC SPECTROSCOPE,
Spectroscopes consisting of several prisms are
usually adjusted by finding the minimum of devia-
tion for the édrightest rays,—those, for instance,
situated between the yellow and the green,—for each
prism which 1s then permanently secured to its
* [Very dense glass has the disadvantage of not being colour-
less. In lead glass the absorption of light due to this cause is

almost wholly confined to the part of the spectrum more refrangible

than F.]
0 A







































144 SPECTRUM ANALYSIS,
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INFLUENCE OF TEMPERATURE ON SPECTRA, 165

bright light appears in the red and 1n two places
in the green, and with an increase of pressure the
spectrum assumes more and more the character of a
spectrum of bands (I. order) extending from orange
to blue, but still crossed by a series of bright lines
between H o« and Hf3. Up to a pressure of eight
inches this spectrum retains its full brilliancy, but as
the pressure increases to sixteen inches 1t gradually
loses in intensity, without its general character

Fic. 6q.
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grean blue violet

Spectra of the vanous Orders.

being essentially altered, excepting that the indi-
vidual lines, as was observed by Plicker, begin to
widen.

It the pressure be still further increased, the spec-
trum becomes brighter again, the yellow and the
orange gradually reappear, the line H a remains































































186 SPECTRUM ANALYSIS.

coloured liquids which show their absorption in a
very characteristic manner, as, for instance, a solu-
tion in ether of chlorophyll—the green colouring

matter of leaves,—a solution in water of the colour-

ing matter of human blood, or a thin laver of
potassium permanganate solution.
If a continuous spectrum of white light about
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Spectra of Absorbent Substances.

six feet long be projected in the usual way, and
a glass vessel (Fig. 70) composed of flat plates
containing the chlorophyll solution introduced into
the path of the rays, the spectrum on the screen
will be seen immediately to change. Dark bands
(Fig. 71, No. 2; Frontispiece No. 10) appear
in the red, as well as in the yellow, green, and

































SORBY-BROWNING |IMICRCGSPECTROSCOPE. 197

always produces the dark lines of the solar spec-
trum, and these might easily be confused with the
absorption lines. In fact it is only necessary when
dark bands are observed in the spectrum of a sub-
stance to bring the line of light in the micrometer
upon the spectrum (Fig. 76), and place it by means
of the screw M in coincidence with the absorption
lines to be measured, and then read off the number
upon the divided screw-head. The numbers read
off for the various lines need only be compared with

FiG. 171.
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Scale for the Microspectroscope.

the divisions of the scale of the normal spectrum,
in order to determine at once the position of these
lines in the spectrum for all similar investigations.
Should a more complete representation of the ab-
sorption spectrum be required, it is only necessary,
as shown in the lower half of Fig. 77, to draw the
lines according to the numbers read off on the
micrometer screw-head upon a spectrum furnished
with thescale of the normal spectrum. The bright




























































REVERSAL OF SPECTRA OF GASES. 217

indeed almost black, when all conditions are favour-
able,—the burner and chimney rightly placed, and
the supply of gas suitably adjusted. The heat flame
o emits with intense brightness the light of sodium ;
the small sodium flame & in front of it absorbs
these rays as they pass through it; and as it is
much less luminous than the flame g, it appears

&2

dark by contrast with the bright background.

FIc. 84.

Absorption of the Sodium Flame,

Desaga of Heidelberg, the constructor of this
apparatus, has lately much simplified it by uniting
the two burners, and fixing the common supply
tube by means of a single stopper on to a larger
bottle.

T'he experiment of reversal may be easily shown
by the use of a spectroscope in the following
manner. The instrument is so directed on to a













































232 SPECTRUM ANALYSIS.

carbon is very much longer than that given by a
flint-glass prism, and this even is surpassed by one
obtained from oil of cassia.

As the length of the spectrum is increased, the
separation between the }*J‘Emnh{_':ﬁ:r lines increases
also, but by no means in equal proportions. If,
for example, the spectrum of the flint-glass prism
were exactly twice the length of that of the crown-
glass prism, the distance between any two dark lines,

Fic. 86,

Flintelass

B C ) E F G H

H{ 1)

BOC W : G

Solar Spectrum with Prisms of Flint Glass, Crown Glass, and Water.

F and B for instance, will not be exactly twice as
great in the one spectrum as in the other. In the
water spectrum F B = F H, the crown-glass spec-
trum is longer, but the various divisions formed by
the Fraunhofer lines have not increased in equal
proportions. In the water spectrum B = I' H,
while in the crown-glass spectrum I B 1s somewhat
smaller than F H; by this latter prism, therefore,

the blue and violet end is rather further extended
































































































244 SPECTRUM ANALYSIS.

line, corresponding to a bright line given by nickel,
appears between the two dark lines.*

Two portions of the spectrum, the one situated
in the yellow between 120 and 125 of Kirchhoff’s
scale, and the other in the green between 150 and
154, are represented in Fig. go. The lower thirteen
bright lines, designated Fe.—=Ferrum (iron), are lines
in the spectrum of iron; they fall in exact accord-
ance with an equal number of dark lines in the

FiG. go.

b ]
Fy

i H!H!I*f’ |

[ *r.-

Coincidence of the Fraunhofer Lines with the Lines of Iron and Calcium.

solar spectrum. The remaining twelve bright lines
indicated by dots belong to the spectrum of calcium,
and are coincident with as many dark lines in the
solar spectrum. Between these dark lines in Kirch-
hoff’s drawing are several other lines, some of
which coincide with the bright lines of terrestrial
substances, while others are due to some other
effects of absorption.

* [There is at least one fine line between D, and D, which be-
longs to sodium, and which may be seen as a bright line when a
source of light containing sodium is examined. ]
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than 460 bright lines of iron, with an equal number
Ei0H9): of the Fraunhofer lines.

The complete coinci-

dence of so many bright

lines in one and the same

substance with the same

number of dark lines of

.'-|'|1_*|'I_ rLum

(r

the solar spectrum, shows

Imon

conclusively that it cannot
be the effect of chance. A
glance at Fig. g1, in which
the coincidence 1s shown
of more than sixty of
Kirchhoff’s observed lines
of iron, with as many dark
lines in various parts of
the solar spectrum between
C and F, justifies the con-
clusion that those dark
lines are to be ascribed
to the absorptive effect
of the vapour of iron pre-
sent in the atmosphere of
the sun. The likelihood
that such a coincidence of

F\

sixtvlines is amerechance,

-
ot

bears a proportion to the
supposition that theselines

i
=

L]

really make known the pre-

=

sence of iron in the sun’s

Coincidence of the Spectrum of Iron = :
with 65 of the Fraunhofer Lines. EltI'llDE}’IhCI'E*, accc:r{hng to
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SPECTRUM ANALYSIS,

(Telluric Lines. )

93.—Janssen’s Solar Spectrum on the Meridian and at the Horizon.

Fic.

fluence is also exerted by
this vapour on the invisible
portion of the solar spec-
trum beyond the red (that
is to say, in the heat spec-
trum), where it produces
absorption lines; and,
finally, that it affects the
whole of the violet portion
of the spectrum in a man-
ner more nearly uniform
than selective.
Theabsorption spectrum
of aqueous vapour con-
sists therefore of all the
lines introduced into the
continuous spectrum by
the aqueous vapour of the
earth’s atmosphere: it is
an absorption spectrum
which may be easily con-
structed for the portion
between Cand D byleaving
out all those lines from
the lower part of Fig. 93,
which agree exactly in ap-
pearance with those in the
upper half. It has been
proved that the groups
marked Cf3 and D arise
from the aqueous vapour












264 SPECTRUM ANALYSIS,

part of the spectrum least affected by the telluric
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g5.— The Telluric Lines in the Solar Spectrum after Angstrom.

Fic.

absorption lies between D
and é.

Angstrém concurs with
Brewster that nearly all the
changes of colour observed
in the red glow of sunrise
and sunset find a simple ex-
planation in the phenomena
of atmospheric absorption,
whereby all the ingenious and
elaborate explanations hither-
to attempted are completely
set aside.

5

Angstrom i1s of opinion
that the bands A, B, « and ¢
are not produced by the
aqueous vapour of the atmo-
sphere, since they are very
constant, and are not affected
apparently by changes of
temperature; whether other
gases contained in the atmo-
spheric air, as, for instance,
carbonic acid gas, exercise an
influence upon them, has yet
to be investigated.

[t i1s fully admitted that
other heavenly bodies besides

the earth may be surrounded

by an atmosphere; Janssen’s discovery of the spec-









THE SOLAR SPOTS. 267

If the sur be observed with a high power, the sur-
face presents by no means a uniform appearance;
a multitude of bright and dark stripes cross each
other in all directions, and the luminous surface
appears like a net of bright meshes interwoven with

Fi1c. 97.

Granules and Pores of the Sun’s Surface, after Huggins.

dark threads and small dark pores. The brightest
portions (Fig. 97) show a more or less elongated
form (compare Fig. 101), which suggested to Na-
smyth the name of ‘ willow leaves,”” while Dawes
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the * leaves’ directed towards the umbra, and the
surrounding luminous surface of the sun presenting

Fi1c. 10I.
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Group of Solar Spots observed and drawn by Nasmyth, 5th June, 1864.
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penumbra begin to diminish, and finally dis-
appear.

The Changes in the Appearance of a Spot caused by the Rotation of the Sun.
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hereafter, made an examination of the spectrum of
a solar spot on the 15th of April, 1868, and then
found, in accordance with the previous observations
of Secchi and Lockyer, that, notwithstanding the
darkness of the spot, the continuous solar spectrum
did not disappear, but that several dark lines in-
creased 1n dreadth and intensity, as shown in Fig. 107
for the double D-line. New lines did not appear in
the spectrum formed by the light of the umbra of a
spot, but no single line was missing from the normal

solar spectrum ; bright lines were scarcely ever to

FiG. 107.

The D-lines in the Spectrum of a Solar Spot.

be seen. These phenomena cannot well be recon-
ciled with Faye’s hypothesis that a spot is formed
by the eruption of streams of gas from the interior
of the sun, by which the bright photosphere is
pushed on one side, and the da74 ball of gas com-
posing the nucleus of the sun exposed to view; for
how can the persistence of the continuous spectrum
be explained if by the rending of the photosphere a
dark body be exposed which can yield no light for
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spectrum of the um-
bra : one in the red
near C towards B;
another near D, and
a very dark zone
half-way between C
and D. A wide dark
Space was seen in
the green, and it is
specially deserving
of notice that several
bright lines made
their appearance
upon this dark back-
ground, two and two
together, at mode-
rate distances from
each other, and so
brilliant that their
light had not ap-
parentlysuffered any
absorption ; a dark
band was also visible
in the blue near F.
Other dark lines
become wider and
darker in the umbra
of a spot besides the
two already men-
tioned belonging to
calcium 719'5 and
864 of Kirchhoff's
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When the total darkness has commenced, the
prominences make their appearance, which are cloud-
like masses of a rose or pale coral colour, disposed
either singly or in groups at various places on the
moon’s limb.

They pierce the corona in the most wonderful
forms, sometimes as single outgrowths of enormous
height, sometimes as low projections spreading far

Fi1G. 109.

Total Solar Eclipse of 7th August, 1869.

along the moon’s limb. The prominences are
generally first seen on the eastern (left) side of the
























PHOTOGRAPHIC PICTURES OF ECLIPSES. 307

neither the one nor the other. The focus required
for the plate,—that is to say, the distance the tube ¢
(Fig. 112) had to be withdrawn from R R,—was as-
certained by previous trials; for this purpose a round
sliding shutter was constructed at the back of the
door a (Fig. 110), which when open allowed of a
view into the interior of the dark slide on to the
ground glass.

The two pictures represented in Fig. 114 are
faithful copies of the photographs taken by De la

Fic. 114.

Total Eclipse of 13th July, 1860, (Photographed by Le la Kue,)

Rue at Rivabellosa, in Spain, on the 18th of July,
1860 : the first shows the appearance of the eclipse
at 3h. om. 40s.; the second at 3h. 3m. 50s., G.M.T.
The corona appears as a soft gentle light round the
intensely black moon; the prominences stand out
conspicuously in different parts of the corona, and
among them one at the upper left side assumed the
form compared by De la Rue to a Turkish scimitar,

and reached the enormous height of 70,000 miles.
20 A
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was over. All seemed but the work of a moment,
so rapidly had the time flown. The second plate
gave in developing only faint traces of an image,
and showed peculiar markings; this was explained
by thin passing clouds which had almost entirely
interrupted the photographic action. The third

Fig, 116,
W
?-_.ILI'\J

L}‘H-q..:
Frf’
E e , o : g Brapire )
Total Solar Eclipse of 18th August, 1868, (Observed at Aden.) (Ihicture I.)

plate (Fig. 117), taken during the third minute of
totality, showed two successful pictures, with promi-
nences on the lower limb, as seen in an inverting
telescope. The fourth picture (Fig. 118) was taken
at the last moment of totality, and exhibited vet
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more plainly the prominences that had already ap-
peared on the western limb of the sun.”

By uniting in one drawing (Fig. 119) the various
photographic pictures taken during the totality, a
very correct conception may be formed of the way
in which the prominences were arranged round

the sun’s limb at the time of the eclipse. The

F1G. 117.

/

Total Solar I'-.I.']il':"'-:il‘l.-uj— 18th August, 1868. (Aden.) (Picture 2.)
Chemical action of the light of the corona was not
sufficiently powerful to leave any impression on the
prepared plate during the short time of exposure ;
but through the telescope, and even with the un-
assisted eye, this phenomenon was seen at every
station in all its glory.

I'he great prominence on the eastern limb of the
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sun had an elevation of about one-fourteenth of the
sun’s diameter, or about 60,000 miles.

In the various drawings of the totality, more or
less carefully executed, which have been contributed
by different observers, the prominences are very
differently represented both as to size-and position.
After rejecting those unworthy productions prepared

Fic. 118, 1w
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E
Total Solar Eclipse of 18th August, 1368, (Aden.) (Picture 3.)

for sale which are finished merely'for effect according
to the fancy of the artist, the chief cause of these
discrepancies will be found to arise from the fact
that the sun’s disk assumes a different position with
respect to the horizon according as it is observed
at sunrise, noon, or sunset, The same prominence

therefore appears to occupy a different position with
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respect to the horizon in a picture taken early in the
morning at Aden to that in which it appears in one
taken at midday at Celebes. Another cause of
discrepancy is to be found in the difference of time
(about seven hours) between the extreme ends of
the central line of totality or zone of observation,

Fic. 119.

/ W
!

E
Union of the Prominences in one drawing.
one of which was at Aden and the other at Celebes,
and during this time great changes may have oc-
curred in the position and size of the prominences.
When it 1s remembered also that the image of the
eclipsed sun appears inverted in an astronomical
telescope, the upper part being seen below, and the
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coincidence of the large prominence in all the pic-
tures, has composed a drawing (Fig. 120) which
not only gives a representation of the prominences

Fic. 121.

Total Solar Eclipse of 18th August, 1868, at Mantawaloc-Kekee.

that made their appearance during the course of the
eclipse, but also shows clearly by the first and second

inner contacts the beginning and the end of the
20 A
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from which the pale red prominences projected at
various places. The Austrian observers, as well
as the French observers Stéphan, Tisserand, and
Janssen, speak very decidedly of the formation of
an intensely bright and very narrow ring of light
immediately round the edge of the moon ; there is,

|
[

E
Solar Eclipse of 18th August, 1868, observed from the Steamer Rangoon.

therefore, scarcely any doubt that the lower part of
the corona belongs to the sun, and that this e/ose
appendage of the sun s highly luminous, but that the

tnlensily rapidly diminishes at a little distance JSrom the
edge.



328 SPECTRUM ANALYSIS.

The observations of the total solar eclipse of the
18th of July, 1860, in Spain when the prominences
were photographed (Fig. 114), as well as examined
telescopically by many eminent astronomers, left
scarcely any doubt that these remarkable forms are

of a gaseous nature, and belong, not to the moon,

FiG. 123

N,

Solar Eclipse of 18th August, 1868, observed at Wha-Tonne by Stephan.

but to the sun. The eclipse of the 18th of August,
1868, afforded an opportunity for acquiring com-
plete certainty on this subject.

At the same instant that the corona started into

view, the prominences also became visible on the
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eastern limb of the sun, precisely at the spot where
the last rays of light disappeared at the commence-
ment of the totality. The first of these prominences,
to the left of the vertical line (Fig. 116) was of an ex-
traordinary height, and shone with an intense rose-
coloured light; the other prominence at the right

FiG. Iz4.

W

; SR L S
Solar Eclipse of 18th August, 1868, observed at Mantawaloc-Kekee.

side of the vertical line was of a similar colour and
of equal brilliancy, but was neither so high nor so
beautiful in form.

Fig. 122 shows the great prominence as observed
from the steamer Rangoon at the beginning of total
darkness, when another prominence, much less in
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in which the prominences appeared only as bright
spots, while the inner ring of light, as well as the
outline of the whole corona, and the peculiar curve
of its rays, are clearly shown. Fig. 126 is an exact
copy of this picture, with the exception that in the
original the light fades away more gradually, and
the rays are not so sharply defined.

When the corona is observed through a large
telescope, only a small portion of it can be seen ﬁt
once, and the instrument must be gradually turned

Photographic Picture of the Corona, jth August, 1869.

round the entire limb of the moon in order to obtain
a general view of the whole. Professor Eastman,
who 1nstituted observations of this kind at Des
Moines, has published two pictures of the corona,
one of which, represented in Fig. 127, was taken at
the commencement of the totality, and the other
just before its termination. The instant the totality
began, the corona made its appearance as a light of
silvery whiteness, with an exceedingly tender flush
of a greenish-violet hue at the extreme edges, and



TOTAL ECLIPSE GF-1869. 343

not the slightest change was perceptible during the
totality in the colour, the outline, or the position
of the rays—an observation confirmed by Professor
Hough at Mattoon (Illino1s), by Gill, and by several
others.

FIG. 127.

The Corona of the Eclipse of 7th August, 1869, at Des Moines.

The corona appeared to consist of two principal
portions : the inner one, next to the sun, was nearly
annular, reaching an. elevation of about 1’y and in
colour of a pure silvery whiteness; the outer por-
tion consisted of rays, some of which grouped
themselves into five star-like points, while. the
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others assumed the appearance of radiations, and
were the most sharply defined; the corona was
scarcely visible between the prominences @ and 4.
The star-like rays attained a height equal to half the
diameter of the sun.

Gould’s Drawing of the Corona of 7th August, 1859 (4h. 58m.)

Dr. B. A. Gould observed the corona with the
unassisted eye at Burlington, and made three com-
plete drawings of it during the totality, at intervals
of one minute. In Figs. 128 and 129 two of the
pictures are given, one representing the corona
at the commencement of the totality, at 4h. 58m.,
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and the other at sh., immediately before its termi-
nation. These pictures by Gould appear to be
opposed to the observations cited above, that the
corona preserved the same appearance throughout
the totality, inasmuch as they seem to show some

F1G. 129.

Gould's Drawing of the Corona of 7th August, 1869 (5h.)

evidence of change. This observer therefore main-
tains that owing to the long exposure of forty
seconds, the sharp photographic picture (Fig. 126)
does not represent the corona, but another lu-
minous atmosphere of the sun—the chromosphere.









348 SPECTRUM ANALYSIS,

turned away from the sun’s limb, a phenomenon
which seems to indicate that a portion of the mass
of glowing gas composing the prominence stretches

Fiac. 130.
T H

I
| [ | |
| il | | Solar Spectrum
I_ -

red nrange yaellow | fereen " blne ' indigo  vial

Ha

-—-- j[.:l.:!‘.r“-‘.un.

Prom :—apectrum
Janssen

Various Spectra of the Prominences,

far upwards into the sun’s atmosphere in a state ot
extreme rarefaction.
. Herschel (No. 4) made use of a spectroscope
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the vapour of the meteoric dust, but more probably
from a solar atmosphere through which the meteoric
particles move as foreign bodies.

““ 3. A true sunlight spectrum (with its dark lines),
formed by photospheric light reflected from the
solar atmosphere and meteoric dust. To this re-
flected sunlight undoubtedly is due most of the
polarization.

““4. Another component spectrum is due to the
light reflected from the particles of our own atmo-
sphere. This is a mixture of the three already
named, with the addition of the chromosphere spec-
trum ; for while at the middle of the eclipse the air
is wholly shielded from photospheric sunlight, it is
of course exposed to illumination from the promi-
nences and upper portions of the chromosphere.

““5. If there should be between us and the moon,
‘ at the moment of eclipse, any cloud of cosmical

dust, the light reflected by this cloud would come
in as a fifth element.”

Mr. Proctor (Monthly Notices, vol. xxxi., p. 184)
considers that we have evidence of vertical dis-
turbance, with reference to the sun’s globe, in the
objects which surround the sun, and that these are
not of the nature of concentric atmospheric shells.
The observations, he remarks, of Zollnerand Respighi
show that the prominences, as respects their first
formation, are phenomena of eruption. The velocity
with which the gaseous matter of the prominences
must pass the photosphere must be in many cases
at least 200 miles per second, and its initial velocity
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appear bright under similar circumstances in the
spectrum of the chromosphere, and on the 17th of
April, 1870, hundreds of such bright or reversed
Fraunhofer lines were observed by Lockyer at a
spot in the chromosphere where a prominence was
situated. The complications in the spectrum of the
chromosphere were most remarkable in the regions
more refrangible than C, and in those extending
from the line E to beyond 4, and as far as the
neighbourhood of F; the vapour of iron under

FIG. 143.

Partial covering of the dark F-line with H 8.

extreme pressure seems to be an important agent
in this phenomenon.

Among the most remarkable phenomena observ-
able in the bright lines of hydrogen gas seen in the
spectrum of the chromosphere is that of the widening
at the base and pointed arrow-like termination of
the greenish-blue line H [3, as well as the narrowing











































































OBSERVATION OF PROMINENCES IN SUNSHINE. j27

By the same means Zollner saw the prominences
for the first time on the 1st of July, 1869. He has
published the results of his observations, and ac-
companied them by a series of highly interesting
drawings of some of the larger prominences, in

Fic. 149.

I 2 3

2 July, sh. zom. 1 July, 3h. 45m. 1 July, 6h. 45m.
‘-;3.\-‘_ limh. M.E. limb. Pos. angle = 76,
Height = 38", Height =c. 120", Height = 35 to 40",
4 5 6

2 July, 11h. 35m. 4 July, gh. om. 4 July, 6h, som.
Pos. angle = 278°, 5.E. limh, MN.W. limb,
Height = ¢. 65" Height =c. 40", Height = 35",

Solar Prominences observed by Zéllner.

which their origin, development, and subsequent
disappearance are very clearly exhibited.

slit to render the prominences less distinct than when seen by the
method of using a wide slit, and more than to counterbalance the
advantage of viewing at once a much larger portion of the sun's

timb.l
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nitely delicate cloud-films, of an English hedgerow
with luxuriant elms; here of a densely intertwined

4
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Lockyer's Observation of various Prominences.

tropical forest, the intimately interwoven branches
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Slight changes in the form of the prominences
may be watched almost without intermission with
an open slit; great changes as a rule take place only
very slowly, or quite imperceptibly. In some cases,
however, the change in the form of a prominence

FiG. 151,

Young's Observations of various Prominences.

is so extraordinary and occurs with such rapidity
that it can only be ascribed to extremely violent
agitation in the upper portions of the solar atmo-
sphere, compared with which the cyclonic storms

occasionally agitating the earth’s atmosphere sink
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into insignificance. The observation of such a solar
storm has been thus described by Lockyer :—
““ On the 14th of March, 1869, about g h. 45 m.,

Young's Observation of a Chain of Prominences.

with a slit tangential to the sun’s limb instead of

FI1G. 153,

Solar Storm observed by Lockyer on the 14th March, 1869, (Picture 1.)

radial, which was its usual position, I observed a
fine dense prominence near the sun’s equator, on

28 A
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the eastern limb, in which intense action was evi-
dently taking place. At 1oh. som., when the action
was slackening, I opened the slit; I saw at once
that the dense appearance had all disappeared, and
cloud-like filaments had taken its place. The first
sketch, Fig. 153, embracing an irregular prominence
with a long perfectly straight one, was finished at

Storm observed by Lockyer on the 14th March, 1869, (Picture 2.)

11h. 5m., the height of the prominence being 1’57,
or about 27,000 miles. I left the Observatory for a
few minutes, and on returning, at rth, 15m., I was
astonished to find that part of the straight pro-
minence had entirely disappeared; not even the
slightest rack appeared in its place : whether it was
entirely dissipated or whether parts of it had been
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wafted towards the other part, I do not know, al-
though I think the latter explanation the more
probable one, as the other part had increased, which
1s to be seen clearly in the second sketch that was
taken, Fig. 154."”

The four drawings given in Fig. 155 were made
from one and the same brilliant prominence observed
by Professor Young on the 7th of October, 186q.

Fic. 135.

Changes in the Form of a Prominence.

Its place was estimated at 125° (position angle), its
breadth was — 7°, and its height measured 75t Ithe
changes in its form took place with extraordinary
rapidity ; the four drawings were made at the fol-
lowing epochs, 2h. 20m., 2h. 35m., 2h. 55m., and
3h. 3om. A nearly horizontal movement of the
various masses of cloud was perceptible in the
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this line. When this height exceeded 1’ the ob-
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Respighi's Observations of the Prominences round the entire Limb of the Sun.

servation was made 1n parts from the sun's limb

outwards, since by a wider opening of the slit the
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proaching and at the other receding from the earth,
for in each case the displacement of the F-line oc-
curred only on one side. Where the displacement
was towards the red, a lengthening of the ether waves
had taken place, and consequently the stream of gas
(Fig. 157, 4) was receding from the earth; the dis-
placement or expansion of the F-line towards the
violet only, proved, on the contrary, a shortening of
the ether waves and the approach of the stream of
gas (2) towards the earth.

F1c. 159.

T

i

I 2 3

Movement of a Gas-vortex in the Sun.

Fig. 159 shows such a circular storm or cyclone
observed by Lockyer on the sun’s limb on the 14th
of March, 1869. With the first setting of the slit
the image of the bright F-line (H f3) in the chromo-
sphere appeared in the spectroscope, as in No. 1;
a slight alteration of the slit gave in succession the
pictures 2 and 3. There occurred also a simul-
taneous displacement of the bright F-line towards
both the red and violet—a sign that at that place on

the sun a portion of the hydrogen gas was moving
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The prism P is mounted in a ring turning on a
horizontal axis, which by means of the lateral pins
a, a, being inserted between the screws 4, 4,, may
be fitted into a second ring. This outer ring is
made to travel round the case by which the whole
apparatus is placed in connection with the mounting
of the object-glass, so as to allow of the prism being
placed in any position or inclined in any direction

Fic. 162.

Merz's Object-glass Spectroscope. (Mounting of the Prism.)

with respect to the object-glass or the axis of the
telescope. Since the rays falling on the object-
glass are diverted by the prism, the axis of the
telescope cannot be pointed direct to the star that
is to be observed. In order, therefore, to facilitate
the finding of a star, the case carrying the prism is
constructed with an opening at ¢, through which the
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The spectrum of Uranus, which has been investi-
gated by Secchi, appears to be of a very remarkable
character. It consists mainly of two broad black
bands, one » (Fig. 174) in the
greenish-blue, but not coin-
cident with the F-line, and the
other » in the green near the
line E. A little beyond the band
n the spectrum disappears al-
together, and shows a blank
space ¢ p, extending entirely
over the yellow to the red,
where there i1s again a faint
re-appearance of light. The
spectrum 1s therefore such a
one as would be produced
were all the yellow rays extin-
guished from the light of the
sun. The dark sodium line DD

174.—The Spectrum ol Uranus.

FiG.

occurs, as is well known, in
the part of the spectrum occu-
pied by this broad non-lumin-
ous space : is this extraordinary
phenomenon therefore to be
ascribed to the influence of this
metal, or is the planet Uranus,
which has a spectrum differing

so greatly from that of the
sun, self-luminous ? Has the planet not yet attained
that degree of consistency possessed by the nearer
planets, which shine only by the sun’s light, and, as
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the photometric observations of Zollner lead us to
suppose is possible, 1s still n that process of con-
densation and subsequent development through
which the earth has already passed ? These are
questions to which at present we can furnish no
reply, and the problem can only be solved by ad-
ditional observations of the strange characteristics
exhibited by this spectrum.*
The spectrum of Neptune, which has also been
examined by Secchi, bears a great resemblance to
* [Huggins gives the following description of the spectrum of
Uranus in a paper recently presented to the Royal Society. * The
spectrum of Uranus as 1t appears in my instrument 1s represented
in the accompanying diagram. The narrow spectrum |.laced above
that of Uranus shows the relative positions of the principal solar
lines, and of two of the strongest absorption bands produced by
our atmosphere, namely the group of lines a little more refrangible
than D, and the group about midway from C to DD. The scale
placed above gives wave-lengths in millionths of a millimetre,

L i) 1'-: h ¥
66 65 64 63 62 61 60 5IE| Elﬂ 37 36 65 354 ¢ 50 am 43

“The spectrum ot Uranus is continuous, without any part being
wanting as far as the feebleness of its light permits it to be traced,
which is from about C to about G. On account of the small amount
of light from the planet, I was not able to use a slit sufficiently narrow
to bring out the Fraunhofer lines. The remarkable absorption
taking place at Uranus shows itself in the six strong lines drawn
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stars are included, as, for instance, Capella, Pollux,
Arcturus, Aldebaran.  in the Great Bear, Procyon,
etc. The dark (Fraunhofer) lines are very strongly
marked in the red and in the blue portions of their
spectra, but are almost entirely absent in the yellow.
The Fraunhofer lines in the solar spectrum (Fig. 176,
No. II.) give an example of this. The space be-
tween the lines A and D is occupied, as 1s well
known, by red and orange; yellow extends from D
to E; while green and blue lie beyond. While
strong absorption lines cross the spaces between A
and D, and between E and G, they are almost
entirely wanting in the yellow space between D and
E.* It is therefore to be expected that this colour
should predominate in the light of these stars. The

Fi1G. 177.

( [ I h I
H M I M H H

Spectrum of Sirius.

dark lines, moreover, are generally sharply defined,
and only occasionally, as in the case of « Tauri,

seem somewhat expanded. T
The stars belonging to this class are difficult to

observe. The dark lines in the spectra of Capella

* [The lines in this part of the spectrum are numerous, but are
very fine, and easily escape observation. |
T [The lines in the spectrum of Aldebaran appear to the Editor
as narrow and defined as those of the solar spectrum. |
3z A
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stances emitting their light cannot be ascertained
with certainty; their spectra, however, bear a Very
close resemblance to the spectrum of carbon.

A spectrum of this fourth type is given in Fig.
176, No. IV, (No. 152 of Schjellerup’s catalogue).
Secchi has observed about thirty of this class, the
most beautiful of which are Nos. 41, 78, 132, 152,
and 273 of Schjellerup’s catalogue. Great variety is
noticeable in their spectra; some of them, such as
the red star in the Great Bear (No. 152 Schj., in
Fig. 176, No. IV.), showing intensely bright lines,
two of which occur in the green and two in the
greenish-blue in the spectrum of this star.*

Besides these four principal types, there are
other groups of stars deserving particular notice.

* | The description of the spectra of these stars differs from the
appearance they present to the Editor. He places below a
chagram of the spectrum of the red star, No. 152 of Schjellerup’s
catalogue (Astronomische Nachrichten, No. 1591). He compared
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the spectrum of the star, using a narrow slit, with the brightliness
of sodium and carbon. The line marked D he found to be
coincident with that of sodium. The less refrangible boundary
of the first of the three principal bright bands in the spectrum of
carbon is nearly coincident with the beginning of the first group
of dark lines : the second of the carbon bands is less refrangible
than the second group in the star; the third band of the carbon
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upon the elements of which the star itself is com-
posed, and upon its temperature, it would be
possible to ascertain the chief constituents of these
small telescopic worlds, if the position of the dark
absorption lines could be determined with accuracy,
or if these lines could be compared- with the spec-
trum lines of terrestrial elements.

64. VARIABLE STARS.

Among the fixed stars there are several which
vary from time to time in brightness as compared

FiG. 174.

Spectra of the Component Stars of the Double Star 8 Cygni.

with neighbouring stars; their light increases or
diminishes, and alternates in some cases from the
brilliancy even of a star of the first magnitude to
complete invisibility. Insome this change of bright-
ness takes place as a constant, very slow, and
regular diminution of light ; in others there appears
an almost sudden increase and decrease of bril-
liancy ; while with others, again, the change takes
place within regularly recurring periods. The
pertod of variability is, therefore, the time elapsing
between the two successive seasons of greatest
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feet focus of his own construction, was able to re-
solve into clusters of stars many of the nebule not
resolved by Herschel ; but there were still revealed
to the eye, thus carried further into space, new
nebule beyond the power even of this gigantic tele-
scope to resolve.

Telescopes failed, therefore, to solve the question
whether the unresolved nebule are portions of the
primeval matter out of which the existing stars

FiG. 183.

The great Nebula in Orion.

have been formed ; they leave us in uncertainty as
to whether these nebule are masses of luminous
gas, which in the lapse of ages would pass through
the various stages of incandescent liquid (the sun
and fixed stars), of scorie or gradual formation of
a cold and non-luminous surface (the earth and
planets), and finally of complete gelation and tor-
pidity (the moon), or whether they exist as a com-
plete and separate system of worlds; telescopes



SPECTRA OF NEBULE AND CLUSTERS. 535

have only widened the problem, and have neither
simplified nor solved its difficulties.

That which was beyond the power of the most
gigantic telescopes has been accomplished by that
apparently insignificant, but really delicate, and
almost infinitely sensitive instrument—the spectro-
scope ; we are indebted to it for being able to say

FiG. 184.

Sotith

MNorth.

Central and most brilliant portion of the great Nebula in the Sword-handle of
Orion, as observed by Sir John Herschel in his 20-foot Reflector at Feld-
hausen, Cape of Good Hope (1834 to 1837).

with certainty that luminous nebule actually exist
as 1solated bodies in space, and that these bodies
are luminous masses of gas.

The splendid edifice already planned by Kant in
his ¢ Allgemeinen Naturgeschichte und Theorie des
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Himmels’’ (1755), and erected by Laplace * forty-
one years later, has received its topmost stone
through the discoveries of the spectroscope. The
Spectroscope, 1n combination with the telescope,
affords means for ascertaining even now some of
the phases through which the sun and planets
have passed in their process of development or
transition from masses of luminous nebule to their
present condition.

Fic. 18s.

The large Magellanic Cloud.

Great variety i1s observed in the forms of the
nebule : while some are chaotic and irregular,
and sometimes highly fantastic, others extibit the
pure and beautiful forms of a curve, a crescent, a
globe, or a circle. A number of the most charac-
teristic of these forms have been photographed on

* Exposition du systeme du Monde. (1799.)
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glass at the suggestion of Mr. Huggins; to these
have been added a few others, taken from accurate
drawings by Lord Rosse ; * and they may all be pro-
jected on to a screen by means of the electric or lime-
light lantern, and made visible to a large audience.
The largest and most 1rregular of all the nebule
15 that in the constellation of Orion (Figs. 183, 184).

Fic. 186,

Nebula of the form of a Sickle. (H. 3239.)

It 1s situated rather below the three stars of second
magnitude composing the central part of that mag-
nificent constellation, and is visible to the naked eye.

* Observations on the Nebule ; by the Earl of Rosse. London,
1850. On the Construction of Specula of Six-feet Aperture, and a
Selection from the Observations of Nebule made with them ; by
the Earl of Rosse. London, 1862. Compare Midler in Wester-
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It 1s extremely difficult to execute even a tolerably
correct drawing of this nebula ; but it appears, from
the various drawings made at different times, that
a change 1s taking place in the form and position
of the brightest portions. Fig. 184 represents the
central and brightest part of the nebula. Four
bright stars, forming a trapezium, are situated in it,
one of which only is vicible to the naked eye. The

F1c. 187.

Spiral Nebula. (H. 1173.)

nebula surrounding these stars has a flaky appear-
ance, and is of a greenish-white colour; single por-
tions form long curved streaks stretching out in a
radiating manner from the middle and bright parts.
mann's Monatsheften, xii., 182.—The glass photographs can be

procured from W. Schellen, Kevelaer (Rhenish Prussia), [and of
Mr. Ladd, Beak Street, Regent Street, London
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Much less irregularity is apparent in the great
Magellanic or Cape clouds (Fig. 185), which are
two nebule in the southern hemisphere, one of
them exceeding by five times the apparent size of
the moon. They are distinctly visible to the naked
eye, and are so bright that they serve as marks for
reconnoitring the heavens, and for reckoning the

hour of the night.

Spiral Nebula in Canes Venatici. (H. 1622,

The interest aroused by these irregular and
chaotic nebulous forms is still further increased by
the phenomena of the spiral or convoluted nebule
with which the giant telescopes of Lord Rosse and
and Mr. Bond have made us further acquainted.
As a rule, there streams out from one or more
centres of luminous matter innumerable curved
nebulous streaks, which recede from the centre in a

spiral form, and finally lose themselves in space.
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Fig. 186 represents a nebula in the form of a sickle

or comet tail (Herschel, No. 3239), Fig. 187 a
complete spiral (H. 1173), and Fig. 188 the most

Transition from the Spiral to the Annular Form.

remarkable of all the spiral nebulae situated in the

constellation Canes Venatici (H. 1622).
It 1s hardly conceivable that a system of such a
nebulous form could exist without internal motion.

FiG. 190.

Annular Nebula in Lyra.

The bright nucleus, as well as the streaks curving
round it in the same direction, seem to indicate an
accumulation of matter towards the centre, with a
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gradual increase of density, and a rotatory move-
ment. But if we combine with this motion the
supposition of an opposing medium, it is difficult to
harmonize such a system with the known laws of
statics. Accurate measures are, therefore, of the
highest interest for the purpose of showing whether
actual rotation or other changes are taking place
in these nebule; but, unfortunately, they are ren-
FiG. 191.

Nebula with several Rings. (H. 854.)

dered extremely difficult and uncertain by the want
of outline, and by the remarkable faintness of these
nebulous objects.

The transition state from the spiral to the annu-
lar form i1s shown in such nebul® as the one repre-
sented in Fig. 189 (H. 604); and they then pass into
the simple or compound annular nebula of which a
type is given in Fig. 190.

The space within most of these elliptic rings is
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not perfectly dark, but 1s occupied either by a dif-
fused faint nebulous light, as in Fig. 190, or, as in
most cases, by a bright nucleus, round which some
times one ring, sometimes several, are disposed in

various forms. In

HI1G. 192,

Big. 19T  a . trepre-
sentation is given of
a compound annular
ebula (H. 854), with
very elliptic rings and
bright nucleus.
According as the
ring has its surface
or 1ts edge turned to-
wards us, or accord-
ing as our line of
sight 1s perpendicular
or more or less ob-
liquely inclined to the

surface of the ring,

Elliptical Annular Nebula. ™ (H. 1909.) 1ts form approaches

Bl aro5: that of a circle,aring,
an ellipse, or even a
straight line. Nebul®
of this latter kind are
represented in Fig.
1g2 (H. 1g009), and in
Fig. 103 [(H. 2621).

When an elliptical

<longated Nebula. (H. 2621.)

ring 1s  extremely

elongated, and the minor axis is much smaller than
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the major one, the density and brightness of the
ring diminishes as its distance from the central
nucleus increases; and this takes place to such a
degree sometimes, that at the furthest points of
the ring, the ends of the major axis, it ceases to
be visible, and the continuity seems to be broken.
The nebula has then the appearance of a double
nebula, with a central spot as represented in Fig. 194
(H. 3501) and Fig. 195 (H. 2552).

Those nebulz, which appear with tolerably sharply
defined edges in the form of a circle or slight

FiG. 194. Fic. 195.

Annular Nebula with Centre.
; o as (H. 2552.)
Douhle Nebula. (H. 33501.) J

ellipse, seem to belong to a much higher stage of
development. From their resemblance to those
planets which shine with a pale or bluish light, they
have been called planefary nebule; in form, how-
ever, they vary considerably, some of them being
spiral and some annular. Some of these planetary
nebule are represented in' Figs. 196 (H. 838), 197
(H. 464), and 198 (H. 2241). The first has two
central stars or nuclei, each surrounded by a dark
space, beyond which the spiral streaks are dis-
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posed; the second has also two nuclei, but without
clearly separable dark spaces; the third is without
any nucleus, but shows a well-defined ring of light.

The highest type of nebule are certainly the

Fic. 196.

Planetary Nebula with two Stars. (H. 838.)

stellar nebule, in which a tolerably well-defined
bright star is surrounded by a completely round
disk or faint atmosphere of light, which sometimes

FiG. 197. FiG. 1g3.

Planetary Annular Nebula with ;
two Stars. (H. 464.) lanetary Nebula. (H. 2241.)

fades away gradually into space, at other times
terminates abruptly with a sharp edge. Iigs. 199
(H. 2008) and 200 (H. 450) exhibit the most striking

of these verv remarkable stellar nebula : the fhirst 1s
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surrounded by a system of rings like Saturn, with
the thin edge turned towards us; the second is a
veritable star of the eighth magnitude, and is not
nebulous, but is surrounded by a bright luminous
atmosphere perfectly concentric. To the right of
the star is a small dark space, such as often occurs
in these nebule, indicating perhaps an opening in
the surrounding atmosphere.

We have now passed in review all that i1s at
present known of the nebule, so far as their appear-
ance and form have been revealed by the largest

Fic. 1949, Fie. 200.

Planetary Nebula. (H. 2098.) Stellar Nebula. (H. 450.)

telescopes. The information as yet furnished by the
spectroscope on this subject is certainly much less
extensive, but is nevertheless of the greatest im-
portance, since the spectroscope has power to reveal
the nature and constitution of these remote heavenly
bodies. It must here again be remembered that
the character of the spectrum not only indicates
what the substance is that emits the light, but also
its physical condition. If the spectrum be a con-
tinuous one, consisting of rays of every colour or
degree of refrangibility, then the source of light 1s
35






SPECIRA OF NEBULAE AND CLUSTERS. 547

matter, nor by gases in a state of extreme density,
as may be the case in the sun and stars, but by
luminous gas in a highly rarefied condition.

In order to discover the chemical nature of this
gas, Huggins followed the usual methods of com-
parison, and tested the spectrum with the Fraunhofer
lines of the solar spectrum, and the bright lines of
terrestrial elements. A glance at Fig. 202 will show
at once the result of this investigation. The brightest

Fig. 202.

Spectrum of Nebula compared with the Sun and some Terrestrial Elements.

line (1) of the nebula coincides exactly with the
brightest line (N) of the spectrum of nitrogen,
which is a double line. The faintest of the nebular
lines (3) also coincides with the bluish-green hydro-
gen line H 3, or, which is the same thing, with the
Fraunhofer line F in the solar spectrum. The
middle line (2) of the nebula was not found to
coincide with any of the bright lines of the thirty
terrestrial elements with which it has been compared;
it lies not far from the barium line B a, but is not
coincident with it.

The question why the characteristic bright lines

35 A
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prepared from drawings of some of the most inte-
resting gaseous nebule include also their spectra

Planetary Annular Nebula in Aquarius, with Spectrum.

of lines, so that both can be exhibited upon the
screen at the same time.
Fig. 203 1s the planetary annular nebula in Aqua-

Stellar Nebula. (H. 450.)

rius, from a drawing made by Lord Rosse (Fig. 199);
the nebula, the ring of which is turned edgeways
towards us, gives a spectrum of three bright lines,
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as in Fig. 201, one of which is due to nitrogen, and
another to hydrogen.

Fig. 204 represents on an enlarged scale the
same nebula that has been already given from one
of Lord Rosse’s drawings in Fig. 200; its structure
1s essentially the same as that of the former one—
a luminous gaseous mass with a central nucleus of
light, and surrounded by a luminous ring, the whole
surface of which being turned towards us, causes

FiG. 205.

Spiral Nebula (H. 4964), with Spectrum.

the nebula to assume a very different form. The
spectrum also consists of three bright lines.

The nebula (H. 4964) represented in Fig. 205, will
be seen at a glance to be of a spiral character; it
is remarkable because its spectrum contains four
bright lines, two of which indicate hydrogen and
one nitrogen.

The spectrum of the annular nebula in Lyra (H.
4447), Fig. 206, consists, on the contrary, of only
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fan of light—the tail, consisting of one or more
luminous streaks, which vary in width and length,
are sometimes straight, sometimes curved, but
almost always turned away from the sun, forming
the prolongation of a straight line connecting the
sun and the comet. While telescopic comets are
usually without a tail, which causes them to assume
the appearance of a more or less irregularly shaped
nebula possessing a nucleus, an example of which
is given in Donati’s comet (Fig. 207), as it ap-
peared when first seen on the 2nd of June, 1858,
the comet of July 1861 exhibited two tails (Fig.
208), and the comet of 1844 had even six.

Fic. 208.
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July Comet on the 3rd of July, 1861.

Comets are transparent in every part, and cause
no refraction in the light of the stars seen through
them. DBessel saw a fixed star through Halley's
comet, and Struve one through Biela's comet,
when distant only a few seconds from the centre of
the nucleus, which passed over the star in both in-
stances without either rendering it invisible or even
perceptibly fainter; from accurate measures taken at
the time, and the calculated motion of the comet, it
was evident that the position of the star had not
been changed by any refraction of the light.
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Similar observations were made with respect to
Donati’s comet of 1858 (Fig. 209), and the comet of
July 1861 (Fig. 210).* Close to the head of the for-
mer, where the tail at 1its commencement was about
54,000 miles in thickness, Arcturus was seen to
shine with undiminished brightness; while in both
comets a number of fixed stars appeared in full
brilliancy through even a much thicker portion of
the tail. The comet of 1828 possessed a nucleus
about 528,000 miles in diameter, and yet Struve
saw a star of the eleventh magnitude through it,
a fact which seems to justify the conclusion of

Fi1G. 209.

Donati’s Comet on the 5th of October, 18358,

Babinet, drawn from his own observations, that a
comet has no influence upon the light of a star,
and that stars of the tenth and eleventh magnitude,
and some even fainter, may be seen through their
greatest mass without losing in the smallest degree
either their light or their colour.

The nucleus of a comet is greatly affected both
in size and density by its approach to the sun; but
from the want of any sharply defined edge 1t 1s diffi-
cult to measure its diameter with any acw;::uracy. The
comets of 1798 and 1805 each possessed a nucleus

* See Westermann’s Monatsheften, V., p. 277, and XL, p. 568.
360
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the diameter of which was twenty-two and twenty-
six miles respectively; that of the great comet of
1811 attained a diameter of 380 miles, while that
of 1843 reached 4,680 miles, and the comet of 1845
as much as 7,468 miles. Donati’s comet measured
on the 1st of September, 1858, 13,894 miles in
diameter; while on the 25th of the same month it
did not exceed 1,526 miles.

The nebulous envelope, or coma, 1s also subject

July Comet on the 2nd of July, 1861,

to changes in form and size, according as the comet
approaches or recedes from the sun. It might be
expected that the coma on approaching the sun
would expand and become rarefied by the extreme
heat: but, as in the nucleus, exactly the reverse
has often been observed. In Encke's comet, for
instance, in the year 1838, the diameter of the
coma on the gth of October was 285,480 miles; on

the 2zth of the same month it was 122,616 miles ;
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on the 23rd of November it measured 39,302 miles;
and on the 17th of December it was only 3,038
miles. ;

The tail is a prolongation of the coma, and is in
most cases turned away from
the sun (Fig. 211), whether
the comet be approaching or
receding from the sun in the
course of its orbit.

A drawing by Professor
John Miiller, given in Fig.
212, shows this position of
the tail very clearly. In the
map the position of the sun
is marked on the lower line
to the right for the 27th of
September, and the 8th and
14th of October, and these
places are connected by

of a Comet as regards the Sun.

straight lines with the places
of the comet for those dates.

Position of the Tail

The tail appears always
curved, with the convex side
turned towards the direction
of the comet’s motion. At
the same time this preceding

edge 18 much more sharply
defined than the concave side, just as if some resist-
ing medium had impeded the advance of the tail,
and forced it back. But the tail does not always
maintain this position; comets have been observed

26 A
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where the tail has been turned towards the sun, and
others again possessed several tails, all turned in
opposite directions.
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As a comet approaches the sun, the tail regu-
larly increases, from which it appears that the sun,
whether by the action of heat or other means, con-
tributes essentially to the formation of the tail, and
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produces a separation of material particles from the
head of the comet. The length of the tail is rarely
less than 500,000 miles, and in some cases it ex-
tends as far as 100,000,000 or 150,000,000 miles.
The breadth of the tail of the great comet of 1811
at its widest part was nearly 14,000,000 miles, the
length 116,000,000; and that of the second comet
of the same year even 140,000,000 miles. And
yet the formation of the tail takes place in a very

short space of time, often in a few weeks, or even
days.

FIG. 213.

July Comet on the 3oth of June and 1st of July, 1861.

The influence exercised on the formation of the
tail by its approach to the sun was shown in the
comet of 1680, for at its perihelion it travelled at
the rate of 1,216,800 miles in an hour, and as a
consequence put forth a tail in two days 54,000,000
miles in length.

It is easily conceivable that under such circum-
stances the mass of a comet must be exceedingly
small. It is very probable that our earth actually
passed on the 3oth of June, 1861, through part of
the tail of the magnificent comet called the July
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ally self-luminous, and is composed of gas in a
luminous condition. On the other hand, the con-
tinuous spectrum proves that some of the light is
reflected sunlight, for it cannot be admitted that
the coma 1s formed of incandescent solid or liquid
particles.

The spectroscope gives no information as to the
nature or condition of a substance from which we
receive only reflected light: it is however probable
that the coma and tail are of the same substance as
the nucleus. These observations, therefore, yield
no further result than that a gas in a state of lumi-

___wiolet

Spectrum of Tempel’s Comet (1866).

nosity is present in the comet, but that at the
same time, either from this gas or from other
portions of the comet which are non-luminous, sun-
light is also reflected.

In the years 1866 and 1867 Huggins observed the
spectra of two small comets, and found them to
consist of a continuous spectrum, as well as of one
of bright lines. The light of these comets was
therefore, like Tempel's comet, composed partly of
reflected light and partly of the comet’'s own light.

The }'r:eu: 1868 brought the return of two periodic
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comets of greater brilliancy, the comet of Brorsen
(I.), and that of Winnecke (II.)

Brorsen's comet (I., 1868) had in the telescope the
appearance of a nearly circular nebula, 1in which the

Fic, z15.
Solar Spectram.
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Winnecke's Comet II. 1868,

Brorsen's Comet I, 1868

Na N Mg N H N.O

apectrum of Nebula,

i

Spectra of Brorsen's and Winnecke's Comets compared with the Spectra of the
Sun, Carbon, and the Nebule,

brightness rapidly increased towards the centre, but
in which the existence of a nucleus was doubtful ;
there was only the faint trace of a tail, or more pro-
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with the bright bands of the nebul®; it only pro-
duced a weakening of the bands of light until they

completely disappeared.

The spectrum of Bror-
sen's comet bears a
great resemblance to
that observed by Dona-
ti; but it differs essen-
tially from the spectrum
of a nebula, not only in
its character, but also
in the position of the
bands of light.
parison of these two
spectra (No. 5 and No.
7)shows this at a glance.

The comet II., 1868,
was first observed on the
night of the 13th-14th
of June, by Dr. Win-
necke, 1n Carlsruhe,
and soon attained suffi-
cient brightness to be
seen by the naked eye
as a star of the seventh
or eighth magnitude.
The diameter of the

A com-

Fig., 216,
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Winnecke's Comet (I1., 1868).

coma, including the extremely faint luminous enve-
lope, amounted to about 6 20", the length of the

tail being more than 1°,

The tail, as shown in

Fig. 216, went straight out from the coma, and
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The November shower is not observed to take place
every year on the 12th or 13th of that month, but it
is found that every thirty-three years anextraordinary
shower occurs on those days, proceeding from a point

Fic. 219.

Orbit of the Meteor Shower of the 1oth of August.

in the constellation of Leo. The meteors composing
this shower, unlike the August one, are not dis-
tributed along the whole course of their orbit, so as
to form a ring entirely filled with meteoric particles,
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but constitute a dense cloud, of an elongated form,
which completes its revolution round the sun in thirty-
three years, and crosses the earth’s path at that point
where the earth is every 13th of November.

When the November shower reappears after the
lapse of thirty-three years, the phenomenon is re-
peated during the two following years on the 13th

Fi1g. 220.
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Orbit of the November Meteor Shower.

of that month, but with diminished splendour; the
meteors, therefore, extend so far along the orbit as
to require three years before they have all crossed
the earth’s path at the place of intersection; they
are, besides, unequally distributed, the preceding

pE!.I't bEiﬂg much the most dense.
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6oo SPECTRUM ANALYSIS.

represents a portion of the orbit of the comet of
1862, No. III., which is identical with that (Fig. 219)
of the August shower.
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Orbits of the August and November Meteor Showers.
(Orbits of Comets III., 1862, and 1., 1366.)

The calculations of Schiaparelli, Oppolzer, Peters,
and Le Verrier have also discovered the comet pro-
ducing the meteors of the November shower, and
have found it in the small comet of 1866, No. I,

















































































































































































































































































