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PREFACE.

I~ publishing the following Lectures I have endeavoured
~ to preserve the elementary character which they naturally
assumed in delivery, thinking it best to give further
detail in a series of Appendices. If the book thus
assumes less of the character of a complete treatise
than might be desirable, it gains in wvalue for the
general reader, inasmuch as the science of Spectrum
Analysis is at present in such a rapid state of growth
that much of the subject is incomplete, and, therefore,
necessarily unsuited to the public at large. 1 hope,
however, that the addition of many extracts from the
most important Memoirs on the subject may prove
interesting to all, as it will certainly be useful to those
specially engaged in scientific inquiry, as indicating
the habits of exact research and accurate observation
by which alone such striking results have been attained.
For the permission to reproduce exact copies of Kirch-
hoff’s, Angstrém’s, and Huggins’ maps, together with

the Tables of the positions of the dark solar and bright
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SPECTRUM ANALYSIS.

LECTURE 1.

Introduction.— Newton's Discovery of the Composition of White
Light, 1675.—Properties of Sun Light.—Heating Rays.—Lumi-
nous Rays.—Chemically active Rays.—The Solar Spectrnm.—
Position of Maxima.—Illustrations of these Radiations.—Means
of obtaining a Pure Spectrum.—Fraunhofer's Lines.—Planet and
Moon Light.—Star Light.

Appendix A.—Extracts from “ Newton’s Opticks.”
Appendix B.—Burning magnesium wire a source of light for photo-

graphic purposes.
Appendix C.—On the chemical action of the constituent parts of solar

light.

AmoneasT all the discoveries of modern science none has
deservedly attracted more attention, or called forth more
general admiration, than the results of the application of
Spectrum Analysis to chemistry. Nor is this to be
wondered at when we remember that a new power has
thus been placed in the hands of the chemist, enabling
him to detect the presence of chemical substances with
a degree of delicacy and accuracy hitherto unheard of]
and thus to obtain a far more intimate knowledge of
the composition of terrestrial matter than he formerly
B
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LECT. 1.] INTRODUCTION, 3

alone, and require further investigation to bring them
into harmony with the rest. The advance in these new
fields of research is, however, so rapid that, as time
rolls on, and our range of knowledge widens, new
facts quickly come to support the hitherto unexplained
phenomena, and thus our theory becomes more and
more complete. It will be my duty, in the Lectures
which I have the honour of delivering in this Hall, to
endeavour to explain to you that these results, appa-
rently as marvellous as the discovery of the elixir
vitee or philosopher’s stone, are the plain and necessary
deductions from exact and laborious experiment, and
to show how two German philosophers, quietly working
in their laboratories in Heidelberg, obtained this startling
insight into the processes of creation,

The only means of communieation which we possess
with the sun, planets, or far distant stars, or by which
we can ascertain anything respecting their chemical
constitution, 18 by means of the life-supporting radiation
which they pour down upon the earth, producing the
effects which we call licht and heat. It will, therefore,
be our business, in the first place, to investigate the
composition of the radiations which these bodies give
off, and next gradually to notice, as our field of obser-
vation enlarges, the applications to which the properties
of the light thus emitted lead us. One cannot help
regretting that when, as at present, the sunlight is
shining so brightly, we are unable to utilize it, and
illustrate by experiments made with the sunlight itself
the points which we wish to explain. In this climate,
however, even if we could conveniently do it, the sun
shines so intermittently, and it is so doubtful if we can
have it just when 1t 1s required, that we have to make

B 2






LECT. 1.] NEWTON'S DISCOVERY. 4]

green and blue, to violet. Newton termed this coloured
band the Solar Spectrum, and came to the conclusion
that the light of the sun consists of rays of different
degrees of refrangibility. He also showed that all the
various portions of this coloured band, when again
brought together, produce upon the eye the effect of
white light. This experiment (represented in Fig. 2),
Newton performed by simply allowing the light passing
through the round hole (¢) in the shutter to fall on a
prism (A Bc), producing the solar spectrum, and then,

Fie. I,

on looking at this coloured band through another
prism (ab¢) placed in the same direction, instead of
seeing a celoured band he observed a spot of white light,
thus showing that the whole of these differently coloured
rays, when brought together by means of the second prism,
produce on the eye the effect of white light. Here
we have the intensely white electric light, and by
means of these two prisms you observe that I can split
the light up into its various constituent parts, and we
obtain this splendid coloured band, the spectrum of the
electric are. Now I shall endeavour to show you the






LECT. L. ] COMPOSITION OF WHITE LIGHT. T

light, is a physiological question which we cannot
explain. We find that not only do all the colours of
the spectrum, when they are brought upon the eye, pro-
duce the effect of white light, but that several mixtures
of only a few out of all these different colours have
the same power of producing upon the eye the effect
of white light,

Thus Helmholtz and Maxwell have shown that the

Fia. 4.

following mixtures of two complementary eolours when
brought together into the eye produce the eftect of
whiteness :—violet and greenish yellow ; indigo and
yellow ; blue and orange; greenish blue and red.
This I may readily illustrate to you by taking a re-
volving dise (Fig. 4), upon which segments of various
colours have been painted. When I turn this dise,
which you observe contains to begin with all the colours
of the spectrum in due proportion, and then, whken it is






LECT. I.] . THEORY OF VISION. 9

spectra, yet it is very likely, nay, more than likely, that
the retina is mainly sensitive to three impressions, viz.
red, yellow, blue; in fact, that there are some nerves
especially sensitive to red, others to yellow, and others
again to blue light, whilst the impressions of the other
tints are obtained by the joint impressions produced on
these three classes of nerves. This theory, indeed, was
one which was proposed so long ago as the beginning
of the century by our celebrated countryman Thomas
Young, and quite recently it has been proved by Max
Schulze that in the eyes, not indeed as yet of man, but of
certain animals, there exist differences which are observ-
able in the nerve ends situated at the back of the retina :
some of these end in little red drops, some of them in
yellow drops, and some of them in colourless drops. The
nerves whose ends contain the little red drops are more
sensitive to red colour than the others; and so those con-
taining yellow drops are more sensitive to the yellow
colour ; and in this way we believe that the peculiar
effects which we observe in the mixtures of colour may
be explained.

In noticing the physical properties of the variously
coloured light obtained when the sunlight or white
light is decomposed into its constituent parts, we must
remember, in the first place, that light is due to the
undulations of the elastic medium pervading all space,
to which physicists have given the name of lumi-
niferous ether. As the undulations of the particles of
water, causing the waves of the sea, differ in length
and intensity of vibration, sometimes being minute and
shallow like the ripples on the surface of a pond, some-
times rising and falling into the gigantic crests and
valleys of the storm-ridden ocean ; so also the undulations






LECT. L] HEATING RAYS. 11

twice as great as it is at the other, and we are correct
in stating that we can hear about 11 octaves, but that
we cannot see a single octave.

Nevertheless, although they do mot produce on the
retina the impression which we call light, there are rays
extending both beyond the visible red and beyond the
visible blue. By certain devices we can make ourselves
aware of the existence of these invisible rays, which
play a most important part in the nature of the solar
light. .
If we observe the effects which are produced by the
different rays constituting the visible portion of the
solar spectrum, we find to begin with that those rays
which mainly produce heating effects are sitnated at the
red end of the solar spectrum. We learn that the maxi-
mum heating effect is produced at a point beyond that at
which we can see any red light. The maximum of the
luminous rays as affecting the eye exists in the yellow.
Passing on from the red towards the violet portion, we
find, by means of a thermo-pile and a delicate galvano-
meter, that the quantity of heating effect produced in
the yellow and green portions of the spectrum gradually
diminishes, and sinks down to a very insignificant
amount in the violet part of the band. In the blue and
violet portion of the speetrum, so slightly endowed with
heating power, we have, however, to notice the existence
of a new and striking peculiarity, that of producing
chemical action ; that is, of causing the combination and
decomposition of certain chemical substances, as for
instance the decomposition and blackening of silver
salts, upon which the art of photography is based.

It i1s to Sir W. Herschel, in the year 1800, that we
are indebted for the first notice of the fact of the heating
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rays existing especially in the red portion of the spec-
trum, whilst Ritter and Scheele at the early part of this
century observed the peculiar power possessed by the
blue, violet, and ultra-violet rays to blacken silver salts.

[n Fig. 5 we have a graphical representation of the
varying intensity of the heating, luminous, and chemi-
cally active rays in the various parts of the solar spectrum.
The figure exhibits three curves, a, B, and ¢, showing the
distribution of these three actions produced by the rays
of the solar spectrum, whose position is given in the
upper part of the diagram.

This eurve A (Fig. 5) represents to you the intensity
of the heating power of the spectrum. You observe how
far it extends, a long way beyond the visible red, which
ends a little to the left of the line A. In fact it has
been noticed, by those who have made careful measure-
ments, that half the rays of heat reaching the earth
from the sun are invisible, and I shall hope to show you
directly the effect of these invisible heating rays.

In the part shaded with vertical lines only, there is no
perceptible luminous or chemical aetivity; n that shaded
with horizontal lines there is nothing but chemical action.



LECT. 1.] CALORESCENCE. 13

From the beginning to the end of the luminous spectrum
shaded with oblique lines, two, at least, of these three
forms of action exist simultancously. The intensity of
each at any point of the spectrum is measured by the
vertical line drawn from the point on the base line to
meet 1ts proper curve.

Whilst noticing these peculiar properties of the dif-
ferent rays, we must carefully remember that there
really is no difference in kind between those rays which
are called heating rays, those which are called light
rays, and those which are called chemically active
rays. These differ one from the other in exactly the
same way that the visible yellow rays differ from the
green rays, or as the green rays differ from the blue ;
only in wave-length and intensity of vibration. In any
particular portion of the spectium we cannot separate
the rays of light and leave the rays of heat behind; we
cannot, for instance, separate out the yellow rays of
light from the yellow portion of the spectrum, and leave
behind any rays of heat of the same degree of vefran-
gibility. But, as I shall show you, we can separate
from the whole radiation the luminous rays, and with
them the heating effect of those lumimous rays, and
still leave the dark or invisible rays of heat of lower
refrangibility.

[ will endeavour to prove to you, in the first place,
the existence of these dark heating rays of really in-
visible light.  We see that the maximum of these rays
1s placed beyond the visible red. This may be clearly ex-
hibited with the electric light in the beautiful experiment
by which Dr. Tyndall first accomplished the separation
of which I have just spoken. I have for this purpose
placed in the dark box (b, Fig. 6) an electric lamp (1),
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which gives us a very bright ligcht, and by means of
tlm‘-i mirror (M) I can bring the rays to a focus at any
desired point. Here is a eell (¢) which Dr. Tyndall

very expressively calls a ray-filter, by which I can filter
out the whole of the luminous rays, by passing them
through this opaque solution of iodine in disulphide
of carbon, whilst the invisible heating rays are trans-
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mitted, and will soon render themselves evident to you.
A current of cold water circulates through a double
jacket on the outside of the cell, to keep the volatile
disulphide cool. Now I think you will observe that no
rays of light come through, but if [ take a piece of black
paper, and place it in the focus of our mirror, you see
the paper is ignited, owing to the presence of these dark
heating rays. I may now do the same with a piece of
blackened platinum (p, Fig. 6); you see that this also
is heated to redness. I can show you this again in a
variety of forms. Here is some gunpowder strewed on
this paper ; you observe that it at once explodes when
brought into the focus of the dark rays. Here I have
some blackened gun-cotton, which instantly catches fire.
I may vary the experiment by lighting a cigar; and
here you see the brilliant scintillations of charcoal burn-
ing in oxygen, having been heated up to the tempera-
ture of ignition in the focus of the dark rays. Dr
Tyndall has measured the proportional amount of the
entire heating rays which, pouring forth from this incan-
descent carbon, has passed through this dark filter, and
he has found that this consists of I of the whole amount ;
go that only & of the radiation is really visible.
Understanding then the existence in this ultra-red of
a large amount of heating rays, let us pass now to
consider the properties of the light which is given off at
the opposite or blue end of the spectrum, which I have
called the chemically active rays. Allow me to show
you an experiment to prove that it is in the blue
portion of the spectrum that we have essentially these
chemically active rays. In order to render the illustra-
tion more perfect, I will first make an experiment with
reference simply to white light, to show you that
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the brilhant light which is emitted by this burning
magnesium, and is almost too dazzling for the eye to
bear, contains a very large proportion of the rays which
we are about to investigate.’

[ have here a thin glass bulb containing a mixture of
equal volumes of two gases, chlorine and hydrogen.
These gases when exposed to a bright light combine
together, and form hydrochlorie acid gas. If I were to
throw this bulb out into the sunlight, so rapid would be

Fic, 7.

the combination, and so great the consequent evolution
of heat and sudden expansion, that this little bulb
would instantly be shattered into a thousand fragments.
Almost as sudden an effect will be produced if I simply
burn a bit of magnesium wire in the neighbourhood of
the bulb (Fig. 7); it explodes with a pretty loud report,
the bulb is shattered, and the gases have been combined

1 See Appendix B for the measurement of the chemical intensity

of magnesium light.
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by virtue of the blue rays contained in this kind of
light. I will next show you that it is really the blue
rays which thus act chemically. This lantern (Kig. 8)
containg panes of different coloured glass,—here a white
one, here a yellow one, here a red one, there a blue one.
[ am going to put another of these little bulbs filled with
chlorine and hydrogen in the inside of this lantern,
and then I will produce, not by magnesium wire, but
by another means, a very bright blue light, a light
which contains these chemically active rays in great
quantity. 1 will first allow this blue light to shine
upon the bulb through the red pane of glass. Here I

S 2 o . TR

Fic. 8.

produce a very bright flame, by throwing some carbon

disulphide into a tall eylinder full of nitric oxide gas,

and 1gniting the mixture, Here is the bright flash, but

vou have noticed no explosion of the bulb, for all the
&
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and that in the violet marked m. In the direction of the
red end of the spectrum, the action hecomes i!IE]JI'I'E'-i'lll ihle
about D, in the orange (the maximum of visible illumi-
nation) ; whilst towards the other end of the spectrum

the action was found to extend as far as the line

marked v, or to a greater distance |;.-l1;¢.1].1 the line H 1n

the violet than the total length of the ordinary visible
spectrum,.

[ may again illustrate this same fact by showing
you that I can photograph with these blue rays, whereas
[ fail to produce the same effect with the red rays.
[ will coaf il ||l.‘|tl' 'ﬂ.][ll :'u]|m5iu]]_ fani] i]rl-ll darken T|IL'
room, with the exception of this yvellow mono-chromatice
flame, produced by the volatilization of soda salts, which
15 incapable of acting c-JJI'rni--:tH}'. | may, therefore, work
with this light without at all affecting my photographic
plate. I have now coated a plate with collodion, and

sensitised 1t in the silver bath. T shall next expose this

=)



20 SPECTRUM ANALYSIS. | LECT. I.

to the action of the light of the spectrum of the electine
lamp. I would first show you that I have here (Fig. 10)
H l!l'j_".'l’[i.‘l.'l‘ }1[|HIHI'_1'I'.'I]I]], of which I am about to take
a print by the blue rays of the electric lamp. You
will observe that there are two Hj_fll]'i':é upon the negative,
one marked V and the other marked R : these letters
being intended to signify Vielet and Red. The one figure
marked V 1 propose to place in front of my sensitised
plate in the blue or violet ray, and the one marked R

| propose toopen in the red ray, and 1 hope to be able to
produce a chemical effect on that portion of my sensitised
]rl.'ll\:' ".'n'i!i:']'l ]I;l-:]wn'n l‘.\:]H!.‘-:tHl Lo the ]rlllt', whilst we .‘-‘]]lt”
get No 1'u1'l‘1'.~'[-u|1|1illf; effect on the }u:l‘[iui] l'}{l]“ﬁi'l-l to
the red ray. 1 next place my plate with its face down-
wards on the 1lt'|:'.'lii‘.'r'. we now start our electrie Iumiu
||.=-'t|1‘cﬁr a small spectrum in order to have the aetion

J':[1|||'|' VTR |]".-'li||r1_ ] 1]JI'I| l'_"-.'IIHH'!' !HI 1' ]1]1"-' ]I[.‘Iil' E]J




LECT. 1.] PHOTOGRAPHY IN BLUE RALS. ]

the red rays for about twenty seconds, and afterwards
expose the other half, with the V upon it, for about the
SOTe |--]|-1'I]; of time to the wviolet ]i-;‘]JI. | will now
develop and wash the photooraph, and throw the image
]-1'millr-'u| on the sereen, when Vol will observe (Fig. 11)
4 VEIy marked difference between the two iuni'1iul|.-', the

O1e ,"-.]jlil'l,".'itl'l:_"' 10 ]'-ir'HH'f.' at all, and the other *_'j#'i!]*_f LLE

the perfect picture with the V upon 1it, rendering the

difference of action of the blue and red ravs visible.

12

| have i eonclusion to |'n":||1 out ta yon that the
solar spectrum  differs in certain respects  from that
beautiful spectrum of the electric are with which we
h.'n'r- ]H'i'|| ‘.'nlll']-a:.lllu', .'JII1E | I]i”' I's iH 1|Ji*~ Wiy, [[I.ili I!Ii'
solar spectrum consists, not of a continuous band., passing
without break or interruption from red to violet, throuch
ull] the :-'-'[I.'|||t'.-x of colour 'ﬂ.]:i-'il we |«.r:n'~".' as the rainbow

tints, but that in the solar spectrum we find, Interspersed
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careful examination of these lines to a German optician,
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Fraunhofer, whose name has been attached to these lines,
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obscure the phenomenon thereof. These things being thus
ordered, T found that if the refracting angle of the prism be
turned upwards, so that the paper may seem to be lifted upwards
by the refraction, its bine half will be lifted higher by the refrac-
tion than its red half. But if the refracting angle of the prism
be turned downward, so that the paper may seem to be carried
lower by the refraction, its blue half will be carried something
lower thereby than its red half. Wherefore in both cases the
light which comes from the blue halt of the paper through the
prism to the eye, does in like circumstances suffer a greater
refraction than the light which comes from the red half, and by
eonsequence is more refrangible,

Eaper. 2—About the aforesaid paper, whose two halves were
painted over with red and blue, and which was stiff like thin
pasteboard, I lapped several times a slender thread of very black
silk, in such manner that the several parts of the thread might
‘appear upon the colours like so many black lines drawn over
them, or like long and slender dark shadows east upon them. I
might have drawn black lines with a pen, but the threads were
smaller and better defined. This paper thus coloured and lined
I set against a wall perpendicularly to the horizon, so that one
of the colours might stand to the right hand, and the other to
the left. Close before the paper at the confine of the colours
below, T placed a candle to illuminate the paper strongly : for
the experiment was tried in the night. The flame of the candle
reached up to the lower edge of the paper, or a very little higher.
Then at the distance of six feet and one or two inches from the
paper upon the floor I erected a glass lens four inches and a
guarter broad, which might collect the rays coming from the
several points of the paper, and make them converge towards so
many other points at the same distance of six feet and one or
two inches on the other side of the lens, and so form the image
of the coloured paper upon a white paper placed there, after the
same manner that a lens at a hole in a window casts the images
of objects abroad upon a sheet of white paper in a dark room.
The aforesaid white paper, erected perpendicular to the horizon
and to the rays which fell upon it from the lens, I moved some-
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differently refrangible, so that in the red there are some rays not
less refrangible than those of the blue, and in the blue there are
some rays not more refrangible than those of the red ; but these
rays in proportion to the whole light are but few, and serve to
diminish the event of the experiment, but are not able to destroy
it. For if the red and blue colours were more dilute and wealk,
the distance of the images would be less than an inch and a
half; and if they were more intense and full, that distance would
be greater, as will appear hereafter. These experiments may
suffice for the colours of natural bodies. For in the colours
made by the refraction of prisms this proposition will appear
by the experiments which are now to follow in the next
proposition.

Proe. 11 Tueor. 2.—The lLight or the sun consists of roys
differently vefrangible,

THE Proor pY EXPERIMENTS.

Faper. 3-—1In a very dark chamber at a round hele about one
third part of an inch broad made in the shut of a window I
placed a glass prism, whereby the beam of the sun’s light which
came in at that hole might be refracted upwards towards the
opposite wall of the chamber, and there form a coloured image
of the sun. The axis of the prism (that is, the line passing
through the middle of the prism from one end of it to the other
end parallel to the edge of the refracting angle) was in this and
the following experiments perpendicular to the incident rays.
About thiz axis I turned the prism slowly, and saw the refracted
light on the wall or coloured image of the sun first to descend,
and then to ascend. DBetween the descent and ascent when the
image seemed stationary, I stopped the prism, and fixed it in
that posture, that it should be moved no more. For in that
posture the refractions of the light at the two sides of the re-
fracting angle, that is at the entrance of the rays into the prism,
and at their going out of it, were equal to one another. So also
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out of the prism might be equal to that at their incidence on it.
This prism had some veins running along within the glass from
one end to the other, which scattered some of the sun’s light
irregularly, but had no sensible effect in inereasing the length of
the coloured spectrum. For I tried the same experiment with
other prisms with the same success. And particularly with a
prism which seemed free from such veins, and whose refracting
angle was 624°. T found the length of the image 9% or 10
inches at the distance of 18} feet from the prism, the breadth of
the hole in the window-shut being } of an inch, as before. And
" because it is easy to commit a mistake in placing the prism in
its due posture, I repeated the experiment four or five times, and
always found the length of the image that which is set down

Fig. 18.

above. With another prism of clearer glass and Dbetter polish,
which seemed free from veins, and whose refracting angle
was 631°, the length of this image at the same distance of
184 feet was also about 10 inches, or 10J. Beyond these
measures for about } or 4 of an inch at either end of the
spectrum the light of the clouds seemed to be a little tinged with
red and violet, but so very faintly, that I suspected that tincture
might either wholly or in great measure arise from some rays of
the spectrum scattered irregularly by some inequalities in the
substance and polish of the glass, and therefore 1 did not include
it in these measures. Now the different magnitude of the hole
in the window-shut, and different thickness of the prism where
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Booxk 1. PARrT 2.

Pror, V. TuEOR. 4.— Whitencss and all grey colours between
white and black may be compounded of colours, and the
whiteness of the sun’s light is compounded of all the
primary colowrs mixed in « due proportion.

Exper. 11.—Let the sun’s coloured image T (Fig. 14) fall upon
the wall of a dark chamber, as in the third experiment of the
first book, and let the same be viewed through a prism a be,
held parallel to the prism ABc, by whose refraction that image
was made, and let it now appear lower than before, suppose in
the place s over against the red colour 7. And if you go near
to the image p T, the spectrum s will appear oblong and coloured

Fie. 14.

like the image p1; but if you recede from it, the colours of the
spectrum § will be contracted more and more, and at length
vanish, that spectrum 8 becoming perfectly round and white :
and if you recede yet farther, the colours will emerge again, but
in a contrary order. Now that spectrum s appears white in that
case when the rays of several sorts which converge from the
several parts of the image P T, to the prism ale, are so refracted
unequally by it, that in their passage from the prism to the eye
they may diverge from one and the same point of the spectrum
s, and so fall afterwards upon one and the same point in the
bottom of the eye, and there be mingled.

I
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fused (as was said above), and tinged with various new colours,
but those illuminated with homogeneal light appeared through
prisms neither less distinct, nor ofherwise coloured, than when
viewed with the naked eyes. Their eolours were not in the
least changed by the refraction of the interposed prism. I speak
here of a sensible change of colour: for the light which I here
call homogeneal, being not absolutely homogeneal, there ought to
arise some little change of colour from its heterogeneity. But if
that heterogeneity was so little as it might be made by the said
experiments of the fourth proposition, that change was not
sensible, and therefore in experiments, where sense is judge,
ought to be accounted none at all.

~ Euper. 6—And as these eclours were not changeable by

N
M

Fic. 15

refractions, so neither were they by reflections. For all white,
grey, red, yellow, green, blue, violet bodies, as paper, ashes, red-
lead, orpiment, indigo, bise, gold, silver, copper, grass, blue
flowers, violets, bubbles of water tinged with wvarious colours,
peacock’s feathers, the tincture of Lignwm nephriticum, and such
like, in red homogeneal light appeared totally red, in blue light
totally blue, in green light totally green, and so of other colours.
In the homogeneal light of any colour they all appeared
totally of that same colour, with this only difference, that some
of them reflected that light more strongly, others more faintly.
I never yet found any body which by reflecting homogeneal light
could sensibly change its colour.

From all which it is manifest, that if the sun's light consisted
of but one sort of rays, there would be but one eolour in the

D 2
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spectrum of this light is exceedingly rich in violet and ultra-
violet rays, due partly to the incandescent vapour of magnesium,
and partly to the intensely-heated magnesia formed by the com-
bustion. Professor Bunsen and the speaker in 1859 determined
the chemically active power possessed by this light, and com-
pared it with that of the sun; and they suggested the application
of this light for the purpose of photography.  They showed® that
a burning surface of magnesium wire, which, seen from a point
at the sea’s level, has an apparent magnitude equal to that of
the sun, effects on that point the same chemical action as the
sun would do if shining from a cloudless sky at a height of
9° 53" above the horizon. On comparing the visible brightness
of these two sources of light it was found that the brightness of
the sun’s dise, as measured by the eye, is 524'7 times as great
as that of burning magnesium wire, when the sun’s zenith dis-
tance is 67° 22'; whilst at the same zenith distance the sun’s
chemical brightness is only 366 times as great. Hence the
value of this light as a source of the chemically active rays for
photographic purposes becomes at once apparent.

Professor Bunsen and the speaker state, in the memoir above
referred to, that “the steady and equable light evolved by
magnesium wire burning in the air, and the immense chemical
action thus produced, render this source of light valuable as a
simple means of obtaining a given amount of chemical illumina-
tion ; and that the combustion of this metal constitutes so definite
and simple a source of light for the purpose of photochemical
measurement, that the wide distribution of magnesium becomes
desirable. The application of this metal as a source of light
may even become of technical importance. A burning magnesium
wire of the thickness of 0-297 millimetre evolves, according to
the measurement we have made, as much light as 74 stearine
candles of which five go to the pound. If this light lasted one
minute, 0°987 metre of wire, weighing 0120 gramme, would be
burnt. In order to produce a light equal to 74 candles burning
for ten hours, whereby about 20 lbs. of stearine are consumed,
722 grammes (2} ounces) of magnesium would be required. The

! Phil. Trans. 1859, p. 920.
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the following experiments we have employed prisms and lenses
of quartz, eut by Mr. Darker of Lambeth, instead of- glass
prisms, which, as is well known, absorb a large portion of the
chemically active rays. In order to render our experiments as
free as possible from the irregularities arising from variation
in the atmospheric absorption, the observations were made
quickly one after the other, so that the zenith distance of the
sun altered but very slightly.

A perfectly cloudless day was chosen for these observations,
and the direct sunlight reflected from the speculum mirror of
a Silbermann’s heliostat through a narrow slit into our dark
room. The speetrum produced by the rays passing through
two quartz prisms and a quartz lens fell upon a white sereen,
which was covered with a solution of sulphate of quinine to
render the ultra-violet rays and the accompanying dark lines
visible, In this screen a narrow slit was made, through which
the rays from any wished-for portion of the spectrum could be
allowed to pass, so as to fall directly upon the insolation vessel,!
sitnated at the distance of from four to five feet. A finely-
divided millimetre scale was also placed on the sereen, by means
of which the distance between the Fraunhofer lines could be
accurately measured, and the portion of light employed thus
exactly determined.

-In order to recognise with accuracy the various portions of
the spectrum, we employed a map of the dark lines prepared
by Mr. Stokes, which he most kindly placed at our disposal.
The figure (Fig. 9) contains a copy of Mr. Stokes's map, with
the distance measured by him, and letters given according to his
notation. We have divided the space between the letter A in
the red to the last ray Stokes observed, w in the lavender rays,
into 160 equal parts, and we represent the position and breadth
of the bundle of rays which effected a given action upon the
insolation vessel as follows :—If a bundle of rays lying between

! This vessel was filled with the sensitive mixture of chlorine and hydrogen
gases together with water. The chemically active rays effocted a union of the
gases, and the resulting hydrochloric acid gas being absorbed by the water, gave
a diminution of volume, directly proportional to the intensity of the acting
chemical rays,
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be neglected without overstepping the observational errors. At
the times of observation on the 14th of August, 1857, the sun’s
zenith distance was as follows :—

At 10h, 54m. A e ol o9
At 0 0 AM 17 o [
At 0 45 - pM. o ok o R

The chemical. intensity of the sun's rays at these various periods
may be calculated by formula (14). They are in the proportion
of the numbers 1-002, 1-000, and 1'016. Although the differ-
ences between these numbers are but small, we have reduced
all the observations to that chemical action which would have
been observed if they had all been made at 12h, Om, A.M,
upon the day in question. The following Table contains the
numbers thus reduced, the mean value having been taken of
those observations which occur more than once :—

Relative
Mo, | Trae solar time, Position in the spectrum. chemical
actinm,
| I '
H. M. ;
1 10 54 .M. From § GH to I 527 |
2 | 1058 AM. | From] DEto E 13
3 11 4 a.a. From C to § DE 0-5
4 11 8 A.M. From N, to 3 QR . 189
5 11 13 .M. From § RS to § 8T . 2:1
(i 11 41 A From $ 8T to 2 UV . 12
7 11 47 A From § N,Q to 4 RS . 125
8 | 11543 | From4lIM, toN, 386 |
9 0 1 rm From H, to § IM, 55°1
10 0 4 ro. From { GH to H . 605
11 0 16 .M. From } FG to G 284
12 0 20 p., From § DE to F 14
i. 13 l 0 40 v From G to $ GH . 645

The lines @« @ a a (Fig. 9, page 18) give a representation
of the relative chemical action which the various parts of the
spectrum, the rays of which have only passed through air
and quartz, effect on the sensitive mixture of chlorine and
hydrogen. It is seen that this action attains many maxima,
of which the largest lies by § ¢n to u, and the next at 1, and
also that the action diminishes much more regularly and rapidly
towards the red than towards the violet end of the spectrum,






APPEND. C.] CHEMICALLY ACTIFE RAYS. 43

former experiments, and therefore cannot be compared with
those.

i Relntive
No. Time, Portion of spectrum. chemical
TR
H. M,
1 D 44 A.M. From § GH to I 145
2 9 48 A From Ny to R, . . . 10-1
3 D 64 AMm. From {; K,8 to 4 8T . 24
4 9 50 a.m. From lQJST to Y . . 00
b 10 4 A From G to $§ GH 13°0
(i 10 B a.uM. From Fto 2 FG . . 71
7 10 11 A.m. Frombto 4 FG . . 32
8 | 1015 A.M, From § DE to § EF . 04
I 1

From this it is seen that the relation of the chemieal action of
the spectrum from the line E to the line H undergoes a consider-
able alteration when the rays have to pass through a column of
air 10,735 metres in height instead of 9,647 metres.

" An extended series of measurements of the chemical action of
the several portions of the solar speetrum under various con-
ditions of atmospheric extinction may prove of great interest,
if, as we can now scarcely doubt, the solar spots appear at
regular intervals, and our sun belongs to the class of fixed stars
of variable illuminating power. It is possible that such obser-
vations, made during the presence and during the absence of the
solar spots, may give rise to some unlooked-for relations con-

~ cerning the singular phenomena oceurring on the sun’s surface.
Whether, however, the atmospheric extinction can ever be

_determined with sufficient accuracy to render visible the alter-
ation in the light which probably occurs with the spots, is a
question which can only be decided by a series of experimental
investigations which must extend far beyond the scope of any
single observer.
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when brought together of producing ignition. We also
saw that at and beyond the other end, the blue end, of
the spectrum we have the rays termed the chemically
active rays, and that these rays are capable of pro-
ducing chemical change.

We proceed to-day in the examination of the action of
heat upon terrestrial matter in so far as it produces light.
The question may very properly be asked, “ What has all
this to do with chemical analysis ?” It might be said,
“ It is true you have pointed out the difference between
the various parts of the solar spectrum ; but how is this
connected with the analysis which we. expect to be told
about—with the method by means of which chemical
substances may be detected or examined with a degree
of accuracy beyond anything that has hitherto been
attained ?” In order to enable you to answer this
question, let us begin by examining the action of heat
upon terrestrial matter, and, in the first place, upon solid
bodies. I have here the means of heating a long picee
of platinum wire, first of all to redness, and by diminish-
ing its length I shall be able to increase the temperature
of the wire gradually until I raise it to the melting point
of platinum. The first thing we observe when a solid
body, such as this wire, is heated, is that it becomes red
hot, and that as we increase the temperature, the light
which it gives off increases in refrangibility, so that it
ends by emitting light of every degree of refrangibility.
I cannot show you on the sereen the spectrum which this
heated wire yields, simply because the intensity of light
which it emits is insufficient for the purpose; but if I
were to allow the light to fall into my eye through a
prism, I should see that the red rays become first visible,
and that then a gradual increase in the refrangibility of
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the sereen the spectrum of the white-hot carbon points
heated in the electric arc. Here we have this grand
continuous band of light. The arrangements for pro-
ducing this are simple enough. We require to connect
the terminal wires from about sixty pairs of Groves’cells
with the carbon electrodes of a Duboseq’s lamp (E) con-
tained inside this lantern. The light passes through a
narrow vertical slit (s, Fig. 17) and by means of the move-
able lens (c) a distinct image of the slit is thrown upon the

E

e e

- B
e o e S S

Tz 17T,

screen (W w). A hollow prism filled with bisulphide of
carbon ( p,) is now introduced at the distance of about two
feet from the lens, the lamp, with the arm carrying lens
and prism, turned round until the coloured band falls upon
the screen, and the prism then adjusted to the angle of
minimum deviation for the yellow rays. A second prism
(p4) 1s next interposed, and the lamp and arm again turned
so as to allow the lengthened spectrum to fall on the sereen.
A drawing of lamp, lens, and prisms, thus placed,is shown
in Kig. 18.

How does the case stand with respect to that impor-
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tant form of matter termed the gaseous? Do aases when
they become incandescent all emit the same kind of light,
like solids, or does each chemically different gas emit a
characteristic and peculiar kind of licht? 1 purpose now

-

to show you that every different chemiecal element in the
state of gas, when heated until it becomes luminous, gives
off a peculiar light ; that the spectrum of every element
in the state of glowing gas is totally different from

that of any solid body, inasmuch as, instead of giving a
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continuous spectrum, it presents a broken ordiscontinuous
one containing bright bands or lines, indicative of the
presence of the particular elementary gas in question.® I
will illustrate this fundamental difference to you by means
of the following experiment. It has long been known
to chemists that certain substances have the power when
brought into a colourless flame of producing peculiar
tints. Thus for instance, if we bring various bodies into
the flame, such as the alkalies soda and potash, we
observe that the flame becomes coloured in the first
instance of a bright yellow and in the second case of a
pale violet tint; whilst the salts of strontium colour
the flame crimson, and those of barium produce a green
tint, and caleinm compounds impart a red colour to
flame. Here we have the beautiful non-luminous gas
flame produced by the combustion of coal gas mixed
with air, in what we know as the Bunsen burner. The
air and gas mix in the chimney, the gas issuing from a
Jet at the centre of the foot and the air entering by the
holes at the side ; the mixture burns with a light blue
flame, which we can tinge with the peculiar colours of
the alkalies by bringing a small fused bead of salt into
the outer mantle of the flame on the loop of thin
platinum wire (Fig 19). Here is another substance called
lithium: if we bring the slightest trace of this lithium salt
into the flame, you perceive the magnificent erimson tint
which it at once imparts to the flame, whilst in these
other burners we see the colours due to the salts of
potassium, caleium, strontium, and barium.,

A most important observation has now to be made,
namely, that all the salts of sodium give off this yellow

! Under peculiar circumstances certain incandescent gases give
continuous spectra ; sgee appendix D to Lecture TIL

E
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light when brought into the flame; so, too, all the lithium
compounds tint the flame crimson ; and this property of
emitting a peculiar kind of light is one of the means by
which the presence of these various chemical substances
can be detected. Here 1 wall 1']1'[1[1[]4'[‘. i l‘uwu]i:tl‘ ]r]llc_-.
flame by a substance which differs entirely from the
foregoing In properties, viz. the non-metallic element
selenium : 1t 1s a wvery volatile substance, and the blue
flame lasts only for a short time. Further on we have

the characteristic green colours communicated to the
ﬂ:llll{_" 03 .‘-1:1]1:: of :'u|r1u=]' ul]wI ]m!‘f‘u_'i{‘. .'lt'in].

[ will next show you the same thing in other ways;
for instance, I can here produce a much larger flame,
and show you the colour of the same salts. [ have a
laroe gas burner which, when urged by this blowpipe,
*_['li‘\:.l‘:'-i us a colourless flame three feet long. If I hold in
I1!|1|.~a flame pieces of pumice stone moistened with solutions
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of the chlorides of sodium, potassium, lithium, barium,
strontium, and ealcium, the colours imparted by these
substances will be rendered evident. Again, I have
another illustration in these gun papers, which have
been soaked in solutions of the chlorates of these metals
and then dried. The combustion is rather quick, but by
reflection on the white sereen their peculiar colours come
out well. Here you have the purple potash tint; here
the bright green colour characteristic of the barium
compounds. The common fireworks of the stage are
further illustrations of the peculiar colours produced by
certain chemical substances. I may imitate the red firve
by igniting some chlorate of strontium in coal gas; we
must melt the salt and then plunge it into the jar of
burning coal gas, when we get this splendid combustion
of oxygen in coal gas, coloured crimson by the ignited
vapour of strontium salt.

We have already seen that the quality of the light
emitted by solid bodies varies with difference of tem-
perature. The quality of the light emitted by gaseous
bodies, however, with certain exceptions—about which
I shall have to speak subsequently—does not vary
under change of temperature. Here I have the means
of igniting some sodium salt at various temperatures,
[ have in the first place the bluish flame of burning
sulphur, one of the coldest flames we can obtain, the
temperature being only 1,820° Centigrade ; then I mext
have the flame of burning carbon disulphide, having a
temperature of 1,295° C. Here we see the flame of coal
gas burning mixed with air: if I cut off the air, we get
the common luminous flame of coal gas; but if I allow
the air to mix with it before it burns, then we have this
beautiful non-luminous flame. The temperature of this

E 2
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other substance, such as lithium, the permanent red
colour which lithium vapour gives off will be clearly
seen.

Now the methods by means of which we can obtain
bodies in the state of luminous gas vary with the nature
of the substance, but I would beg you to understand
that the property which we have noticed with regard
to sodium is not confined to those bodies which have
the power of being volatilized in such a flame as I have
burning before me. This property belongs to matter
in general ; it belongs to every chemical element, and
if we can by any method get the vapour of a chemical
element so hot as to become luminous, we find that the
light emitted by it is peculiar to itself, and is distinctive
of that special body, whether under the ordinary cir-
cumstances the element be gaseous, solid, or liquid,
Hence you see that we have at last reached the prineiples
upon which the seience of speetrum analysis is based, by
means of which we can detect the presence of any of
the elementary bodies when they can be obtained in this
state of glowing gas.

We must now pass on to the consideration of the
various methods by which the elements can be obtained
as luminous gases.

I'would propose to confine our attention in this lecture
to the method by which we can detect the presence of
the alkalies and alkaline earths, of the spectra of which
we have had illustrations. 1 would first point out
to you the kind of spectrum which we obtain when we
look at these various coloured flames through a prism or
spectroscope, to the construction of which we will now
briefly refer,

The simplest form of spectroscope which Bunsen first
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adopted is represented in Fig. 20. It consists of simply
a common hollow prism placed in a box; a telescope at
one end, and a slit placed on a tube with a lens at the

Fic. 20,
other end, in order to obtain a pure spectrum, and to
render the rays parallel. The substance to be examined
is placed i the colourless Bunsen’s flame, and the light
passing through this slit falls upon the prism, and having

PR S

e

Fic. 21. ]

thus been split up into its constituent parts, the differently
coloured rays pass through this telescope, are magnified,
and then fall upon the retina. In Fig. 21 we have the

D o i b i s
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more perfect form of the instrument represented, as made
by Steinheil of Munich.! With this we are enabled to use
two flames, and the apparatus is so arranged that we can
see the two spectra placed one above the other. The
object of this superposition of the spectra is evident:
it is to enable us to see whether the substance under
examination really is the body which it is supposed to be.
For instance, putting a small quantity of the substance
we know to contain sodium in this flame, we place a
substance supposed to contain sodium
in the other flame, and then by means
of a small reflector placed on the end
of the slit we have the spectra of these
two flames sent into the telescope one
above the other, so that we see at the same time the spec-
trum of the pure sodium and the spectrum supposed to
be that of sodium ; and we can readily observe whether
the lines coincide. If they coincide, and the two spectra
have these lines exaetly continuous one below the other,
then we are quite certain that sodium, or any other
substance which we may have been investigating, is

! This instrument consists of a prism (a) fixed upon a firm iron
stand, and a tube (b) carrying the slit (), seen on an enlarged
seale in Fig. 22, through which the rays from the coloured Hames
(¢ and é) fall upon the prism, being remdered parallel by passing
through a lens. The light, having been refracted, is received by the
telescope (f), and the image magnified before reaching the eye. The
rays from each flame are made to pass into the telescope (f), one set
through the upper uncovered half of the slit, the other by reflection
from the sides of the small prism (¢), Fig. 22, through the lower half ;
thus bringing the two spectra into the field of view at cnce, so us to
be able to make any wished-for comparison of the lines. The small
luminous gas flame (&), Fig. 21, is placed so as to illuminate a fixed
scale contained inside the tube (7): this is reflected from the surface

of the prism (a) into the telescope, and serves as a means of measuring
the position of the lines.
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this is placed a small reflector to enable us to get two
spectra—the two superposed. The light passes through
the fine vertical slit, the rays are rendered parallel by
the lens fixed at the end of the tube (a) ; it then passes
through these four prisms, and the rays thus split up
into constituent parts fall on to the telescope (B), at
the end of which the eye is placed. This, then, gives
you the simplest form of spectroscope, and at the same
time the most delicate and complete.

- We have here representations as truly painted as
possible (see Frontispiece) of what is seen when we allow
a light from such coloured flames as those which have
been burning to fall on to the retina through a spectro-
scope properly arranged.

At the top of the diagram (No. 1) is a drawing
showing a solar spectrum, and underneath we have the
spectra of the alkalies and alkaline earths, potassium
(No. 2), sodium (No. 7), and lithium (No. 8), calcium °
(No. 9), strontium (No. 10), and barium (No. 11),
together with the two new metals rubidium and caesium
(Nos. 3 and 4), discovered by Bumsen, about which 1
shall speak in my next lecture; also the spectra of
thallium and indium (Nos. 5 and 6), two other new
metals, one of which was lately discovered by our
countryman Mr, Crookes. You will perceive in the first
place that each of these spectra is different from the rest,
although they all possess the common characteristic of
containing bright lines or bands, which oceur in various
portions of the spectrum, and indicate the peculiar kind
of light which these various bodies, when brought into
a state of glowing gas, emit. The sodium flame when
observed by means of the spectroscope exhibits only
one bright yellow line; in other words, this Light is
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we have for one moment a glimpse of a yellow flame.
If I heat the wire in the flame, the sodium salts will all
volatilize, and the yellow flame will quite disappear; but
if I now draw this wire once through my fingers, you
observe the sodium flame will on heating again appear.
If T heat it again and draw it through my mouth, it will
be evident that the saliva contains a very considerable
quantity of sodium salts. If I leave the wire ex-
posed here, tied round this rod, so that the end does
not touch anything, for ten minutes or a quarter of an
hour, I shall obtain the sodium reaction again, even if
the wire be now perfectly free. This is because sodium
salts pervade the atmosphere, and some particles of
sodium dust flying about in the air of the room settle on
the wire, and show their presence in the flame.

I shall hope in the next lecture to consider the history
of the subject, and to point out to you that this constant
reaction of sodium puzzled the old observers very much.
They thought this reaction must be due to the presence
of water, for there was no other substance which was
so commonly diffused ; and it is only recently that this
yellow reaction has been found to be due to this metal,
sodinm. To refer for a moment to the distribution of
lithium compounds: we must remember that this sub-
stance, giving the beautiful red flame which you saw just
now, and the spectrum exhibiting the one bright red line,
was only known to exist in three or in four compara-
tively rare minerals until lately. The moment, however,
we come to examine substances by the spectrum analy-
tical method, we find that the brilliant red line, which is
characteristic of the presence of lithium, occurs very
frequently, And why was not the red flame noticed
before 2 Because when the light was examined by means
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1. Sodiwm. y555ses part of a milligramme, ysvovovoo
part of a grain, of soda can easily be detected. Soda
is always present in the air. All bodies exposed to the
air show, when heated, the yellow soda line. If a book
be dusted near the flame, the soda reaction will be seen.

2. Lithium. ysdsos part of a milligramme, or ssooovo
part of a grain, can be easily detected. Lithium was
formerly only known to exist in four minerals: it is now
found by spectrum analysis to be one of the most widely
distributed elements. It exists in almost all rocks, in
sea and river (Thames) water, in the ashes of most plants,
in milk, human blood, and muscular tissue.

3. Strontiwm. tsoisss of a milligramme, or tyrivos of
a grain, of strontia is easily detected. Strontia has been
shown to exist in very many limestones of different
geological ages.

4. Calcium. tofyss of a milligramme, or yoohos of a
grain, of lime can be easily detected.

5. Cewsium and Rubidium. These new alkaline metals
were discovered by Bunsen in the mineral waters of

Baden and Diirkheim. Forty tons of mineral water
~yielded two hundred grains of the salts of the new
metals,

6. Thallivm. A new metal discovered by Mr. Crookes
in 1861, distinguished by the splendid green line which
its spectrum exhibits. It is found in iron pyrites, and
resembles lead in its properties.

7. Indium. Discovered in zine blende by Professors
Reich and Richter : found in very minute quantities,
It is distingnished by the two indigo bands seen in
its spectrum.

I will now endeavour to illustrate, by means of the
electric lamp, the fact that all these bodies give off
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you observe the red line, which was not noticeable before.
This splendid red line is due to the presence of lithium;
and when we see this red line through an accurate in-
stroment, it appears as fine as the finest slit of light
which we can take. This bright red line is always
found exactly in the same position; and the fixity of
these lines is in fact the most important principle
involved in our inquiry: they are unalterable in
refrangibility.

I have next to direct your attention to the blue line
which is now visible on my right. This is also caused
by lithium, for when we heat up lithium vapour beyond
a certain point, as high as I am now doing with the elec-
tric lamp, this blue band also becomes visible ; but it is
not visible when the temperature of the incandescent
lithium vapour is lower. The blue ray may perhaps always
be given off,even at lower temperatures ; for if light requires
to be of a certain intensity before it can affect the retina
and become visible, and if, in order that the intensity of
the light may thus inerease, we must heat the vapour to a
higher point, we have a complete explanation of the ap-
pearance of the blue line. It is important to notice that
the positions of the red and of the orange lines seen at
the lower temperature never shift or change in position
the least when the temperature is changed. Hence the
appearance of the red line is proof positive of the presence
of lithium. In this lithium spectrum you will also notice
the sodium line. We can never get rid of our friend
sodium, he always remains stedfast to us; in fact, we
should be sometimes glad to dispense with his presence,
but it is not an easy matter to induce him to leave us.

I would next show you the spectra of metals of the
alkaline earths, 1 will first bring a small quantity of
K
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obtain absolute and decisive evidence of the presence
of all these substances, coming out, as I said, like a
dissolving view, one after another, and the quantities
which we can here detect are something marvellously
small. Here we have this splendid series of variegated
bands, exhibiting the superposed spectra of all the
substances I have mentioned. There you see the lithium
red line ; here the less refrangible red line of potassium ;
there the strontium bands; you observe the two blue
bands, one due to strontium and the other to lithium. 1
shall have occasion to show you that there are some
other very beautiful purple bands, characteristic of
ceesium and rubidium, the new metals discovered by
Bunsen, about the history of which I propose to speak
to you in the next lecture. Now the sodium is very
nearly burnt out, and the lithium will soon disappear,
whereas the green bands produced by the less volatile
barium compounds will remain for a greater length of
time.

In conclusion, gentlemen, I have to remind you that
it 1s simply a question of temperature; it is only a
matter of experimentation how, and in what way, we
can best obtain the elementary bodies in the condition of
glowing gas. Having done that, we can readily detect
their presence by this very interesting and important
property they possess, of each body emitting light of a
peculiar and characteristic kind, light of various degrees
of refrangibility ; each giving what we term a dis-
continuous spectrum.
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as regards delicacy with this spectrum analytical determination
of sodinm. In a far corner of our experiment room, the eapacity
of which was about 60 cubic metres, we burnt a mixture of three
milligrammes of chlorate of sodium with milk-sugar, whilst the
non-luminous colourless flame of the lamp was observed through
the slit of the telescope. Within a few minutes the flame, which
gradually become pale yellow, gave a distinet sodium line, which,
after lasting for ten minutes, entirely disappeared. From the
weight of sodium salt burned and the capacity of the room, it
is easy to calculate that in one part by weight of air there is
suspended less than sgpgpoos ©f & part of soda smoke. As
the reaction can be observed with all possible comfort in
one second, and as in this time the quantity of air which is
heated to ignition by the flame is found, from the rate of issue
and from the composition of the gases of the flame, to be only
about 50 cub. cent. or 0-0647 grm. of air, containing less than
sgoooovo Of sodium salt, it follows that the eye is able to
detect with the greatest ease quantities of sodium salt less than
sooooos Of a milligramme in weight. With a reaction so
delicate, it is easy to understand why a sodium reaction is almost
always noticed in ignited astmospheric air. More than two-
thirds of the earth’s surface is covered with a solution of chloride
of sodium, fine particles of which are continually being carried
into the air by the action of the waves. These particles of sea
water cast thus into the atmosphere evaporate, leaving almost
inconceivably small residues, which, floating about, are almost
always present in the air, and are rendered evident to our
eyesight in the sunbeam. These minute particles perhaps serve
to supply the smaller organized bodies with the salts which
larger animals and plants obtain from the ground. In another
point of view, however, the presence of this ehloride of sodium
in the air is of interest. If, as is scarcely doubtful at the
present time, the explanation of the spread of contagious disease
is to be sought for in some peculiar contact-action, it is possible
that the presence of so antiseptic a substance as chloride of
sodium, even in almost infinitely small quantities, may not be
without influence upon such oceurrences in the atmosphere,
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The compounds of lithium with oxygen, iodine, bromine, and
chlorine are the most suitable for the peculiar reaction; still
the carbonate, sulphate, and even the phosphate, give almost
as distinet a reaction. Minerals containing lithium, such as
triphylline, triphane, petalite, lepidolite, require only to be held
in the flame in order to obtain the bright line in the most
satisfactory manner. In this way the presence of lithium in
many felspars can be directly detected ; as, for instance, in the
orthoclase from Baveno. The line is only seen for a few
moments, directly after the mineral is brought into the flame.
In the same way the mica from Altenburg and Penig was found
to contain lithium, whereas micas from Miask, Aschaffenburg,
Modum, Bengal, Pennsylvania, &e., were found to be free from
this metal. In natural silicates which contain only small traces
of lithium this metal is not observed so readily. The examina-
tion is then best conducted as follows ;—A small portion of the
substance is digested and evaporated with hydrofluoric acid or
fluoride of ammonium, the residue moistened with sulphurie
acid, and heated, the dry mass being dissolved in absolute alcohol.
The alcoholic extract is then evaporated, the dry mass again
dissolved in alcohol, and the extract allowed to evaporate on a
shallow glass dish. The solid pellicle which remains is scraped
off with a fine knife, and brought into the flame upon the thin
platinum wire. For one experiment ;% of a milligramme is in
general quite a sufficient quantity., Other compounds besides
the silicates, in which small traces of lithium require to be
detected, are transformed into sulphates by evaporation with
sulphuric acid or otherwise, and then treated in the manner
described.

In this way we arrive at the unexpected conclusion that
lithium is most widely distributed throughout nature, occurring
in almost all bodies. Lithium was easily detected in 40 cubic
centimetres of the water of the Atlantic Ocean, collected in
41° 41’ N. latitude and 39° 14’ W. longitude. Ashes of marine
plants (kelp), driven by the Gulf Stream on the Scotch coasts,
contain evident traces of this metal. All the orthoclase and
quartz from the granite of the Odenwald which we have
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only seen during a few moments amongst the first products
of the volatilization. :

In the production of lithium salts on the large scale, in
the proper choice of a raw material, and in the arrangement
of suitable methods of separation, this spectrum analysis affords
most valuable aid. Thus it is only necessary to place a drop
of mother liquor from any mineral spring in the flame and
to observe the spectrum produced, in order to show that in
many of these waste products a rich and hitherto unheeded
source of lithium salts exists. In the same way, during the
course of the preparation any loss of lithium in the collateral
products and residues can be easily traced, and thus more con-
venient and economical methods of preparation may be found
to replace those at present employed.!

POTASSIUM,

The volatile potassium compounds give, when placed in the
flame, a widely-extended continuous spectrum, which contains
only two characteristic lines, namely, one line, Kaa, in the
outermost red, approaching the ultra-red rays, exactly coinciding
with the dark line A of the solar spectrum, and a second line,
Ka 3, situated far in the violet rays towards the other end of
the speetrum, and also identical with a particular dark line ob-
served by Fraunhofer.

A very indistinet line, coineciding with Fraunhofer’s line B,
which, however, is only seen when the light is very intense,
is not by any means so characteristic. The violet line is
somewhat pale, but can be used almost as well as the red line
for the detection of potassium. Owing to the position of these
two lines, both situated near the limit at which our eyes cease
to be sensitive to the rays, this reaction for potassium is not

! We obtain by such an improved method from two jars (about four litres) of a
mother liquor from a mineral spring, which by evaporation with sulphuric aeid
gave 12 kils. of residue, half an ounce of earbonate of lithium of the purity of the
commercial, the cost of which is about 140 florins the pound. A great number

of other mineral spring mother liguors which we examined showed a similar
richness in compounds of lithinm.
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line, Srd, are the most important strontium bands, both as
regards their position and their intensity. For the purpose of
examining the intensity of the reaction we quickly heated an
aqueous solution of chloride of strontinm, of a known degree
of concentration, ina platinum dish over a large flame, until the
water was evaporated and the basin became red-hot. The salt
then began to decrepitate, and was thrown in mieroscopic
particles out of the dish in the form of a white cloud carried up
into the air. On weighing the residual quantity of salt, it was
found that in this way 0:077 grm. of chloride of strontium had
been mixed in the form of a fine dust with the air of the room,
weighing 77,000 grms. As soon as the air in the room was
perfectly mixed, by rapidly moving an umbrella, the character-
istic lines of the strontium spectrum were beantifully seen.
According to this experiment a quantity of strontium may be
thus detected equal to the y4i%ss part of a milligramme in
weight. The chlorine and the other haloid salts of strontium
give the action less vividly, the sulphate less distinetly, whilst
the compounds of strontinm with the non-volatile acids give
either a very slight reaction or else none at all. Hence it is
well first to bring. the bead of substance alone into the flame,
and then again after moistening with hydrochlorie acid. If it
be supposed that sulphuric aeid is present in the bead, it must
be held in the reducing part of the flame before it is moistened
with hydrochlorie acid, for the purpose of changing the sulphate
into the sulphide, which is decomposed by hydrochloric acid.
In orvder to detect strontium when combined with silicie,
phosphorie, boracie, and other non-volatile acids, the following
course of procedure gives the best results. Instead of fusing
with carbonate of sodinm in a platinum ecrueible, a conical
spiral of platinum wire is employed: this spiral is heated to
‘whiteness in the flame, and dipped whilst hot into finely
powdered dried carbonate of sodium, which properly should
contain so much water that a sufficient quantity adheres to the
wire when it is once dipped into the salt, The fusion takes
place in this spiral much more quickly than in a platinum
crucible, as the mass of platinum requiring heating is small, and
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of strontium, Sre. By burning a mixture consisting of chloride
of calcium, chlorate of potassium, and milk-sugar, a white cloud
is obtained which gives the reaction with as great a degree of
delicacy as strontium salts do under similar circumstances. In
this way we found that yggososy of a milligramme in weight of
chloride of caleium ecan be detected with certainty. Only the
volatile compounds of calecium give this reaction; the more
volatile the salt, the more distinet and delicate does the reaction
become. The chloride, bromide, and iodide of caleium are in this
respect the best compounds, Sulphate of caleium produces the
spectrum, after it has become basic, very brightly and con-
tinuously. In the same way the reaction of the carbonate
hecomes more distinetly visible after the acid has heen expelled.
Compounds of caleium with the non-volatile acid remain in-
active in the flame; but if they are attacked by hydrochloric
acid, the reaction may be easily obtained as follows:—A few
milligrammes of finely powdered substance are brought on to
the moistened flat platinum ring in the moderately hot part of
the flame, so that the powder is fritted but not melted on to the
wire: if a drop of hydrochloric acid be now allowed to fall into
the ring, so that the greater part of the acid remains hanging on
to the wire, and if then the wire be brought into the hottest part
of the flame, the drop evaporates in the spheroidal state without
ebullition. The spectrum of the flame must be observed during
this operation ; and it will be noticed that at the moment when
the last particles of liquid evaporate, a bright calcium spectrnm
appears. If the quantities of the metal present are very small,
the characteristic lines are only seen for a moment; if larger
quantities are contained, the phenomenon lasts for a longer time.

Only in the silicates which are decomposed by hydrochlorie
acid can the caleium be thus found. In those minerals which
are not attacked by that acid the following method may be
best employed for the detection of caleium. A few milligrammes
of the substance under examination, in a state of fine division,
are brought upon a flat platinum lid, together with about
a gramme of fluoride of ammonium, and the mixture is gently
ignited until all the fluoride is volatilized. The slight crust
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then be collected on a small filter and washed with aleohol.
The filter burnt on a fine platinum wire and held in the flame
aives besides the caleium lines an intensly bright strontinm
spectrum.

2. Mineral waters often exhibit the reactions of potassium,
sodium, lithinm, calcium, and strontium by mere heating., If,
for example, a drop of the Diirkheim or Kreuznach waters be
brought into the flame, the lines Naa, Lia, Caa, and Ca 8 are
at once seen. If instead of using the water itself a drop of the
mother liquor is taken, these bands appear most vividly. As
soon as the chlorides of sodium and lithinm have been to a
certain extent volatilized, and the chloride of caleium has
become more basie, the characteristic lines of the strontium
gpectrum begin to show themselves, and continue to increase
in distinctness until at last they come out in all their true
brightness. 1In this case therefore, by the meré observation
of a single drop undergoing vaporation, the complete analysis
of a mixture containing five constituents is performed in a few
seconds.

3. The ash of a cigar moistened with hydrochlorie acid and
held in the flame shows at once the bands Na ¢, Kaa, Lia, Ca «a,
CapB. L

4. A piece of hard potash-glass combustion tubing gave, both
with and without hydrochlorie acid, the lines Naa and Kaa :
treated with fluoride of ammonium and sulphurie acid, the bands
Caa, Ca B, and traces of Li e were rendered visible.

6. Orthoclase from Baveno gives, either alone or when
treated with hydrochlorie acid only, the lines Naa« and Kaaq,
with traces of Lia: with fluoride of ammonium and sulphurie
acid, the bright lines Na e and Ka a, and a somewhat less distinet
Lia, are seen. After volatilization of the bodies thus detected,
the bead moistened with hydrochloric acid gives a scarcely
distinguishable flash of the lines Caa and Ca 8. © The residue
on the platinum wire, when moistened with cobalt solution
and heated, gives the blue colour so characteristic of alumina.
If the well-known reaction of silicic acid be likewise employed,
we may conclude from this examination made in the course
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from Rohrbach near Heidelberg, limestone from the lias at
Malsch in Baden, chalk from England. The following lime-
stones gave the lines Na a, Lia, Kaa, Caa, CagB, but not the
blue strontivm band Sr 8 :—marble from the granite near
Auerbach,! limestone from the Devonian at Gerolstein in the
Eifel, carboniferous limestone from Planitz in Saxony, dolomite
from Nordhausen in the Hartz, Jura kalk from Streitberg in
Franconia. From these few experiments it is evident that a
more extended series of exact spectrum analyses, respecting the
amount of strontium, lithium, sodium, and potassium which
the various limestone formations contain, must prove of the
greatest geological importance both as regards the order of
their formation and their local distribution, and may possibly
lead to the establishment of some unexpected conclusions
respecting the nature of the oceans from which these limestones
were originally deposited.

BARIUM,

The barium spectrum is the wmost complicated of the spectra
of the alkalies and alkaline earths. It is at once distinguished
from all the others by the green lines Baa and Ba g (which
are by far the most distinet) appearing the first, and continuing
during the whole of the reaction. Bary is not quite so distinet,
but is still a well-marked and peculiar line. As the barium
spectrum is considerably more extended than those of the other
metals, the reaction is not observed to so great a degree of
delicacy ; still 0-3 grm. of chlorate of bariwm burnt with milk-
sugar gave a distinct band of Ba a which lasted for some time,
when the air of the room was well mixed by moving an open
umbrella about. Hence we may caleulate, in the same manner
as was done in the sodium experiment, that about 5% of a
milligramme of barium salt may bhe detected with the oreatest
certainty.

' According to the method already deseribed, a quantity of nitrate of strontium
was obtained from 20 grms. of this marble such as to give a complete and vivid

strontium spectrum.  We have not examined the other limestones in the same
way.
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after the lapse of a few minutes, the lines Ca a, Ca 8, Sra, Sr 3,
Sry, and Sr8, became gradually visible, and, like a dissolving
view, at last attained their characteristic distinctness, colouring,
and position, and then, after some time, became pale, and dis-
appeared entively. The absence of any one or of several of
these bodies is at once indicated by the non-appearance of
the corresponding bright lines.

Those who become acquainted with the various spectra by
repeated observation do not need to have before them an exact
measurement of the single lines in order to be able to detect the
presence of the various constituents ; the colour, relative position,
peculiar form, variety of shade and brightness, of the bands are
quite characteristic enongh to ensure exact results, even in the
hands of persons unaccustomed to such work. These special
distinctions may be compared with the differences of outward
appearance presented by the various precipitates which we
employ for detecting substances in the wet way. Just as it
holds good as a character of a precipitate that it is gelatinous,
pulverulent, flocculent, granular, or crystalline, so the lines of
the spectrum exhibit their peculiar aspects, some appearing
sharply defined at their edges, others blended off either at one
or both sides, either similarly or dissimilarly; or some again
appearing broader, others narrower; and just as in ordinary
analysis we only make use of those precipitates which are
produced with the smallest possible quantity of the substance
supposed to be present, so in analysis with the spectrum we
employ only those lines which are produced by the smallest
possible quantity of substance, and require a moderately
high temperature. In these respects both analytical methods
stand on an equal footing; but analysis with the spectrum
possesses a great advantage over all other methods, inasmuch
as the characteristic differences of colour of the lines serve
as the distinguishing feature of the system. Most of the
precipitates which are valuable as reactions are colourless; and
the tint of those which are coloured varies very considerably,
according to the state of division and mechanical arrangement
of the particles. The presence of even the smallest quantity

G 2
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APPENDIX B.

BUNSEN AND KIRCHHOFF ON THE MODE OF USING A
SPECTROSCOPE. !

The apparatus is represented by Fig. 25. On the upper end of
a cast-iron foot a brass plate is serewed, carrying the flint-
glass prism (), having a refracting angle of 60°. The tube &
is also fastened to the brass plate: in the end of this tube near-
est the prism is placed a lens, whilst the other end is closed by

Fig. 25.

a plate in which a vertical slit has been made. Two arms are
also fitted on to the cast-iron foot, so that they are moveable in a
horizontal plane about the axis of the foot. One of these arms
carries the telescope (), having a magnifying power of 8, whilst
the other carries the tube (y): a lens is placed in this tube at the

L Second Memoir on Spectrum Analysis, Phil. Mag. vol. xxii. 1861, Pp- 384—
498,
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placed on the brass plate, and fastened in the position which is
marked for it, and secured by screwing down the spring. If
the axis of the tube b be now directed towards a bright surface,
such as the flame of a candle, the spectrum of the flame is seen
in the lower half of the field of the telescope on moving the latter
through a certain angle round the axis of the foot. When the
telescope has been placed in position, the tube g is fastened on
to the arm belonging to it, and this is turned through an angle
round the axis of the foot such that, when a light is allowed to
fall on the divided scale, the image of the scale is seen through
the telescope f, reflected from the nearer face of the prism.
This image is brounght exactly into focus by altering the posi-
tion of the scale in the tube g; and by turning this tube on its
axis it is easy to make the line in which one side of the divisions
on the scale lie parallel with the line dividing the two spectra,
and by means of the screw & to bring these two lines to
coincide.

In order to bring the two sources of light, ¢ and ¢, into posi-
tion, two methods may be employed. One of these depends upon
the existence of bright lines in the inner cone of the colourless
gas flame, which have been so carefully examined by Swan. If
the lamp ¢ be pushed past the slit, a point is easily found at
which these lines become visible ; the lamp must then be pushed
still further to the left, until these lines nearly or entirely dis-
appear; the right mantle of the flame is now before the slit,
and into this the bead of substance under examination must be
brought. In the same way the position of the source of light ¢
may be ascertained.

The second method is as follows :—The telescope f is so
placed that the brightest portion of the spectrum of the flame of
a candle is seen in about the middle of the field of view; the
flame is then placed before the ocular in the direction of the axis
of the telescope, and the position before the slit determined in
which the upper half of the slit appears to be the brightest; the
lamp e is then placed so that the slit appears behind that portion
of the flame from which the most light is given off after the
introduction of the bead. In a similar way the position of the
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are specially represented on the upper edge of the scale, to the
divisions of which they are referred as abscissee. In order to
render these drawings, which have reference to our instrument,
applicable to observations upon the scale of any other apparatus,
which we may ecall B, it is only necessary to prepare a reduced
scale, which is laid upon the several drawings, and used in place
of the divided scale given in the figure. The lines marked at the
bottom of Fig. 24, serve for the preparation of this new scale:
these lines denote the distances between the lines Ka, Lia, Na, Tl,
Sréd, Rba, and K8, measured according to the scale of our
instrument. The position of each of these lines is determined
by the edge of the line, which does not change its place on
altering the breadth of the slit. The position of these same
lines is read off on the scale of the instrument B, and the
corresponding number written under each. A series of fixed
points on the scale is thus obtained, and the complete divisions
for the scale of instrument B are got by interpolating the values
of the portions of the seale situated between the fixed points,

The sodinm line is then inserted in this seale, which is pasted
upon a straight-edge, and the divisions numbered in tens and
fives. If this measure be now laid upon any one of the drawings,
so that the sodium line on the measure coincides with the
division 50 on the drawing, the scale on the measure will give
the position of all the lines in the particular spectrum exactly as
they are seen in the photographic scale of the instrument B.
When the position of the line under observation has in this way
been ascertained, it is easy to assure oneself of its exact identity
by means of the small prism on the slit of the spectroscope.
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coveries have made the names of Bunsen and Kirchhoff
celebrated throughout the scientific world.

But although these philosophers are the real dis-
coverers of this method, because they carried it out with
all due scientific accuracy and placed it on the sure
foundation upon which it now rests, yet we must not
suppose that the ground was before their time abso-
lutely untrodden. No great discovery is made all at
once. There are always stepping-stones by which such
a “position is reached, and it is right to know what
has been previously done, and to give such credit as
is their due to the older ohservers,

So long ago as 1752, Thomas Melville, while experi-
menting on certain coloured flames, observed the yellow
soda flame, although he was unacquainted with its cause.
In 1822, Brewster introduced his monochromatic lamp,
in which the soda light is used ; the first' idea, however,
being due to Melville. A single experiment will prove
to you the nature of this monochromatie soda light. 1
have here the means of producing a very intense soda
flame, and I will throw the light on to this screen with
painted letters. You will observe that no colour is
noticeable in these letters. They appear in various degrees
of shade or intensity, but no difference of colour is
visible, because the light falling upon them is of a pure
yellow colour. Now, if I throw a small quantity of mag-
nesium powder into the flame, you will at once notice
how brightly the various colours come out., We have
here white light containing rays of every degree of
refrangibility : hence the different colours appear, each
letter being able to reflect its own peculiar rays. :

Sir John Herschel, in the year 1822, investigated the
spectra of many coloured flames, especially of the stron-
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opinion entertained at the present moment more con-
cisely than Talbot did in the year 1826. These carly
observers did not, however, determine the exact nature
of the substance producing the colour, inasmuch as the
extreme sensitiveness of this sodium reaction put them
off the seent: they could not believe that sodium was
present everywhere.

Both Herschel and Brewster found that the same
yellow licht was obtained by setting fire to spirits of
wine diluted with water, and Talbot also mentions
cases in which no soda was, as he thought, present,
and yet this yellow line always made its appearance.
Henece he says, “ The only matter which these substances
have in common is water,” and he throws out the sugges-
tion that this yellow line is produced by the presence of
water. In February 1834 Talbot writes: * Lithia and
strontia are two bodies characterised by the fine red-tint
which they communicate to the flame. The former of
these is very rare, and I was indebted to my friend
Mr. Faraday for the specimen which I subjected to the
prismatic analysis. Now it is very difficult to distinguish
the lithia red from the strontia red with the naked eye,
but the prism betrays between them the most marked
distinetion which can be imagined. The strontia flame
exhibits a great number of red rays well separated from
each other by dark intervals, not to mention an orange
and a very definite bright blue ray. The lithia exhibits
one single red ray. Hence I hesitate not to say, that
optical analysis can distinguish the minutest portions of
- these two substanees from each other with as much
certainty, if not more, than any known method.” Still
Talbot says further on that “the mere presence of the
substanee, which suffers no diminution in consequence,
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took some of these alkalies, and found, on examining by
the spectroscope the flame which this particular salt or
mixture of salts gave off, that some bright lines were
visible which he had never observed before, and which he
knew were not produced either by potash or soda. So
much reliance did he place in this new method of spee-
trum analysis that he at once set to work to evaporate
so large a quantity as forty-four tons of this water
in which these new metals, which he termed ecaesium
and rubidium, were contained in exceedingly minute
(uantities.

In short, he succeeded in detecting and separating the
two new alkaline substances from all other bodies, and
the complete examination of the properties of their com-
pounds which he made with the very small quantity
at his disposal remains a permanent monument of the
skill of this great chemist. Both these metals occur
in the water of the Diirkheim springs. 1 have here the
numbers giving Bunsen’s amnalysis, in thousand parts, of
the mineral water of Diirkheim and of Baden-Baden.

The quantity of the new substance contained in the
water from the Diirkheim springs is excessively small,
amounting in one ton to about 3 grains of the chloride of
ceesium and about 4 grains of the chloride of rubidium ;
whilst in the Baden-Baden spring we have only traces
of the cesium chloride, and a still smaller quantity than
in the other spring of the rubidium chloride. From the
forty-four tons of water which he evaporated down Bun-
sen obtained only about 200 grains of the mixed metals,
You will easily appreciate the delicacy and accuracy of
a method by which the presence of so minute a trace of
the new metals as that contained in the water could be
so readily detected.
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exhibits. The tint yielded by these two metals is very
similar indeed, and in fact, not only in the character of
the light which they emit, but in all their chemical
properties, the compounds of both the new bodies re-
semble potassium compounds very closely. Here I bring
a small quantity of rubidium salt into the flame, and
you observe the beautiful purple tint which the flame
exhibits. Now I throw in a little czesium salt, and you
notice we get a very similar kind of colour, rather more
red, but scarcely to be distinguished from the violet
potash flame burning alongside.

If I next show you the spectra of ceesium and rubi-
dium on the screen, and compare them with the spectrum
of potassium (see Frontispiece, Nos. 2, 3, and 4), you will
see that these new metals exhibit (in accordance with
their correspondence in other chemical properties) a
striking analogy with potassium. All three metals
possess spectra which are continuous in the middle,
decreasing in intensity towards each end. In the case of
potassinm the continuous portion is most intense, in that
of rubidium less intense, and in the ceesium spectrum
this luminosity is least. In all three we observe the
most intense and characteristic lines towards both the red
and blue ends of the spectrum. The metal rubidium, as
its name implies, is characterised by two splendid deep
red lines (see Frontispiece, No. 3), both less refrangible
than the potassium red line; but the two violet lines
are even more splendid, and serve as the most delicate
test of the presence of the metal.

No less than the 0:0002 part of a milligramme of ru-
bidium can be detected by the speetrum reaction. The

! Showing that under certain circumstances gases may emit light
of every degree of refrangibility.

H
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it is only by the discriminating power of spectrum ana-
lysis that we have been able to ascertain the existence of
the new metal.

Of course, when Bunsen once knew of the existence of
these two new elementary bodies, he was easily able to
find the means of separating them accurately one from
the other, and from the well-known substance potas-
sium, and at the present day the chemical history and
characters of these two metals and their compounds
are as well known as those of the commoner alkalies.

The reaction by which Bunsen separated the new
metals from potassium can easily be rendered visible to
you. I have here a small quantity of rubidium chloride
in solution, and here again I have a solution of the double
chloride of potassium and platinum.

The chloride of rubidium and platinum is much less
soluble than the corresponding potassium compound, and
hence, if I add the potassium double chloride to this
rubidium salt, I shall have a precipitation of the double
chloride of rubidium and platinum ; and this will indi-
cate to you the mode by which Bunsen separated these
two metals from each other.

Here you observe by pouring in this solution the
liquid at once becomes turbid, and we get a very
considerable quantity of a heavy yellow granular
precipitate.

It is unnecessary now to enter into the analytical
methods by which cesium can also be separated from
rubidium ; it is sufficient to state that the separation is
based upon the different solubilities of the tartrates of
the new metals,

The isomorphous relations between the salts of
rubidium and cmsium and those of potassium also

H 2
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remarkable, It stands about half-way between lead and
the alkalies, resembling in many of its characters the
metal lead. Thallium can, however, be separated per-
fectly from the alkalies and lead by means of the
insolubility of its chloride and the solubility of its
sulphate. The specific gravity of thallum i1s 11'8,
and its combining weight is a very high one, 204,

The properties of thallinm have been examined by a
French chemist, M. Lamy, as well as by Mr. Crookes.
It has been found to exist in very large quantities in
certain varieties of iron pyrites, a substance from which
we manufacture almost all our sulphuric acid.

I will now show you the deposition of thallium in the
metallic state. We can here decompose a solution of the
sulphate of thallium by a current of electricity, and then
we shall observe the metallic thallinm shooting out as
a beautiful arborescent growth on the screen. Here
you see the crystals of metallic thallium stretching out
their long arms all over the screen.

The soluble salts of thallinm act as a cumulative poi-
son: they have been found in large quantities in animals
which have been poisoned by this substance. The method
for determining or detecting the presence of thallinm in
such a poisoned animal by means of spectrum analysis is
extremely simple. If we had such a means of detecting
some of the other metallic poisons as readily as that
of thallinm, the work of the toxicologist would be
extremely easy ; except that under these circumstances
the very delicacy of the test becomes in itself a danger.

There is still one other elementary body of which |
have to speak, namely, the metal indium.

Indium was discovered in 1864 by two German pro-
fessors, Reich and Richter, of the celebrated Mining
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be made to give off a peculiar light when heated up by
means of the electric spark.

When we pass the electric spark through a gas, it
becomes heated up to a temperature far higher than any-
thing we can obtain by means of flames ; and when thus
heated the gas gives off the light which is peculiar to
itself. Thus we find that, according to the nature of
the atmosphere which surrounds the spark, the colour of
that spark varies.

If we seal up a quantity of hydrogen gas, of carbonic
acid gas, of nitrogen gas, in separate tubes, and allow
| g 27),
the spark which passes through the hydrogen has a red

an electric spark to pass through these tubes (sce Fi

colour, and that which passes through the nitrogen has a
yellow colour ; while that which passes through the car-
bonic acid gas has a blue colour: and these differences
of colour are due simply to the effect of the gas enclosed
in the tube. [ can vary the experiment by taking Geiss-
ler's tubes (Fig. 28) containing these gases only in very
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minute quantities, so that the eleetric discharge can pass
through a longer capillary column of gas: we then find
that the small quantity of gas in the exhausted tubes
becomes heated up to incandescence, and gives off its
peculiar rays in a line of brilliantly coloured light.

[ have here a hydrogen vacuum tube, next a tube
containing earbonic¢ aecid vacuum, then one containing
nitrogen, then one containing chlorine, then one con-
taining 1odine. 1 have only to connect these with the
induction coil, and the discharge will pass through the
whole of these tubes; and at once you see the variety
of bright colours obtained, entirely due to the small

Fig. 28,

traces of the various gases which are here present in
the tubes. [f we examine the character of these
lights by means of the spectroscope, we shall obtain
the peculiar and characteristic spectra of each of these
aASes,

[ have here some large tubes, in which are seen the
same effects of the ignition of the small quantities of
these various gases by means of the electric spark (Figs.
29, 30), and you observe the beautiful striated appear-
ance which the light exhibits.

[ regret that it is impossible to exhibit the spectra of
these luminous gases on the screen, {'H‘»"ln;;_‘ to the r*][gfll-
intensity of the light which they emit. I must ask you
to be content with my references to 1“;!;__{1‘:11]].*-'. Lo :-x]-]:nin
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to you the exact character of the light which these gases
oive off.

* Thus, when we examine the peculiar red colour which
hydrogen exhibits, we find that the spectrum consists of
three distinet bright lines ; one bright red line so intense
as almost to overpower the others, one bright greenish-
blue line, and one dark blue or indigo line. These are
exhibited to you in the diagram. (See fig. of hydro-
gen spectrum, No. 8 on the chromolith. plate facing
Lecture Y1.) The

seen when an electric spark is passed through moist air :

right red hydrogen line is always

this is due to the decomposition of the agqueous vapour
which the air contains. If the air be carefully dried by

Fic, 249,

passing it over hygroscopic substances, the red line dis-
appears. Here the spectroscope can be made a means
of testing the presence of moisture.

A very remarkable fact, and one to which I shall have
frequently to refer in the subsequent lectures, is that
these three lines of hydrogen are found to be coincident
with three well-known dark lines in the sun, of which I
spoke to you in the first lecture. This red hydrogen line
possesses exactly the same degree of refrangibility as the
dark line ¢ in the solar spectrum ; the H't'f.'i‘ll hydrogen
line corresponds to the well-known solar line ¥; whilst
the blue hydrogen line i1s identical in position with the
dark line ¢ in the sun’s spectrum. We shall see in a
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subsequent lecture how such coincidences pomnt out to us
the existence of hydrogen and other
elements in the solar atmosphere.

The nitrogen spectrum is more
complicated than that of hydrogen,
but perfectly definite and characteris-
tic. (See No. 9 on the chromolith.
plate in Lecture VI.)

Some very singular observations
have been made by Pliicker and
Hittorf' upon certain changes which
the speetra of gases enclosed in these
tubes undergo. They find that the
spectrum of highly rarified nitrogen
undergoes a change when the intensity
of the electric discharge varies; and
they explain this by supposing that
the nitrogen exists in various allotro-
pie conditions, resembling for instance
oxXygen and ozone, their 1dea 'Iu.-ing
that the changes in the intensity
of the electrie discharge may cause
changes in the allotropic conditions
of the nitrogen, and that these give
rise to a variation in the appearance
of the spectrum. These variations,
however, it is important to observe,
are not noticed in nitrogen gas when

under the pressure of the atmosphere,

Fia, 30,

however much we may increase the
intensity of the spark. Pliicker has even found that under
certain conditions of increased electrical tension hydrogen

I Pliicker and Hittorf (Phil. Trans. 1865, p. 1).
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- gas may he made to emit light of every degree of refran-
gibility, so that its spectrum becomes continuous. Pro-
fessor Frankland has also observed a similar phenomenon,
that when oxygen and hydrogen gases are inflamed under
pressure, they emit white light and show an unbroken
spectrum.!  From these facts there is no doubt that,
when intensely heated and under certain circumstances,
gaseous bodies can be made to yield continuous spectra.
This, however, in no way interferes with the fixity of
position of the bright lines, nor can it influence the
deductions derived from this fact.

In the same way each of the non-metallic elements
yields a characteristic spectrum,” when its vapour is heated
to incandescence ; but in the case of some of the elements,
such as silicon, the difficulty of obtaining the spectrum is
very great.

The examination of the spectrum of carbon is a subject
of much interest. The character of the lines which this
blue flame of coal gas and air emits was first described in
the year 1857 by Professor Swan. Since that time the
various spectra of the carbon compounds have been care-
fully examined by Dr. Attfield, Dr. W. M. Watts, and
others, and it has been found that the different compounds
of this element, when brought into the condition of
luminous gases, either by combustion or when heated up
by the electric spark, give somewhat different spectra.’
Thus this beautiful purple flame of cyanogen gas exhibits
a great number of very peculiar lines, which differ in
position and in intensity from the lines observed in this
flame of the coal gas burning mixed with air. (See fig.

1 See Appendix . ° See Appendix E.
 See Appendix C. on the Spectrum of the Bessemer Flame,
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of carbon spectra, Nos. 10, 11, on the chromolith. plate
facing Lecture VI.)

I may mention, in connexion with these different earbon
spectra, the application of spectrum analysis to the
important branch of steel manufacture which has been
introduced and is well known under the name of the

Fic. 81.

Bessemer process. In this process five tons of cast iron
are in twenty minutes converted into cast steel. Steel dif-
fers from cast iron in containing less carbon, and by the
Bessemer process the carbon is actually burnt out of the
molten white-hot cast iron by a blast of atmospheric air.



LECT. L] SPECTRUM OF THE BESSEMER FLAME. 109

The arrangement employed for this purpose is shown on
this diagram (Fig. 31).

The molten cast iron is run into a large wrought-iron
vessel termed the converter (¢), lined with refractory
clay. The converter is capable of being turned round
on a pivot (a), through which pivot passes a tube in
connexion with a powerful blowing apparatus, by means
of which air can be thrown into the bottom of the vessel,
through a sort of tuyetre or blowhole into the molten
iron. The oxygen of the air burns out the carbon and
silicon which the cast iron contains, and the heated
oases issue in the form of a flame () from the mouth of
the converter during the time that the molten iron is
being burned. This flame varies in appearance, and it
is of the utmost importance that the operation should
be stopped instantly when the proper moment has arrived.
If the blast be continued for ten seconds after the proper
point has been attained, or if it be diseontinued ten seconds
before that point is reached, the charge becomes either so
viseld that it cannot be poured from the converter into
the ladle (r), from which it has to be transferred to the
moulds, or it contains so much carbon as to crumble up
like cast iron under the hammer.

Those who are accustomed to work this process are
able by the simple inspection of the flame to tell with
more or less exactitude when the air has to be turned off.
To those who are uninitiated in this peculiar appearance
of the flame no difference at all can be detected at
the point in which it is necessary to stop; but by the
help of the spectroscope this point can at once be ascer-
tained beyond shadow of doubt, and that which previously
depended upon the quickness of vision of a skilled eye
has become a simple matter of exact scientific observation.






LECTURE III.—APPENDIX A,

SPECTRUM REACTIONS OF THE RUBIDIUM AND CA&ESIUM
COMFPOUNDS.?

Cestom and rubidium are not precipitated either by sulphuretted
hydrogen or by carbonate of ammoninm. Hence both metals
must be placed in the group containing magnesium, lithium,
potassinm, and sodium, They are distinguished from magnesium,
lithium, and sodium by their reaction with bichloride of platinum,
which precipitates them like potassium. Neither rubidinum nor
ceesium can be distinguished from potassium by any of the usual
reagents. All three substances are precipitated by tartaric acid
as white crystalline powders ; by hydrofluesilicic acid as trans-
parent opalescent jellies; and by perchloric aecid as granular
crystals : all three, when not combined with a fixed acid, are
easily volatilized on the platinum wire, and they all three tinge
the flame violet. The violet colour appears indeed of a bluer
tint in the case of potassium, whilst the flame of rubidium is of
a redder shade, and that of cesiun still more red. These slight
differences can, however, only be perceived when the three
_ flames are ranged side by side, and when the salts undergoing
volatilization are perfectly pure. In their reactions, then, with
the common chemical tests, these new elements cannot be dis-
tinguished from potassium. The only method by means of
which they can be recognised when they occur together is that
of spectrum analysis.

The spectra of rubidium and essium are highly characteristie,
and are remarkable for their great beauty (Frontispiece, Nos.
5 and 4). In examining and measuring these spectra we have

! Extract from Professors Kirehhoff and Bunsen's second Memoir on Chemieal
Analysis hy Spectrum Observations (Phil. Mag. vol. xxii. 1861).
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scale, as judzed of by the eye. The lithographer then made the
designs represented in the Frontispiece from these curves.

As in our first memoir, so here we have represented only those
lines which, in respeect to position, definition, and intensity,
serve as the best means of recognition. We feel it necessary to
repeat this statement, because it has not unfrequently happened
that the presence of lines which are not represented in our
drawings has been considered as indicative of the existence of
new bodies.

We have likewise added a representation of the potassium
spectrum to those of the new metals for the sake of comparison,
so that the close analogy which the spectra of the new alkaline
metals bear to the potassium speetrum may be at once seen,
All three possess spectra which are continuous in the centre, and
decreasing at each end in luminosity. In the case of potassium
this continuous portion is most intense, in that of rubidium less
intense, and in the ceesinm spectrum the luminosity is least. In
all three we observe the most intense and charaeteristic lines
towards both the red and blue ends of the spectrum.

Amongst the rubidium lines, those splendid ones named Rb a
and Rb 8 are extremely brilliant, and hence are most suited for
the recognition of the metal. Less brilliant, but still very cha-
racteristic, are the lines Rb 8 and Rby. From their position they
are in a high degree remarkable, as they both fall beyond
Fraunhofer’s line A ; and the outer one of them lies in an ultra-
red portion of the solar spectrum, which can only be rendered
visible by some special arrangement. The other lines, which are
found on the continuous part of the spectrum, cannot so well
be used as a means of detection, becanse they only appear when
the substance is very pure, and when the luminosity is very
great. Nitrate of rubidium, and the chloride, chlorate, and per-
chlorate of rubidium, on account of their easy volatility, show
these lines most distinetly. Sulphate of rubidium and similar
salts also give very beautiful spectra. Even silicate and phos-
phate of rubidium yield spectra in which all the details are
plainly seen,

The spectrum of cesium is especially characterised by the twao

1
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of lithium; whilst 0:001 milligramme of chloride of rubidium
could not be recognised when the quantity of chloride of lithium
added exceeded 600 times the weight of the rubidium salt.

APPENDIX B.

CONTRIBUTIONS TOWARDS THE HISTORY OF SPECTRUM
ANALYSIS. BY G. KIRCHHOFF.a

In my “ Researches on the Solar Speetrum and the Speectra of
the Chemical Elements "2 I made a few short historical remarks
concerning earlier investigations upon the same subject. In
these remarks I have passed over certain publications in silence
—in some cases because I was unacquainted with them, in
others because they appeared to me to possess no special
interest in relation to the history of the discoveries in question.,
Having become aware of the existence of the former class, and
seeing that more weight has heen considered to attach to the
latter class of publications by others than by myself, I will now
endeavour to complete the historical survey.

1. Amongst those who have devoted themselves to the ob-
servation of the spectra of coloured flames, I must, in the first
place, mention Herschel and Talbot. Their names need special
notice, as they pointed out with distinctness the service which
this mode of observation is capable of rendering to the chemist.
For a knowledge of their researches I am mainly indebted to
Professor W, Allen Miller, who gave an extract from them in a
lecture republished in the number of the Chemical News for
19th April, 1862, It is there stated that in the volume of the
Transactions of the Royal Society of Edinburgh for 1822, at
page 455, Herschel shortly describes the spectra of chloride of
strontium, chloride of potassium, chloride of copper, nitrate of

1 Communicated to the Phil. Mag. Fourth Series, vol. xxv. p. 250, by Professor

Roscoe.
2 Published by Macmillan and Co. Cambridge and London, 1862,

2
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the prismatic spectrum of a flame may show it to contain
substances which it would otherwise require a laborious chemical
analysis to detect.” In a subsequent communication,! the same
physicist, after a striking deseription of the spectra of lithium
and strontium, continues: “Hence I hesitate not to say that
optical analysis can distinguish the minutest portions of these
two substances from each other with as much certainty as, if
not more than, any other known method.”

In these expressions the idea of “chemical analysis by
spectrum observations” is most clearly put forward. Other
statements, however, of the same observers, occurring in the
same memoirs from which the foregoing quotations are taken
(but not mentioned by Professor Miller in his abstract), flatly
contradict the above conclusions, and place the foundations of
this mode of analysis on most uncertain ground.

Herschel, in page 438 of his article on Light, almost imme-
diately before the words quoted above, says: “In certain cases
when the combustion is violent, as in the case of an oil-lamp
urged by a blowpipe (according to Fraunhofer), or in the upper
part of the flame of a spirit-lamp, or when sulphur is thrown
into a white-hot crucible, a very large quantity of a definite and
purely homogeneous yellow light is produced ; and in the latter
case forms nearly the whole of the light. Dr. Brewster has also
found the same yellow light to be produced when spirit of wine,
diluted with water, and heated, is set on fire.”

Talbot states:* “Hence the yellow rays may indicate the
presence of soda, but they nevertheless frequently appear where
no soda can be supposed to be present.” He then mentions that
the yellow light of burning sulphur, discovered by Herschel, is
identical with the light of the flame of a spirit-lamp with a
salted wick, and states that he was inclined to believe that the
yellow light which occurred when salt was strewed upon a
platinum foil placed in a flame “was owing to the water of
erystallization rather than to the soda: but then,” he continues,
“it is not easy to explain why the salts of potash, &e. should

! Phil. Mag. 1834, vol, iv. p. 114; Chemical News, April 27, 1861.
* Brewster's Journal, vol. v. 1826,
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culty, with the most different chemical elements. If we accept
such an explanation concerning this yellow line, we must form
a similar opinion respecting the other lines seen in the spectrum,
which were far more imperfectly examined; and in this we
should be strengthened by the statement of Talbot, that a piece
of chloride of calecium by its mere presence in the wick of a flame,
and without suffering any diminution, caunses a red and a green
line to appear in the spectrum. A

The experiments of Wheatstone,! Masson, Angstrém, Van
der Willigen, and Pliicker upon the spectra of the electric spark
or electric light (to which I have already referred in my “ Re-
searches on the Solar Spectrum and Spectra of the Chemical
Elements,” Macmillan, London, 1862, p. 8), as well as those of
Despretz,? from which this physicist concluded that the posi-
tions of the bright lines in the spectrum of the light from a
galvanic battery were unaltered by variation of the intensity of
the current, might serve to support the view that the bright
lines in the spectrum of an incandescent gas are solely depend-
ent upon the several chemical constituents of the gas; but they
could not be considered as progf of such an opinion, as the con-
ditions under which they were made were, for this purpose, too
complicated, and the phenomena occurring in an electric spark
too ill understood, The demonstrative power of the above ex-
periments as regards the question at issue is rendered less cogent
by the difference visible in the colour of the electric light in dif-
ferent parts of a Geissler’s tube ; by the eireumstance noticed by
Van der Willigen, who obtained different spectra by passing an
electric spark from the same electrodes through gas of constant
chemical composition, if the density of the gas was varied within
sufficient limits; and lastly by an observation which Angstrém
cursorily mentions. This physicist says:¥ “Wheatstone has
already noficed that when the poles consist of two different

! Wheatstone not merely experimented with the spark from an electrical
machine, but likewise with the voltaic induction-spark. (Report of the British
Association, 1835 ; Chemical News, March 23, and March 80, 1861.)

* Comnptes Rendus, vol, xxxi. p. 419 (1850).

3 Pogg. Ann. vol, xciv, p- 150 (translated in Phil. Mag. for May 1855).
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of the scientific periodicals” In reply to this “assurance”
of Mr. Crookes I only have to remark that, by way of experi-
ment, I have laid Professor Miller's diagrams before several
persons conversant with the special spectra, requesting them
to point out the drawing intended to represent the spectrum
of stromtium, barium, and caleium respectively, and that in no
instance have the right ones been selected.

Swan was the first who endeavoured experimentally to prove
whether the almost invariably oceurring yellow line may be
solely caused by the presence of sodium compounds. In his
classical research “On the Spectra of the Flames of the Hydro-
carbons”! (referred to both in my ¢ Researches” and in the
paper published by Bunsen and myself) Swan shows how small
the quantity of sodium is which produces this line distinetly ;
he finds that this quantity is minute beyond conception, and
he concludes: “When indeed we consider the almost universal
diffnsion of the salts of sodium, and the remarkable energy with
which they produce yellow light, it seems highly probable that
the yellow line R, which appears in the spectra of almost all
flames, is in every case due to the presence of minute quantities
of sodinm.”

The striet subject-matter of Swan's investigation was the
comparison of the spectra of flames of various hydrocarbons.
“The result of his comparison has been, that in all the spectra
produced by substance, either of the form C,H,, or of the
form C,H,0y, the bright lines have been indentical. In some
cases, indeed, certain of the very faint lines which oceur in
the spectrum of the Bunsen lamp were not seen. The bright-
ness of the lines varies with the proportion of earbon to hydro-
gen in the substance which is burned, being greatest where
there is most carbon. . .. .. The absolute identity which is thus
shown to exist between the spectra of dissimilar carbo-hydrogen
compounds is not a little remarkable. It proves, 1st, that the
position of the lines in the spectrum does not vary with the
proportion of carbon and hydrogen in the bwrning body—as
when we compare the spectra of light carburetted hydrogen, CH.,,

! Trans. Roy. See. of Edinburgh, vol, xxi. p. 414,






APPENDIX C.

ON THE SPECTRUM OF THE BESSEMER FLAME.
BY W. M. WATTS, D.Sc.1

The October number of the “Philosophical Magazine” con-
tains translations of two papers by Professor Lielegg, giving the
results of his observations on the spectrum of the Bessemer
flame. As these results are published as entirely new, and no
mention is made of any prior observations, it is only right that
attention should be called to the fact that as long ago as 1862
the same results had been obtained by Professor Roscoe, and
were published in the form of a short preliminary notice in the
“Proceedings” of the Manchester Literary and Philosophical
Society for February 24th, 1863, As the note is extremely short,
I venture to transeribe it in full :—

“ Professor Roscoe stated that he had been for some little
time, and is still, engaged in an interesting examination of the
spectrum produced by the flame evolved in the manufacture of
cast steel by the Bessemer process, on the works of Messrs.
John Brown and Co. of Sheffield. The speetrum of this highly
luminous and peculiar flame exhibits during a certain phase of
its existence a complicated but most characteristic series of
bright lines and dark absorption bands. Amongst the former the
sodium, lithium, and potassium lines are most conspicuous ; but
these are accompanied by a number of other, and as yet undeter-
mined, bright lines ; whilst among the absorption bands those
formed by sodium vapour and carbonic oxide can be readily
distinguished. Professor Roscoe expressed his belief that this
first practical application of the spectrum analysis will prove of

1 Phil. Mag. (4) xxxiv. 437.
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sodium line appears flashing through the speetrum, and then be-
coming continually visible ; and gradually an immense number
of lines become visible, some as fine bright lines, others as
intensely dark bands; and these increase in intensity until the
conclusion of the operation. The cessation of the removal of
caron from the iron is strikingly evidenced by the disappear-
ance of nearly all the dark lines and most of the bright ones.

The spectrum is remarkable from the total absence of lines in
the more refrangible portion; it extends scarcely beyond the
solar line &.

No. 2, Fig. 33, represents the gencral appearance of the Bes-

semer spectrum towards the close of the “blow,” drawn according

to the plan proposed by Bumnsen (see pages 59, 88). It must
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be remarked, however, that at the period of greatest intensity
almost every bright band is seen to be composed of a great
number of very fine lines,

The occurrence of absorption lines in the Bessemer spectrum
is in itself extremely probable ; and that this is the case appears
almost proved by the great intensity of some of the dark lines
of the spectrum. If was with this view that the investigation
was commenced, with the expectation that the spectrum would
prove to be a compound one, in which the lines of iron, carbon,
or carbonic oxide, &e. would be found, some as bright lines,
others reversed as dark absorption bands. To a certain extent
this anticipation has been verified ; but the great mass of the
lines, including the brightest in the whole spectrum, have not as
yet been identified.
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reminds one at first of the ordinary carbon spectrum, but differs
from it very remarkably.

In the carbon spectrum, which is drawn in No. 1, each group
of lines has its strongest member on the left (i.e. less refran-
gible), and fades gradually away towards the right hand : in the
spectrum of the spiegel flame the reverse is the case ; each group
has its brightest line most refrangible, and fades away into dark-
ness on the least refracted side. A comparison of the drawing
of the spectrum of the spiegel flame (No. 3) with that of the Bes-
semer flame (No. 2) will show that they really contain the same
lines ; but the general appearance of the spectrum is completely
changed by alteration of the relative brightness of the lines.
This was shown by direct comparison of the actual spectra.

There can be no doubt that the principal lines of the Bes-
semer spectrum are due to carbon in some form or other. My
own belief is that they are due to incandescent carbon vapour,
The experiments in which I am at present engaged have already
shown the existence of fwo totally different spectra, each capable
of considerable modification (consisting in the addition of new
lines), corresponding to alterations in the temperature or mode
of producing the spectrum, and each due to incandescent carbon.
It is possible that the Bessemer spectrum may prove to be a
third spectrum of carbon, produced under different circumstances
from those under which the ordinary carbon spectrum is ob-
tained; and the intensity of the dark bands is more probably
due to contrast with the extreme brilliancy of the bright lines
than to their actual formation by absorption.
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arsenic and phosphorus in oxygen. In these combustions Dr,
Frankland believes it to be impossible that the continuous spec-
trum is due to glowing solid matter, as the temperature at which
these products of combustion arve velatilized is much below the
point at which bodies become luminous, and he expresses the
opinion (* Lectures on Coal Gas,” see Jowrnal of Gas Lighting,
March 1867) that the luminosity of a candle or coal-gas flame
is not due to the incandescence of the particles of solid carbon
separated out and heated in the flame, according to the gene-
rally received explanation of Davy, but that it is produced by
the ignition of highly condensed gaseous hydrocarbons; and
he considers himself supported in this view by the fact that
the luminosity of a candle flame diminishes proportionally to
the - diminution of the atmospheriec pressure under which it
burns.!

However extensively future research may modify the propo-
sition that gases give discontinuous spectra, it is well to
remember that the theory of evchanges, upon which the scienca
of Spectrum Analysis is based, does not give us any information
as to whether a gas yields a continnous or a broken spectrum,
This theory states that a gas—or any other body—which when
incandescent is perfectly transparent to a certain class of rays,
cannot emit these rays; but that it saust emit any rays to which
it is not perfectly transparent.

If a glowing gas under great pressure absorbs some of each
kind of the rays which fall upon it, it smust emit a continuous
spectrum.  Even under diminished pressure many gases exhibit
traces of a continuous spectrum : this is seen clearly in a flame
coloured by sodium or potassinm salt. Kirchhoff has shown that
when the temperature or density of a glowing gas is inereased
and the luminosity of the spectrum becomes more intense, the
dark portions of the spectruni must increase in luminosity more
rapidly than the bright portions, Hence it does not appear
surprising that by increase of temperature and pressure the
spectrum originally consisting of bright lines or bands upon a
searcely visible coutinuous background should gradually change

! Frankland, Phil. Trans. vol. cli. p. 629, for 1861.

I
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observed the spectrum of lightning; and, in addition to the
nitrogen and hydrogen spectra, have seen the bright yellow
sodium line.

Huggins has employed the air lines (seen on Plates 1. and II.
and in the Tables at end of Lecture IV.)) as a scale of reference
for recognising the bright lines of the metals.

Hydrogen—The spectrum of hydrogen seen under the ordinary
pressure consists of three bright fine lines (see Chromolith. No. 8,

facing Lecture VI.).

H a coincident with Fraunhofer’s € in the red.
- Hp3 - 5 F ,, Dbluish green.
H+ 5 o G ,, violet

These lines are also seen when the gas is rarvefied ; but if the
reduction of pressure be continued, the red line Ha gradually
disappears, whilst H, though fainter, remains well defined.
Pliicker finds that when the intensity of the spark is increased
the bands HB and Hy begin to broaden, and when the tension
of the gas is increased to 360 mm., and a Leyden jar introduced
into the circuit to raise the temperature of the discharge, the
bright lines are found to give way to a continuous spectrum.
This change from lines to a continuons spectrum is not observed
under the ordinary atmospherie pressure. Wiillner has recently
shown! that by intensifying the discharge through a Geissler's
tube containing hydrogen the tube and the abraded particles of
the glass become highly heated, so that first the sodium line and
afterwards the calcium lines make their appearance, whilst at
last the spectrum becomes continuous, and the sodium line is
reversed, giving a dark absorption line.

Nitrogen—In the spectrum of the electrie spark when taken
in a current of pure nitrogen, under the ordinary pressure, a
few of the lines of common air are wanting, but no new lines
appear. The lines of the air spectruma which remain in nitrogen
preserve their relative brightness and their distinctive character,
In the Tables these lines are distinguished by the letter N
(pp- 164—171). Pliicker and Hittorf have observed some
remarkable changes which the nitrogen spectrmin undergoes

1 Pogg. Ann, exxxv. p. 174
K 2
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Sulphuwr—When sulphur burns in the air, or when carbon
disulphide burns in nitric oxide, a continuous spectrum is
observed. If a little sulphur be introduced into a narrow
(Geissler’s tube, and the air withdrawn, a band spectrum of the
first order is seen upon warming the tube and passing the spark
through. On continning to heat the tube these bands change
to bright lines. A figure of these two spectra is given in
Pliicker and Hittorf’s memoir.

Selenduwm likewise yields a characteristic spectrum.

Phosphorus yields a spectrum of the second order when
treated like sulphur. The characteristic lines are three bright
bands in the green, having the positions 58, 70, and 74 to 75 on
the scale of the spectroscope, when Na = 50. The green line P3
appears with one prism to be coincident with the green barium
line Bad. The green bands may be seen by observing the
spectrum of the green spot which makes its appearance in
the interior of a hydrogen flame when the slightest trace
of a phosphorus compound is placed in contact with the dis-
solving zine (Cristofle and Beilstein, Annales de Chimie et de
Physique, 4 Sér. iii. 280).

Chiorine, Bromine, and Jlodine, when enclozed in Geissler’s
tubes, each gives a peculiar spectrum of bright lines, which
expand, and ultimately form continuous spectra, when the
temperature is inereased. Figures of these spectra are given in
the memoir above referred to.






LECT. 1V.] LIGHT OF THE ELECTRIC DISCHARGE, 135

used in place of platinum. Platinum, as you are aware,
is a very valuable substance, and very liable to deteriora-
tion ; and the soft carbon used in the ordinary Bunsen
battery absorbs so much nitric acid as to act i a very
awkward manner in using the battery. By means of this
battery and induction coil I can obtain an electrie spark ;
and by means of the electric spark [ can get what 1
require, namely, the volatilization of these metals, It is
many years since the application of the electric spark
to this particular branch of analysis was discovered.
The first person who examined the nature of the elee-*
tric spark was Wollaston, whose name I mentioned to
you in my opening lecture as having first pointed out
the existence of these very important dark lines in the
solar spectrum. But it was Faraday who first declared
that the eleetric spark consists solely of the material
particles of the poles, and the medium through which
it passes. It was originally supposed that electricity
had some existence apart from matter ; but Faraday, by
a most elaborate series of experiments, discovered that
when the electric spark passes from one knob of the
electric machine to your hand or knuckle, a quantity
of matter passes too, partly consisting of the brass of
the pole, and partly consisting of the air and moisture
which exist between your knuckle and the brass knob,
He speaks in his experimental researches of the elec-
tric spark as being produced by a current propagated
along, and by, ponderable matter, and heated in the
same manner, and according to the same laws, as a
voltaic current heats and volatilizes a metallic wire. So
that what we see and call the spark is really the ignition
of the matter which exists in this arc ; and when we take
a spark from the electrical machine, the particles of the
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from another by the appearance of its spark ; and we

have here a mode of diseriminating metallic bodies more

readily than that of chemical examination, and which

may hereafter be employed for useful ]HII']:H*I'.*.‘
You have here a copy of the Lli:llut'.lttk (Kie, 34) ]Hl]rw

VIOLET

PURPLE

BLUE

SLUEISH
GCREEN

lished in Wheatstone's paper, ovine the lines which he
saw 1n the metals. ?'“13.|J=I'I:|I|'ri1 research has H]‘qu'“
||Ii|1 []ll' r|'.|_||||ll'|' dlil ”II‘ |i||1.‘= |II'I'II|E.‘II:' T 1-:|1'|] I.Ijl :}Ir.—»r

metals 1s very ].-u'_-_-u-. although on Wheatstone's diaoram
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magnificent green bands, which are characteristic of
copper; but when we examine the copper spark by throw-
ing the image into the eye, we get a much more splendid
effect, and see the way to a far more delicate method of
detecting the presence of copper. In the next place I
will take another carbon pole, and bring a small piece
of zine into it, and we shall see that zine also gives its
peculiar and beautiful lines perfectly characteristic of this
special metal. If we examine this light by means of
an accurate spectroscope, these broad bands are seen to
consist of masses of bright lines, each one as fine as the
most gauzy spider’s web.

If I now take a mixture of zine and copper, such as
brass, we shall not only get the lines of the zine, but we
shall also see the bright copper lines. I have put a small
piece of brass on the pole, and when I make the contact,
I shall volatilize this brass, and the result is a spectrum
showing both the copper lines and the zine lines. You
will notice that what I have said with respect to the
other metals, the alkaline earths, holds good with this,—
that the most volatile of the metals burn out first. Now
we can still see the less volatile copper, but the zine lines
have died away. In the same way I may show you that
cadmium gives us a peculiar set of lines. [If we volatilize
some metallic cadmium, we shall have a series of lines
somewhat resembling those of zine, but not identical
with them. There you observe three bands: these are
the cadmium lines, something perfectly characteristic
and distinet.

Fox Talbot observed these metallic lines in June 1834,
by deflagrating thin sheets of metal by galvanism; he
says: “ Gold leaf and copper leaf each afforded a fine
spectrum exhibiting peculiar definite rays. The effect of
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that used by Kirchhoff (see page 56), the end only of
which is shown in the ficure. The light from the spark
falls on to the slit, and is vefracted by passing through
the prisms.

For the purpose of intensifying the spark, the ends of
the secondary coil are placed in contact with the coat-
ings of a large Leyden jar. The electrodes, also of course
connected with the poles of the secondary coil, consist
of the metals under examination, c¢ither in the form of

wire, or of irregular pieces held by forceps on a move-
able stand. ~ Many precautions must be taken, especially
with two sets of electrodes, as it has been found that
currents caused by the rapid passage of air between
the poles are sufficient to carry over to a second set
of electrodes, placed at a distance of a few inches, a
very perceptible guantity of the materials undercoine
volatilization. iy

W{.j. are indebted to the labours of Professors Kirchhoff
and Anostrom and Mr. Huggins for the most accurate
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1. Sodium. 7. Thallium. 13. Antimony. 19. Lead.

2. Potassium. 8. Silver, 14, Gold. 20. Zine.

3. Calcinm, 9, Tellurium. 15. Bismuth. 21. Chromium,
4. Barium. 10. Tin. 16. Mercury. 23, Osminm.
5. Strontiom. 11. Iron. 17. Cobalt. 23. Palladium,
6. Manganese. 12. Cadminm. 18. Arsenie. 24, Platinum.!

A very interesting fact is noticed by both observers,
namely, that several of the bright lines of different
metals seem to coincide. When, however, these cases of
apparent coincidence are narrowly observed, most of the
lines are found to show real though slight differences of
refrangibility.

The following still remain as unresolved coincidences
in Huggins’ map, and future experiments with help of
higher magnifying powers must decide whether these and
similar coincidences are real, or only apparent ; whether
the lines in question really fall upon one another, or
whether they only lie very close together :—

DIVISION DIVISION
Zinc and Arsenic . . . 909 | Tellurium and Nitrogen . 1366
Sodium and Lead . . . 1000 | Osmium and Arsenic . . 1737
Sodium and Barium . . 1005 | Chromium and Nitrogen . 2336

These six are then the only cases of coincidence
observed by Huggins in examining many hundreds of
bright lines of twenty-four elements, and even these
may possibly disappear when investigated by a more
powerful instrument.

Now with regard to the effect of increase of tempe-
rature upon the spectra of the metals several interesting
facts have been observed ; and, in the first place, let me

! The lines of the following rarer metals have recently heen care-
fully drawn by Thalén: glucinum, zirconium, erbium, yttrinm,
thorinum, uranium, titanium, tungsten, molybdenum, and vanadinm,
(Nova Acta Reg. Soc. Se. Upsal, Ser. TIT. vol. vi. 1868.)
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t'r!!l.]l!Hl you that new lines ]I];l:]-.;t' 1]H'il' appearance 11
the hlu'c'il';l of certamin elements when the h-m:u't':Ltlll't' 15
inereased.  When, for IlJI.‘*l'!élIII'I', we heat hithium, either
the metal or its salts, in the electrie are, we obtain a
:-'}_||1"rliliif blue band (see rlf_; 36), in addition to the red
and orange rays, showing that the undulations in this
particular set of vibrations have become more intense.
The same ]r]ll'linlllrllutt 18 observed in the case of the
strontium speetrum, where no less than four new lines

(e, m, &, and A, Fie. 36) make !Eu-il';l]l]w:tl':tu:'t' 011 ilu'l'r;tﬂillg

the temperature of the incandescent vapour of the metal.
The analogy between the production of these more highly
refrangible rays and that of the overtones or harmonies
of a vibrating string will oceur to all.

The second set of facts with regard to the effect of
il]l.'lf'vil."'m{'ll ]]l':l[ has |'|'f'|'l'{*lu'e‘ to ”H' r}lzltlgx'r& which I]H'
.-'|H‘|'[]‘.'1 u['.-u,.”!.uu,-,;f hodies 'm]lll']'f_','n when the h'!l!il:l'-]';llikl'l'-
in‘. i]lﬁ']'l';t‘-il".].. 1]]|- 1']|:L||.'_'E'£' 1S 1']L';H'E}' Ll 11 IIH' Iln]ln‘-.\'i]m\
experiments. Let us first put a piece of fused chloride
of caleium, a common lime salt, into the colourless gas
flame: we observe a peculiar speetrum, which is repre-
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sented roughly on this diagram, in which the red is sup-
posed to be on the right and the blue on the left hand
(Fig. 37, No. 1, and Frontispiece, No. 9). [f, however, we
JIH'L"..' [l.'z-u: dll |-|-'1'I|'i:' 5|J;I]']-§ OvVer somae ]IEL'I'I.'.-% H|. I'||]l'l'ill!‘
of ealeium, and then look at the coloured H]r;n']:, we find
that the spectrum thus obtained 1s not the same as that
observed 1 the flame. Here you notice the difference
between these two spectra: the lower l!l'-'l‘ﬁ'[”_’—'i 2”""‘ you
the spark spectrum and the upper one what we may call

the flame spectrum.  This can be readily explained. Ii

18 a well-known fact that certain chemical compounds,
when they are heated up above a given temperature,
1f|-r-ul|1|u--'|- into their constituent elements: but that,
below that temperature, these compounds are capal

i

of existing in a permanent state. When we once oot

1]1.- H]-:||'L .-':.-:-w|]‘1]|||. we find r||;4:' o ;I][L't'u:ilm In l||-'
i||[|'[;_-»il.".' of ]]]I' :nEI.'II'E{ 1JJI'H H];"r'."- 1]'|I' illl.~i|i1|]| Ilfl 1]||-Hl'
]..‘ .I"ll-' E'||I'\-\.l-|ill_,.l |>|- ’_}I!' ‘.'I|| ]i||:il|||] |||| ic. never

;.'|.'|-I|'-|_ :lll!l-nll'_-!l the blue line CoOmes out, [ 1 naturally

— { :
. w1 1 - . | g = 1 1 |
2ITr1KeS evers OLEerver thal :'ll".'--' !Illllll-c =001 1N iill' |]-|||-.-

i
1
|

spectrum are produced by a compound of calcium (sav
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he drew an aceurate map, not only of these metallic
lines, but of the dark lines in the spectrum of the sun ;
and this is a copy of one of his diagrams, to which I
would now briefly allude. The dark lines here represent
the dark lines in the sun. With these I have at present
nothing to do. We shall devote our next lecture to a
detailed discussion of this most remarkable subject. To-
day I would simply draw your attention to the short
lines at the lower part of the diagram, which indicate to
us the position of the bright metal lines with regard to
the fixed dark solar lines, these latter being taken as a
sort of ineh rule, by which the position of the other lines
are reckoned. These lines which you see joined by a
horizontal line, and marked Fe (for Ferrum), are the iron
lines ; and I beg you to notice the very large number and
the very beautifully fine nature of these iron lines. On
Kirchhoff’s map each line is accompanied by a letter,
which gives the chemical symbol of the element to which
this line belongs; here an aluminium line, here an anti-
mony line, here a calcium line, here again a number of
iron lines connected together ; and so I might go through
all these diagrams, showing the number of lines which
Kirchhoff has mapped : and this for only a small portion
of the spectrum. The one end of this diagram is in the
yellow, and the other end in the green, so that we have
liere, on this map, only a very, very small portion of the
extent of the metal lines which would be visible.

I would next illustrate this fact by showing you
another beautiful drawing of these metal lines, made
by our countryman, Mr. Huggins (see Plates I. and 1I.
at the end of this Lecture). This map, which is copied
from Mr. Huggins’ paper in the Philosophical Transactions
for 1864, will give you an idea of the very great number

].!'

E d
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away into speculations, which, however engrossing they
may prove, are foreign to the spirit of the exact scientific
inquirer.  Such speculations might in this case have
special rveference to the possibility or probability of
arriving by the help of the observations of the bright
lines which bodies give us at some more intimate know-
ledge of the composition of the so-called elements. We
might speculate as to the connexion, for instance, between
the wave-lengths of the various bright lines of the metal
and- the particular atomic weight of the substance; or
we might ask, Can we find out any relation between the
spectra of the members of some well-known chemical
family, as iodine, chlorine, and bromine, or between those
of the alkaline metals, potassium, sodium, ceesium, and
rubidium ? Such questions as these naturally occur to
every one. At present, however, this subject is in such
an undeveloped state, that such speculations are useless,
because they are premature, and the data are insufficient;
but doubtless a time will come when these matters will
be fully explained, and a future Newton will place on
- record a mathematical theory of the bright lines of the
spectrum as a striking monument of the achievements of
exact science.

The next point to which I would direct your atten-
tion is one of a shghtly different kind. We find that
certain substances—not only gases, but liquids, and even
solid bodies—exert at the ordinary temperature of the
air a selective absorption power upon white light when
it passes through them. In the next lecture I shall have
occasion to show you, in various ways, the absorptive
effect which glowing sodium vapour exerts upon the
particular kind of yellow light which sodium itself gives
off ; but I would now consider some cases of selective
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absorption oceurring at the ordinary temperature, and
just indicate to you a most interesting and important
branch of this subject which has been, to a certain
extent, worked out ; but in which a rich harvest of
investigation still remains open. I refer to the absorption

spectra obtained by the examination of various coloured
gases and liquids, especially of blood and other animal
fluids. In the first place, then, it has long been known
that certain bodies have at the ordinary temperature the
power of selecting a kind of light and absorbing it. 1In
IFig. 38 we have a representation of the selective absorp-

tion exhibited by two coloured gases. No. 1 shows the
dark bands seen when white light passes through the
violet vapours of iodine ; whilst No. 2 gives the bands
first observed by Brewster in red nitrous fumes. Some
coloured gases, such as chlorine, do not give any dark
Jl]i.‘it_?]‘]#l"iljll-- bands. Perhaps the most striking instance
of the formation of these .'_llrrml‘l:lit_ﬂl lines in the case of
liquids is the one which I will now show you of this
{'[Jhilll'll':"}ﬁ golution of a salt of the rare ‘ml'l'.'ll :|itl}.']]lil!lll.
Now this didymium salt possesses the power of absorbing
from white ];_‘__';]ll certain definite rays, so that if 1 place




LECT. 1V, | BREWSTER'S ABNORPTION BANDS. 1ol

the solution in the path of our continuous spectrum we
get a broad absorption band by which, as Dr. Gladstone
has shown, the presence of didymium can be recognised,
when present even in very minute quantities. It 1s very
remarkable that, although these didymium absorption
lines are =o ]r]:ll'L:, and serve as such a reliable test of the
presence of this metal, yet the fraction of the total ]i;']li’
which is absorbed is so small that the solution appears
colourless.  From the recent experiments of Bunsen on
this subject it seems that the various didymium com-

pounds do not exhibit exactly the same absorption lines
and 1f heht 1s allowed to fall upon a 4'1‘}':21“], the dark
bands also differ according to the direction in which
the light passes through (see Appendix C.).

|h1 H“!”HHTI-"‘- of many [']T.hﬂl‘ t':nllml'ﬁi metallic F:I[H
possess a similar property of yielding definite absorption
lines, and Dr. Gladstone finds that with very few ex-
ceptions all the compounds of the same hﬂsr:, or acid,
have the same effect on the rays of light: thus the
chromium salts (both OTEENn and ]Jl]r‘lr}r-}l exhibit the same
form of il'iLH-ZII']F'.iH]I sSpectrum { [Iu 39). f||_‘ 10 shows the

i_l:l_]]l]p-; ]p]'lﬂiljr'l'rl ]l_'l.,' !Iull'.'!ﬂ-'p-il]”} ]:||-|']||."|”|:_I';|'|'|;j[|' ?‘(JIHEEHJL
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contained in a wedge-shaped vessel.  The right hand cor-
responds to the red end of the spectrum, and the letters
vefer to the position of Fraunhofer’s lines, The absorptive
action of the solution is most powerful at the upper part

CHLOROPHYLL,

CHLOR/DE OF URANIUM.

| o T F

Fra. 41.

of each drawing, which represents the spectrum seen
where the layer of solution was thickest, and diminishing
towards the lower part of the figure.

There are a variety of other substances which have

DARK BAND IN MACENTA.

e
HiL,

this selective power: thus here is the absorption spectrum
of chlorophyll, the green colouring matter of leaves, and
here that of chloride of uranium.

If I take a solution of blood, and place the cell
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containing it before the slit, we get these distinet absorp-
tion dark bands, due to the presence of the blood (Fig.
42). This is the red blood : deoxidized blood gives a
different appearance. Here you see the two bands due
to the red blood, whilst this portion of deoxidized blood
oives only one black band, somewhat similar, but not
identical in position with the dark band in magenta
which T now throw upon the secreen. This subject has

been examined by Professor Stokes, who published a

n D E & ¥ s

paper on the subject in the Proceedings of the Royal
Society in 1864. From this we learn that “ the colouring
matter of blood, like that of indigo, is capable of existing
in two states of oxidation, distinguishable by a difference
of colour and a fundamental difference in the action on
the spectrum.” These two forms may be made to pass
one into the other by suitable oxidizing and reducing
agents, and 1]:1-:,.‘ have been termed red and 1'11”'["
cruorine
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[ would only in conclusion refer you to the mstrument
by which all these beautiful absorption phenomena can
be observed with delicacy and accuracy. It 1s simply
il H]nl‘n'[l'l]ﬁl‘ufﬂ;' EIL'H'H;_ i:] {'u][[]]u-xin[[ 'I.‘;'il]! H I]!il‘]'lilr-él'n}n!
[|"i;'. 4 1": Here we have the instrument.! The t'}.'l-pil-r'u!

contains [I]‘EHH!H: 80 ]J]II[‘l'il as to enable the refracted
ray to pass in a straight line to the eye. Such spectro-
scopes are termed direct-vision instruments. This (Fig.
45) is a diagram showing the structure of the eyepiece
which I hold in my hand. This is the first lens of the
eyepiece : here is the slit, for we must have a line of

licht in order to get a pure spectrum. Then the light
passes through the second lens, the rays are rendered
parallel, and then they pass through this triple prism ;
and inasmuch as the prisms are placed in this position,
we see the spectrum ll}.' looking straight at the source
of light, or have a direct-vision spectroscope. In this
way, then, the absorption bands can be very beautifully
seen ; and, what 1s still more im;hll'hml. we can, hl‘r
means of this little moveable mirror, send throuech the
prism any kind of light, and pass the particular ray which

I W, Hogging, “On the Prismatic Examination of _".Ii--|:.,-_;l;..l.5.-
Ohjects ™ (Trans. Microscopical Society, May 10, 1865)
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LECTURE IV.—APPENDIX A.

ON THE SPECTRA OF SOME OF THE CHEMICAL ELEMENTS.
BY WILLIAM HUGGINS, Esq. F.R.A.5.1

L. T have been engaged for some time, in association with
Professor W. A. Miller, in observing the spectra of the fixed stars.
For the purpose of accurately determining the position of the
stellar lines, and their possible coincidence with some of the bright
lines of the terrestrial elements, I constructed an apparatus in
which the spectrum of a star can be observed directly with any
desired spectrum. To carry out this comparison, we found no maps
of the spectra of the chemical elements that were conveniently
available. The minutely detailed and most accurate maps and
tables of Kirchhoff were confined to a portion of the spectrum,
and to some only of the elementary bodies; and in the maps of
both the first and the second part of his investigations the elements
which are described are not all given with equal completeness
in different parts of the spectrum. But these maps were the less
available for our purpose because, since the bright lines of the
metals are Jaid down relatively to the dark lines of the solar
spectrum, there is some uncertainty in determining their position
at night, and also in circumstances when the solar spectrum
cannot be conveniently compared simultaneously with them.,
Moreover, in consequence of the difference in the dispersive
power of prisms, and the uncertainty of their being placed
exactly at the same angle relatively to the incident rays,
tables of numbers obtained with one instrument are not alone
..'iuf'ﬁcient to determine lines from their position with any other
mstrument.

It appeared to me that a standard scale of comparison such as
was required, and which, unlike the solar spectrum, would le

! Phil. Trans. 1864, p. 130,
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the visible spectrum. All the pencils emerging from the last
prism, therefore, with the exception of those of the extreme re-
frangible portion of the spectrum, are received nearly centrically
on the ohject-glass of the telescope. The total deviation of the
light in passing through the train of prisms is, for the ray b,
about 198°. The interval from A to 1 corresponds to about
21° 14’ of arc upon the brass scale.

3. The measuring part of the apparatus consists of an are of
brass, marked ¢ in the figure, divided to intervals of 15”. The
distance traversed by the telescope in passing from one to the

Fiea. 46,

other of the components of the double sodium line D i
measured by five divisions of 15" each. These are read by a
vernier,

Attached to the telescope is a wire micrometer by Dollond,
This records sixty parts of one revolution of the screw for the
interval of the double sodium line. Twelve of these divisions
of the micrometer, therefore, are equal to one division of the
scale upon the arc of brass. The micrometer has a cross of
strong wires placed at an angle of 45° nearly with the lines of
the spectrum. The point of intersection of these wires may be
brought upon the line to be measured by the micrthmeter screw
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primary circuit, and in the secondary a battery of Leyden jars
is introduced. Nine Leyden jars, the surface of each of which
exposes 140 square inches of metallic coating, were employed.
These are arranged in three batteries of three jars each, and the
batteries are connected in polar series,

. The metals were held in the usual way with forceps. The
nearness of the electrodes to each other, their distance from the
slit, and the breadth of the latter were varied to obtain in each
case the greatest distinetness. The amount of separation of the
electrodes was always such that the metallic lines under
observation extended across the spectrum. The two sets of
discharging points were arranged in the cireuit in series.

6. Some delay was occasioned by the want of accordance of the
earlier measures, though the apparatus had remained in one place
and could have suffered no derangment. Thesedifferences are sup-
posed to arise from the effect of changes of temperature upon the
prisms and other parts of the apparatus. This source of error could
not be met by a correction applied to the zero point of measure-
ment, as the discordances observed corresponded, for the most party
to an irregular shortening and elongation of the whole spectrum.

The principal air lines were measured at one time of observing;
during which there was satisfactory evidence that the values of
the measures had not sensibly altered; and these numbers have
been preserved as the fiducial points of the scale of measures.
The lines of the spectra of the metals have been referred to the
nearest standard air line, so that only this eomparatively small
interval has been liable to be affected by differences of
temperature. Upon these intervals the effect of such changes
of temperature as the apparatus is liable to be subjected to is
not, I believe, of sensible amount with the scale of measurement
adopted. Ordinarily, for the brighter portion of the spectrum,
the width of the slit seldom exceeded iy inch: when this
width had to be increased in consequence of the feebler illumina-
tion towards the ends of the spectrum, the measure of the
nearest air line as seen in the compound spectrum was again
taken, and the places of the lines of the metal under observation
were reckoned relatively to this known line.

M
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tical. The discordances due to small alterations in the instru-
ment itself were never greater than 5 or 6 of the units of measure-
ment in the whole arc of 4,955 units. As the apparatus remained
in one place free from all apparent derangement, these altera-
tions are probably due to changes of temperature. The method
employed to eliminate these discordances has been described.

Throughout the whole of the bright portion of the spectrum
the probable error of the measures of the narrow and well-
defined lines does not, T believe, exceed one unit of the scale.

* * ¥ * # *

NOTES To THE TABLES.

Upon a re-examination of the Tables I found that it frequently
occurred that lines of two or more metals were denoted by the
same number. It appeared probable that these lines having a
common number were not coincident, but only approximated in
position within the limits of one unit of the scale employed ; and
besides, there might be small errors of observation. I therefore
selected about fifty of these groups of lines denoted by common
numbers, and compared the lines of each group, the one with the
other, by a simultaneous observation of the different metals to
which they belong. Some of the lines were found to be too
faint and ill-defined to admit of being more accurately determined
in position relatively to each other.

The following lines appear with my instrument to be coincident:
Zn, As 90D Na, Ba 1005 0, As 1787
Na, Pb 1000 Te, N 1366 Cr, N 2336

Of a much larger number of groups, the lines were, by careful
scrutiny, observed to differ in position by very small quantities,
corresponding for the most part to fractional parts of the unit of

measurement adopted in the Tables, These are

8n 450 Ba 621'6 Te 8567 Bi B3T3 Co 947 Bb 1081 Te 1485  Zn 1707
b 45688 DBi 621 Cd @58 BbHIT Bb 076  Aul0S10 Fe 14852 Pd 1708

Ca 616 Caf22 Fofba2 (4880  An0s] Ch 1258 T 1805 T 1851
Auflé  Fed2s Znoié 5b 8396 Bb 98156  Co 1957 Mn 15055 Bi 15518

Te 546°5 Audédd  Sh 745  As 0088 Ca 1081 Fe 1278 P 1548  Bb 1000
Bb B4 Co 642 Ta 7653 Mnoog PA10816 Ag 19768 Fe 16452 Ph 10003

Fe ¢d15 Ag 10313 N 1m0
Ph1oa1-1
Hn 581 Co 040  Na 8183 Ca 0712 Te 10804 Fe 1498 Ph 15088
Bi 6815 Bn 848 Cn R18 Tl 921 Te 14388 PFe 1593
Co 921
Bh 911

M 2
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the plate, and the other being a tube carrying at one end the
slit, furnished with micrometer serew, through which the beam
of light passed, and at the other end an object-glass for the
purpose of rendering the rays parallel,. The luminous vapours
of the metals under examination were obtained by placing a
bead of the chloride or other salt of the metal on a platinum
wire, between two platinum electrodes, from which the spark of
a powerful induection coil could be passed. In order to obtain
a more intense, and therefore a hotter, spark than can be got
from the coil alone, the coatings of a Leyden jar were placed in
connexion with eleetrodes of the secondary current respectively.
When this arrangement was carefully adjusted, the two yellow
sodium lines were observed to be separated by an apparent
interval of two millimetres, as seen at the least distance of
distinet vision, ;

The position of the blue line, or rather blue band, of lithium
was then determined with reference to the fixed reflecting scale
of Steinheil’s instrument, by volatilizing the carbonate of lithinm
in the first place on a platinum wire between platinum elec-
trodes, and secondly on a copper wire between copper electrodes.
A bead of pure chloride of strontium was then placed on new
platinum and copper wires between two new platinum and
copper electrodes, and the position of the blue line Sr & read off
upon the same fixed scale: a difference of one division on the
scale was seen to exist between the.positions of the two lines,
the lithinm line being the more refrangible, The salts of the
two metals were then placed between the poles at the same time,
and both the blue lines were simultaneously seen, separated by
a space about equal to that separating the two sodium lines,
When experimenting with this complete instrument, we were
unable to observe any other blue lines in the pure lithium spec-
trum than the one above referred to: we have, however, noticed
the formation of four new violet lines in the intense strontium
spectrum, and we now believe that the other two lithium lines
mentioned in our letter to the “ Philosophical Magazine” are caused
by the presence of the most minute trace of strontium floating
in the atmosphere, and derived from a previous experiment,
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ourselves by repeated observations that, in like manner, the
broad bands produced in the flame spectra of strontium and
barium compounds, and especially Sr a, Sr 8, Sr v, Ba a, Ba j,
Ba v, Ba 8, Ba ¢ Ba 5, disappear entirely in the spectra of the
intense spark, and that new bright non-coincident lines appear.
The blue Sr & line does not alter either in intensity or in position
with alterations of temperature thus effected, but, as has already
beeén stated, four new violet lines appear in the spectrum of
strontium at the higher temperature.

If, in the present incomplete condition of this most interesting
branch of inquiry, we may be allowed to express an opinion as
to the possible eause of the phenomenon of the disappearance
of the broad bands and the production of the bright lines, we
would suggest that, at the lower temperature of the flame or
weak spark, the spectrum observed is produced by the glowing
vapour of some compound, probably the oxide, of the difficultly
reducible metal ; whereas at the enormously high temperature
of the intense electric spark these compounds are split up, and
thus the true spectrum of the metal is obtained.

In conelusion, we may add that in none of the spectra of the
more reducible alkaline metals (potassium, sodium, lithium) can
any deviation or disappearance of the maxima of light be noticed
on change of temperature,

APPENDIX C.

ON THE SPECTRA OF ERBIUM AND DIDYMIUM, AND THEIR
COMPOUNDS.

Bunsen' has shown that the rave earth erbia is distinguished
from all other known substances by a peculiar optical reaction
of the greatest interest. This solid substance when strongly
heated in the non-luminous gas flame gives a spectrum
containing bright lines, which are so intense as to serve for

! Ann. Ch. Pharm. exxxvii. p. 1.






APPENDIX D.
DESCRIPTION OF THE SORBY-BROWNING MICRO-SPECTROSCOPE.

The construction of this instrument is represented in Figs. 47
and 48. The prism is contained in a small tube (@), which can
be removed at pleasure, and which is shown in section in
Fig. 48. Below the prism is an achromatic eyepiece having
an adjustable slit between the two lenses ; the upper lens being

Fip. 47.

furnished with a screw motion to focus the slit. A side slit
capable of adjustment admits when required a second beam of
light from any object whose spectrum it is desired to compare
with that of the object placed on the stage of the microscope.
This second beam of light strikes against a very small prism
suitably placed inside the apparatus, and is reflected up through
the compound prism, forming a spectrum in the same field with
that obtained from the object on the stage,

a 18 a brass tube carrying the compound direct-vision prism.

N






APPEND. D. ] MICRO-SPECTROSCOPE. 179

This can be done by the milled head 4. Disappointment will
occur in any attempt at delicate investigation if this direction is
not carefully attended to.

When the spectra of very small objects are to be viewed,
powers of from # inch to J5th or higher may be employed. The

prismatic eyepiece is shown in section in Fig. 43.

Blood, madder, aniline red, permanganate of potash solution,
are convenient substances to begin experiments with, Solutions
that are too strong are apt to give dark clouds instead of delicate

:th:{[J]‘}_]tiun bands,
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bodies. If we were experimenting with sunlight now,
and if I could throw the solar spectrum on to the sereen,
instead of this continuous spectrum of the incandescent
carbon poles we should find that this bright band was
cut up by a series of dark lines or shadows.

These lines I mentioned to you were first discovered
in 1814 by Fraunhofer—at least they were first carefully
observed by him—and have since gone by the name of
Fraunhofer's lines.

Fraunhofer measured the distances (sce Fig. 12, p. 23)
between these fixed lines, and he found that the distance
from D to B, and from E to F, remained perfectly constant
in the sunlight, that they are fixed lines which always
appear in sunlight ; and, moreover, as I think I mentioned
to you on a previous occasion, he examined the light from
the moon and from the planet Venus, and found that the
same lines occur in moonlight and in planet-light, which is
simply reflected sunlight, and he found that the relative
distances between these lines were the same in light from
these three sources, He then examined the light from
some fixed stars, from Sirius and others, and he found
that, although in some of these fixed stars some lines
existed which oceur in sunlight, yet that other lines,
always present in sunlight, are absent from the light of
the stars : thus in Procyon and Capella he saw two solar
lines D, but other well-known solar lines were wanting.

So long ago as 1814, Fraunhofer concluded that these
lines were caused by some absorptive power exerted in
the star or in the sun.

The exact mapping of these lines hecomes a matter of
Very great importance, and, since the time of Fraunhofer,

off and Angstrom. Facsimile drawings
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of these maps are, with the permission of the authors,
given in Plates ITL, IV., and V,

I will now project, by means of the oxyhydrogen light,
a photograph of one of the diagrams of Professor
Kirchhoff upon the screen, and show you the great
number of lines existing in the solar spectrum (see Plate
IIL. facing this Lecture). This is the line b in the
yellow, which was noticed by Fraunhofer, and observed

by him to be double. Thanks to the kindness of
Mr. Browning, I have on the other end of the table a
very beautiful instrument, which is so arranged that it
enables me to show these double » lines. Reverting
again to the map we see a great number of lines varying
in intensity, in depth of shade, as well as in breadth :
here we come to E in the blue. I might in the same
way show you that throughout the whole length of the
spectrum similar groups of dark lines occur. From these

e L e
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u]i;[g]';unﬁ you wi]f,_ ]m‘-.'.'vm-t': form an idea of the enormous
number of these lines which exist in the solar spectrum.

On Plate IV. you see the lines existing at the blue
end of the spectrum, going up as far as ¢ In the blue.
Here you observe these dark litwra, to which Fraunhofer
oave the term ¢ ; and between these we have a very large
number of lines mapped out with a very great degree of
accuracy and care by Professor Kirchhoft by means of his

delicate speetroscope (Fig. 23, p. 56).

In |'1i.u', 19 we have a I'E'li]'i‘ﬁl'tliélijiri] of a still ]::L':_ﬁ\u-:'
spectroscope made by Mr. Browning, for Mr, Gassiot, in
which there are nine prisms, and in which the licht is
actually bent round more than 360° as is seen in Fio.
50, giving a plan of the instrument and showing the path
of the light through the prisms. With this we ean sce
the D lines very beautifully doubled. To both these large
Instruments means of :H"!'I[]':I1I'I}' IlIl'F]Hll]"—IH.;_'_' the ﬁlle[:IIwa'.

between any lines are attached. In Kirchhoff's spectro-
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scope a circular divided seale was used, fixed to the head
of the micrometer screw by which the telescope was moved.
rII‘IH" {"1\.'1‘]:!1'.'1'[’! Wils IP!:U'I.'(I =0 -t]']EIL t]]l:’ Cross ﬂ\'il'{'ﬂ II-I_.'IIiI,‘
angles of 45° with the dark lines : the point of intersection
was then brought by means of the micrometer screw to
coincide with each of these lines, and the divisions read
off. A somewhat similar arrangement is seen in the
instrument shown in Fig. 49.

Professor Kirchhoff did not draw the whole speetrum ;

he only got as far as @. Since his time, some very

beautiful drawings have, however, been made by Angstrom,
whose name I had to mention in the last lecture as
having given us the first notion respecting the true con-
stitution of the electric spark. In Plate V. you have a
copy of .n‘l,,ttli_fﬁti'i'itll.:-% drawings made 1n l_lH'-'-.'llil, Whit_"h
extend from G to ® in the violet. I hope you will
understand that these dark lines, betokening the absence
of certain kinds of rays in the sunlight, not only exist 1n
the visible portions of the spectrum, but also occur in

the ]l[:l[‘!lhi]n-: which contain the invisible ]]"”1”';-5 and
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chemically active rays, 1 cannot show you any of the
lines which are found in the ultra-red portion of the
spectrum, but I can show you those in the ultra-violet.
Thanks to the beautiful researches of Professor Stokes on
fluorescence, these lines have become perfectly well known
(see Fig. 51).

The diagram shows the effect produced on a film of
sensitized collodion which was exposed to the action of
these ultra-violet rays passing through quartz prisms.
The shaded spaces indicate the positions in which the in-
tensity of the rays is small ; they are the Fraunhofer’s
lines in the ultra-violet sunlight. You see that the lines
stretch out a long way beyond the visible portion of the
spectrum, or that to which the eye is ordinarily sensi-
tive, ending somewhere near the line H.

In order to point out to you the accuracy with which
Professor Kirchhoff has drawn these very difficult maps
of the solar lines, I will show you a copy of a very
interesting photograph made by Mr. Rutherford of New
York, who, as many present will be aware, has devoted
himself with great success to astronomical photography.
Mr. Rutherford has photographed those portions of
the solar spectrum which are capable of producing a
photographic image, for you will remember that it is
only the blue and ultra-blue rays which are capable
of thus acting chemically, You see here (Fig. 52) a
copy of one of Mr. Rutherford’s photographs compared
with Kirchhoff’s drawing: at the bottom is Ruther-
ford’s photograph, and above is Kirchhoff’s drawing.
Let us compare the two. In the photograph there is
. this line ¥, for instance, and you will see that for every
line Nature has drawn by means of the light itself
there is a corresponding line in Kirchhoff’s map : this
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will give you an idea of this philosopher’s extreme
accuracy.

When I first saw the photographs which Mr. Ruther-
ford was good enough to send me, I really had some
difficulty in believing that they had been photographed
from the sun itself, so beautifully are they done, and so
marvellously do they correspond with Kirchhoff’s draw-
ing ; but on a careful serutiny you will find some slight
differences between them, especially in the relative inten-

0, H’?;amﬁorfs MAP.

T Wz “ i?i ([ !
L0 000 A ORI R A l\
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sities of the two sets of lines. This is readily understood
if we remember that the map represents the variations of
light and shade as affecting Kirchhoft’s retina, whereas
the photograph gives us the variations of the chemically
active rays, indicated by decomposition of silver salt and
subsequent development of the image.

Having fully mastered the facts concerning the
composition of sunlight, I must now ask you to pass
to the examination of the first of Kirchhoff’s dis-
coveries by which the cause of these singular dark solar
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lines is explained. So long ago as 1814 Iraunhofer
discovered that the dark lines » in the sunlight were
coincident with the bright sodium lines. The fact of
the coincidence of these lines is easily rendered visible if
the solar spectrum is allowed to fall into the upper half
of the field of our telescope, while the sodium spectrum
occupies the lower half. The bright lines produced by
the metal, as fine as the finest spider’s web, are then seen
to be exact prolongations, as it were, of the corresponding
solar lines.

These facts, however, remained altogether barren of
consequences, so far as regards the explanation of the
phenomena, except to the bold minds of Angstrom,
Stokes, and William Thomson ; the last two of whom,
combining the facts with an ill-understood experiment
of Foucault’'s made in 1849, foresaw the conclusion to
which they must lead, and expressed an opinion which
subsequent investigations have fully borne out. Clear
light was, however, thrown upon the subject by
Kirchhoff, in the autumn of 1859.! Wishing to test the
accuracy of this asserted coincidence of the bright
sodinm line and the dark solar lines with his very
delicate instrument, Professor Kirchhoff made the fol-
lowing very remarkable experiment, which is memorable
as giving the key to the solution of the problem
concerning the presence of sodium and other metals in
the sun. “In order,” says Kirchhoff, for I will now give
his own words, “to test in the most direct manner
possible the frequently asserted fact of the coincidence
of the sodium lines with the lines », I obtained a
tolerably bright solar spectrum, and brought a flame

! Berlin Acad. Bericht. 1850, 662 ; Phil. Mag. Fourth Series,
xix. 193, xx. 1.






LECT. V.] SPECTRUM OF BURNING SODIUM, 189

lower ecarbon, which is shaped like a cup, a small quantity
of metallic sodium ; and we shall thus see that the
vapour of the sodium has the power of absorbing the
particular kind of light which it emits, and that in
place of the bright sodium line we shall have a dark
line." There you observe the dark sodium line. As a
further illustration I have here a diagram (Fig. 53) repre-
senting what is seen when we look at the spectrum of
burning sodium with an instrument such as that which
Kirchhoff used. At the bottom (No. 2) we have a draw-
ing of the ordinary sodium spectrum, giving us these

NYl

bright double lines on a dark background, and above (No.
1) we see a drawing of the spectrum of burning sodium,
Instead of two bright yellow lines, we here find we have
two intensely black lines upon a bright continuous spee-

trum, the “p "~ Light having been absorbed by the sodium
vapour. The difference between the intensities of the
lights on each side of these lines and in that particular
part where the lines fall is so great as to give an actual
shadow, which we see as a black line. There is a well-
known i'x]u'ﬁmu*]lt }J“.' which we cast a shadow with a lumi-
nous object, such as a candle flame : so here, although
these black lines are not ".‘l.'hn”‘l.' devoid of “f_"lil, yet the
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light 1s so much less intense than in the surrounding
parts, that they appear black to us.

[ can illustrate this to you in another way. Here
(Fig. 54) we have a large sheet of non-luminous gas flame
(66) burning under a tall chimney (¢), and the flame 1 can
colour by sodium. In front of this I am going to ignite a
flame of hydrogen («), and T will also place in the hydro-

gen flame some sodium compound ; so that we s shall have
two sodium flames burning, one 1n front of the other.
[ want you to notice that the yellow rays passing from
this large flame at the back Itluunh the hydrogen flame
tinged with soda will be absorbed, and that the outer rim
of this hydrogen flame will appear dark ; in fact, it will
look just as if tlw hydrogen flame was smoky,—as though
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we had a smoky candle burning in front of the large Hame.
There 15 no carbon in this ame to produce a smoky appear-
ance. We shall have nothing but pure hydrogen burning,
We will licht our hydrogen here, but we must first make

ouar 1::1'1:'1: soda flame. This we do by fulll']lillﬁ_-j a little
sodium, the fumes of which I waft into the H;[];“-, Now
you see the l.‘]l‘_‘_ﬁl' flame 1s turned \,'L']|1r'.,1.'; and vou will
notice that in front we geta .--t|1:||~c;r }hmu*. [t is 1]uw very
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distinct. If, instead of sodium, I next place some lithium
in the flame, no black rim will appear. We shall get the
red colour of the lithium flame, but it will not give us
any black shadow, because it has no power of absorbing
the yellow light. Hence we conclude that the smoky
appearance was really caused by the absorption of the
yellow “Dp” light by the sodium vapour in a state of
incandescence.

Here is another most ingenious apparatus lately sent
me by my friend Professor Bunsen, for exhibiting a con-
stant black sodium flame absorbing the rays of the same
degree of refrangibility as it emits. The little cap of
yellow flame (d) which floats from the first burner in front
of the larger yellow soda flame (g) absorbs the “ p” rays,
and in consequence we have the peculiar phenomenon of
a constantly burning black sodium flame (Fig. 55).

I can also show you in a third way the fact that
sodium vapour is opaque to the light which it gives off.
I have prepared a tube containing some sodium which
I can convert into vapour. By heating the tube as I
am doing, it will become filled with sodium vapour, and
you will see that it is perfectly colourless and trans-
parent when we look at it with the white sunlight ; but
when we look at it with the yellow sodium light it will
appear to be opaque. We shall then sec that the tube
containing the sodium vapour throws a dark-shadow on
the screen. [The lights were turned down, and the
screen was illuminated with a yellow sodium flame. |
Now the tube looks black; we cannot see through it;
it throws a dark shadow. [Light was again admitted. |
Now, by the daylight, it is colourless, This shows us,
then, very distinetly, that the sodium vapour is opaque
for the rays which itself can emit.
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Thoroughly understanding, then, the nature of the
phenomena with which we have to deal, let us follow
Kirchhoff to the interesting conclusions which he draws
from this experiment. He states that from this fact it
appears likely that glowing gases have the power of
especially absorbing rays of the same degree of refran-
gibility as those they emit; and that therefore the
speetrum of such a glowing gas can be reversed, or the
bright lines turned into dark ones, when light of sufficient
degree of intensity, giving a continuous spectrum, is
passed through it. This idea was further confirmed by
substituting for the sodium flame the flame coloured
by potassinm, when dark lines appeared in the exact
position of the characteristic bright lines of this metal.
Bunsen and Kirchhoff have likewise succeeded 1n
reversing the flames of lithium, ecalcium, strontium,
and barium ; and Dr. Miller has also reversed some of
the lines in the spectrum of copper. 1 can here show
you the reversal of the red lithiumn line on the screen.
For this purpose I bring on to the earbon pole of the
lamp some salt of lithium, together with a piece of
metallic sodium.  The sodium will reduce the lithium
salt to the metallic state, and 1 can then show you
that we have got not only a dark sodium band, but
a dark lithium band in the red part of the spectrum.
Now the treversed lines of hoth these metals are
clearly seen.

Generalizing from these facts, Kirchhoft has arrived, by
the help of theoretical considerations whieh I am unable
now to lay before you, at a law, previously partially
enunciated by Prevost of Geneva and by Prevostaye and
Dessains in France, and extended by Dr. Balfour Stewart
in this country, which expresses the relation between the

i
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having been made at the same temperature. 1t must
not be assumed that because the bright lines of the
incandescent iodine spectrum, for instance, do not cor-
respond to the dark absorption bands of the gas at a
much lower temperature, therefore the law is faulty or
incorrect. We must compare the lines at the same
temperature.

Now we know that the same kind of law holds good
with the other vibrations known to us—the vibrations of
the air which we call sound. We are all acquainted with
what is called resonance. When we sing a particular
note in the neighbourhood of a piano, that same note is
returned to us. The particular vibrating string which
can emit that note has the power also of absorbing
vibrations of that particular kind, when proceeding in a
straight line, and emifting them again in all directions.
We are not, therefore, without analogy, in the case of
sound, for the absorption and emission of the same kind
of undulation by the same substance,

We will now pass to the application of this prineiple of
the reversibility of the spectra of luminous gases to the
foundation of a solar and stellar chemistry. How does
this principle assist us in our knowledge of the consti-
tution of the solar atmosphere ?

In order to map and determine the positions of the
bright lines found in the electric spectra of the various
metals, Kirchhoff, as I have already stated, employed the
dark lines in the solar spectrum as his guides. Judge of
his astonishment, when he observed that dark solar Lines
oceur in positions coincident with those of all the bright
iron lines! Exaetly as the sodium lines were identical
with Fraunhofer’s lines n, so for each of the iron lines,

| of which Kirchhoff and Angstrém have mapped no less

02
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of iron, and have thus suffered the absorption which the
vapour of iron must exert.

“ As this is the only assignahle cause of this coincidence,
the supposition appears to be a necessary one. Fhese
iron vapours might be contained either in the atmosphere
of the sun or in that of the earth. But it is not easy
to understand how our atmosphere can contain such a
gquantity of iron vapour as would produce the very
distinet absorption lines which we see in the solar
spectrum ; and this supposition is rendered still less
probable by the fact that these lines do not appreciably
alter when the sun approaches the horizon. It does not,
on the other hand, seem at all unlikely, owing to the
high temperature which we must suppose the sun’s
atmosphere to possess, that such vapours should be
present in it. Hence the observations of the solar
spectrum appear to me to prove the presence of iron
vapour in the solar atmosphere with as great a degree of
certainty as we can attain in any question of natural
science.” This statement is, I believe, not one jot more
positive than the facts warrant. For to what does any
evidence in natural science amount to, beyond the ex-
pression of a probability ? A mineral sent to me from
New Zealand is examined by our chemical tests, of which
I apply a certain number; and these show me that the
mineral contains iron: and no one doubts that my con-
clusion is correct. Have we, however, in this case, proof
positive that the body really is iron? May it not turn
out to be a substance which in these respects resembles,
but in other respects differs from, the body which we
designate as iron? Surely. All we can say is, that in
each of the many comparisons which we have made the
properties of the two bodies prove identical, and it is
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single lines, The lines produced by chromium, also,
form a very characteristic group, which likewise coincides
with a remarkable group of Fraunhofer’s lines: hence I
believe that T am justified in affirming the presence of
chromium in the solar atmosphere. It appeared of great
interest to determine whether the solar atmosphere
contains nickel and cobalt, elements which invariably
accompany iron in meteoric masses, The spectra of
these metals, like that of iron, are distinguished by the
large number of their lines. But the lines of nickel,
and still more those of cobalt, are much less bright than the
iron lines; and I was therefore unable to observe their
position with the same degree of accuracy with which 1
determined the position of the iron lines. All the
brighter lines of nickel appear to coincide with dark solar
lines ; the same was observed with respect to some of
the cobalt lines, but was not seen to be the case with
other equally bright lines of this metal. From my
own observations I consider that I am entitled to conclude
that nickel is visible in the solar atmosphere. I do not,
however, yet express an opinion as to the presence of
cobalt, Barium, copper, and zine appear to be present
in the solar atmosphere, but only in small quantities ; the
brightest of the lines of these metals correspond to
distinet lines in the solar spectrum, but the weaker lines
are not noticeable. The remaining metals which I have
examined—viz. gold, silver, mercury, aluminium, cad-
mium, tin, lead, antimony, arsenic, strontinm, and lithium
—are according to my observation not visible in the
solar atmosphere.”

The lines of the following metals have {heir dark
representatives in the sunlight .—
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the dark lines in the solar atmosphere which ave coinci-

dent with these green lines. You see these two dark

lines on the upper part in the right hand corner (Plate

IV. in Kirchhoff’s map): these are the bands which

B Fraunhofer called b, and some of them at least are caused

by magnesium.  Hence you see that the b lines are caused

by the presence of iron and magnesium in the solar at-

mosphere. | have written down here a short résumé

of Kirchhoft’s experiments and reasoning on this
subject.

Scdiwin and Tron in the Sun's Atmosphere.

I. The light emitted by luminous sodium vapour is
homogenous.  The sodinm spectrum consists of one
double bright yellow line.

2. This bright double sodium line is exactly coincident
with Fraunhofer’s dark double line .

3. The spectrum of a Drummond’s light is continuous ;
it contains no dark lines or spaces.

4. If between the prism and the Drummond’s light a
soda flame be placed, a dark double line identical with
Fraunhofer’s double line b is produced.

5. If, instead of using Drummond’s light, we pass sun-
light through the sodium flame, we see that the line p
becomes much more distinet than when sunlight alone is
employed.

6. The sodium flame has, therefore, the power of
absorbing the same kind of rays as it emits. It is opaque
for the yellow “Dp” rays.

7. Hence we conclude that luminous sodium vapour
i the sun’s atmosphere causes Fraunhofer’'s dark double
line p; the light given off from the sun’s body giving
a continuous spectrum.
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Extract from the Index Table of Kirchhof"s Maps, showing the coinci-
dences of the davk Solar and bright Metallic Lines.

f

I 11. 111, E L 11, 111,
16215 | 1b 16484 | 4e
1622:3 | Be Fe 16488 | 6F My
1623-4 | b5b Fe 16492 | 4e
1687-2 | Bb| Ca 16503 | 66
16282 | 16 | 16537 | 6b | Fe, Ni
16315 | 16 16540 | 4e
1633:5 | 4g 16556 | 6e | Fe, Mg
16341 | 6g Mg | 16550 | 4d
16347 | 49 1657-1 | b
1638-7 | 1b | 16583 | 2b
16421 | 15 16594 | 1
16430 | 1b Ni 16628 | 5b Fe
16473 Dt

Whether these apparently coincident lines will prove to
be absolutely identical is a matter which we cannot as
yet decide. Kirchhoff thinks it is necessary, for the
purpose of settling this question, to use a much more
delicate apparatus than even that which he employed.
Fraunhofer’s line o corresponds on Kirchhoft’s map to
the lines 1002'8 and 1006°8 ; Fraunhofer’s & to the lines
15237 and 1522'7; and Fraunhofer’s b to the lines
16334, 16483, and 1655°0. Kirchhoff observed the
traces of many lines and nebulous bands, which the
power of even his instrument did not prove adequate to
resolve. He adds: “The resolution of these nebulous
bands appears to me to possess an interest similar to that
of the resolution of the celestial nebulee, and the investi-
gation of the solar spectrum to be of no less importance
than the examination of the heavens themselves.” It is
important to remark that it is by no means the case that
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all the lines have been identified ; the cause of many of
them is known, but a still greater number yet remain for
wdentification. | may again remind you that the well-
known double line p 1s eansed by sodium, and, from the
exact observations of Mr. “liggitt.ﬁ, 1ot u]Jl}' the line
p but several other less distinet lines, seen on the Maps
following Lecture IV., one lying nearly neutral between
the p lines, are produced by sodium in the sun. The line

is an iron line, and the lines ¢, 7, and G are hydrogen

OPROINARY SOLAR SPECTRUM SHOWINE FRAUNMOFERS LINES
I

| 3 (. I

SPECTRUM
SUMNSET SHOWING DARK BANDS OF ATMOSPHERIC ABSORPTION
|

RS
'

F
ELECTRIC SPECTRUM, ;
SHOWING BRIGHT ATMOSPHERIC LINES.[ANGCETROM)

I ] - -

T )L

lines : the line b is a line of magnesium, and the line n
appears from the researches of Angstrom to be at any
cium. Many, however, of the

rate ]::l]'ll}' ]uT'nclllc-ml h}.' ca
lines seen in the solar spectrum are not due to the
presence of metals in the sun, but are caused by the
absorption oceurring  in our own atmosphere. The
existence of dark bands caused by atmospheric absorption
was first ]ulin[mi Ol h}' Brewster 1in 1833, and a map of

these bands was .a;::]u.-ujm-utl_ﬁ.' [lllll!i.‘whl'll by Sir David



BREWSTERS AIR BANDS.

Brewster and Dr. Glad-
stone. Fig. 56 shows

the chief of these lines |

compared with the so-
lar lines and the bright
lines of nitrogen and
OXYygen.

Some very interest-
ing experiments were
made in 1866 by the
French physicist, M.
Janssen : he has ob-
served that if light
from 16 jets of coal
gas be passed through
a long column of steam
37 metres in length,
under a pressure of 7
atmospheres, the steam
exerts a strong absorp-
tive power ; groups of
dark lines appeared in
the spectrum between
theextreme red and the
line p. These lines are
found to coineide with
lines in the solar spee-
tram which beecome in-
tense when the sun is
near the horizon, and
are therefore due to ab-
sorption in the aqueous

vapour of our own

J.JANSSEN.

MaP OF THE SOLAR SPECTRUM FROM CTOD
TAKEN WHEN THE SUN 15 (L) in THE MERIDIAN,(2) NEAR THE WORIZON.
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bodies existed in former times as an extended and con-
tinuous mass of vapour, by the contraction of which sun,
planets, and moons have been formed, all these bodies
must necessarily possess mainly the same constitution.
Geology teaches us that the earth once existed in a state
of fusion ; and we are compelled to admit that the same
state of things has occurred in the other members of our
solar system. The amount of cooling which the various
heavenly bodies have undergone, in accordance with
the laws of radiation of heat, differs greatly, owing
mainly to the difference in their masses. Thus, whilst
the moon has beecome cooler than the earth, the tempera-
ture of the surface of the sun has not yet sunk below a
white heat. Our terrestrial atmosphere, in which now so
few elements are found, must have possessed, when the
earth was in a state of fusion, a much more complicated
composition, as it then contained all those substances
which are volatile at a white heat. The solar atmosphere
at this time possesses a similar constitution.”

[ am almost afraid to allude to the physical pecu-
liarities of the solar surface, but I must mention some
remarkable results of the examination of the solar surface
by Mr. James Nasmyth. He finds that the well-known
mottled appearance of the sun’s surface is due to the pre-
sence of peculiar willow-leaf-shaped masses, which are con-
stantly moving with great velocity over the surface of the
sun. The same phenomenon has also been observed by
Mr. Stone of the Greenwich Observatory, and many other
astronomers. What these are no one I believe can tell.

One most important series of observations we may all
look forward to with the greatest interest; namely, the
observations about to be made in India during the total
solar eclipse in August next. By the kindness of the



208 SPECTRUM ANALYSIS. | LECT. V.

eminent astronomer, Mr. De la Rue, [ have here (Fies, 58
and ,':.'}:], ]r]uﬂngi'.‘i]:ha of the most iJl[n-t'q-:\Iiug ]1||L-[1n|m_~11:1

observed at the last total 1-['H1i.-%r. This 1“:1;;!';1111 18 a Copy
of a photograph taken by him during the eclipse of 1860

In. Spain.,

The first one of these was taken nnmediately after

total H]r:-%.rllt'.'HEl:II, and the second jll:—-! ]"l""'r'i””f-"i to the
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reappearance of the sun. Now the extraordinary pheno-
mena which are here noticed are to be the subject of very
important investigations in August. When an eclipse
is total, some wonderful protuberances or red flames are
found to dart out from the surface of the sun to the
enormons height of some 80,000 or 90,000 miles." The
examination by the spectroscope of the light which these
very singular flames give off is a matter which we all
must look forward to with the greatest interest. Spec-
troscopes have been sent out to various parts of India
under the care of very able observers, with particular
instructions as to the examination of the lines which
these flames give off. Whether these flames are gaseous,
whether they give the spectra of bright lines, and, if so,
with the lines of what substances these are coincident,
are questions to which we may hope soon to have
satisfactory answers.

These flames prove that the sun’s atmosphere extends
to a very great height above the ordinary and visible
portion, and it is very remarkable that certain protu-
berances which were not visible to the naked eye even
during a total eclipse, especially one which is like a cloud
in the drawing, and was not seen by the observers, left its
mark on the sensitive film ; it emitted rays of a high de-
gree of refrangibility, too weak to act upon the retina, but
strong enough to produce the image on the sensitive plate.

In the next lecture I shall hope to bring before you
the most interesting and important researches made

by Professor Miller and Mr. Huggins on the subject of
Stellar Chemistry.

! According to Mr. Pogson's measurements the elevation of the
‘“great horn” was 3’ 23" above the sun's dise : this corresponds to a
height of 90,995 miles (Baxendell).

E
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“The third line (the one near n) is more refrangible than the
two darkest lines by eight or nine degrees of Kirchhoft’s scale.
I cannot speak with exactness, as this part of the spectrum
requires remapping.

“1 have evidence that the prominence was a very fine one,

“ The instrument employed is the solar spectroscope, the funds
for the construction of which were supplied by the Government
Grant Committee. It is to be regretted that its construction has

been so long delayed.
“ I have, &e.
“J. NorMAN LOCKYER.
" The Seeretary of the Royal Society.”

M. Janssen was sent by the French Government to observe
the total eclipse at Guntoor in India, and on August 18th, when
examining the bright lines exhibited by the spectra of the
prominences visible during the totality, the thought struck him
that it might be possible to see these lines when the sun was
unobscured, and on trying the experiment on the next day he
succeeded in his endeavour, “so that,” he writes, “ for the last
seventeen days I have been working as in a perpetual eclipse.”
The results of his observations were communicated (Oct. 26, 1868)
to the French Academny in the following words :—

“ La station de Guntoor a été sans doute la plus favorisée : le
ciel a ¢té beau, surtout pendant la totalité, et mes puissantes
lunettes de pres de trois metres de foyer m'ont permis de
suivre I'étude analytique de tous les phénoménes de I'éelipse.

“Immédiatement apres la totalité, deux magnifiques protu-
bérances ont apparu: l'une d’elles, de plus de trois minutes de
haunteur, brillait d'une splendeur qu'il est difficile d'imaginer.
L'analyse de sa lumiére m’a immédiatement montré quelle était
formée par une immense colonne gazeuse incandescente, prinei-
palement composée de gaz hydrogéne,

“L’analyse des régions circumsolaires, ol M. Kirchhoff place
I'atmosphére solaire, n'a pas donné des résultats conformes 4 la
théorie formulde par ce physicien illustre; ces résultats me
paraissent devoir conduire 4 la connaissance de la véritable
constitution du spectre solaire.

P 2
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Committee early in 1867), in order that the coineidence in time
between his results and those obtained by the Indian observers
might not be misinterpreted.

“ Details are_given of the observations made by the new
instrument, which was received incomplete on the 16th of
October. These observations include the discovery, and exact
determination of the lines, of the prominence spectrum on the
20th of October, and of the fact that the prominences are merely
local aggregations of a gaseous medium which entirely envelopes
the sun. The term chromosphere is suggested for this envelope,
in order to distinguish it from the cool absorbing atmosphere on
the one hand, and from the white light-giving photosphere on the
other. The possibility of variations in the thickness of this
envelope is sugoested, and the phenomena presented by the star
in Corona are referred to.

“ Tt is stated that, under proper instrumental and atmospheric
conditions, the spectrum of the chromosphere is always visible
in every part of the sun’s periphery: its height, and the
dimensions and shapes of several prominences, observed at
different times, are given in the paper. One prominence, three
minutes high, was observed on the 20th October.

“Two of the lines correspond with Fraunhofers ¢ and r;
another lies 8" or 9° (of Kirchhoff’s scale) from » towards E.
There is another bright line, which occasionally makes its
appearance near ¢, but slightly less refrangible than that line.
It is remarked that the line near » has no corresponding line
ordinarily visible in the solar spectrum. The author has been
led by his observations to aseribe great variation of brillianey to
the lines. On the 5th of November a prominence was observed
in which the action was evidently very intense; and on this
oceasion the light and colour of the line at ¥ were most vivid.
This was not observed all along the line visible in the field of
view of the instrument, but only at certain parts of the line,
which appeared to widen out.

“The author points out that the line r invariably expands (that
the band of light gets wider and wider) as the sun is approached,
and that the ¢ line and the D line do not; and he enlarges
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EXTRACTS FROM THE REPORT OF THE COUNCIL OF THE ROYAL
ASTRONOMICAL SOCIETY TO THE 49th ANNUAL
GENERAL MEETING.

Solar Eclipse of 1868, August 18.

“The results obtained by the different observers are of such
interest and importance that the principal observations which
would not otherwise appear in our ‘ Transactions’ are given in
considerable detail in the observers’ own words,

“It is with great satisfaction that the Council call the
attention of the Fellows of the Society to the complete success
of their own expedition ;—a success for which the Fellows
are much indebted to the skill and energy of the Superin-
tendent, Major Tennant.

The Astronomivel Socicty's Evpedition.

“It will be in the recollection of our Fellows that at the
last Anniversary Meeting it was stated that preparations had
been made at the recommendation of the Council of our Society
for the observation of the Total Eclipse of the Sun in India.
The Astronomer Royal took a warm interest in the proposed
observations, and addressed the Secretary of State for India
on the subject. It was ultimately arranged that the expense
of the expedition should be borne jointly by the Government
of India and the Imperial Government. The superintendence
of the expedition was entrusted to Major Tenmant. 1t is with
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The position was found to be, Latitude N. 16 17" 29-23”, and
Longitude E. 5h. 21m. 48:6s.

“ Captain Branfill, RE, subsequently connected the station
with the marks of the Great Trigonometrical Survey, and de-
duced the following vesult: Lat. N, 16° 177 34-3”, and Long. E.
5h. 21m. 46-5s.

«2, Spectroscopic Observations. These were undertaken
by Major Tennant himself, by means of the Sheepshanks
equatorial, of 4'6 inch aperture and 5 feet focal length. This
had been mounted equatorially by the late Mr. Cooke, and was
suitable for all latitudes in the British Isles, but it had to be
altered to suit the more southern stations of India. The spec-
troscope employed with the telescope was made by Messrs.
Troughton and Simms, and was provided with a scale of
equal parts, which was illuminated by means of a lamp. The
addition of this spectroscope threw additional work on the
driving clock beyond that for which it was originally caleulated,
and, in consequence, some difficulties were experienced just at
the critical time of observation from the irregularity of its going.

“In spite, however, of this and other mishaps, Major Tennant
was able to carry out his observations, and ascertained, 1st, that
the corona only gave the continuous solar spectrum; 2d, that
the light of the prominences was resolvable into certain bright
lines of definite refrangibility, showing that these appendages
consist of gaseous matter at a very high temperature. Major
Tennant states that the Great Horn gave a beautiful line in the
red, a line in the orange, and one in the green, which appeared
multiple, also a line seen with difficulty near ¥ ; he says the red
and yellow lines were evidently ¢ and p: the reading of the
bright line coincides with that of the brightest line in 5. The
line near to ¥ was, in all probability, ¥ itself; E, he says, was
certainly not seen by him, and that, as regards the line in the
blue, it was useless from his data to speculate upon it,

“ We now have more precise information from the researches
of M. Janssen and Mr. Lockyer respecting the position of the
bright lines, and the probable nature of the Sun’s appendages;
but it must be admitted that Major Tennant did this part of his
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“Paper copies of these, about two inches in diameter,
accompany the Report; and Mr. James, one of Major Tennant’s
assistants, made excellent drawings of the Great Horn and
other prominences seen in the photograph, by means of the
microscope. Since the arrival of the memoir Sergeant Phillips
has brought safely to England eight sets of transparent copies
on glass, which have been distributed to individuals and learned
bodies; amongst others, to the Royal Society and the French
Academy of Sciences. On the occasion of a lecture given by
Prof. Herschel, at the Royal Institution, on January 22, these
were shown by means of the electric lamp, and projected on a
screen, on a scale of about 5 feet for the Moon's diameter. The
amount of detail visible under these circumstances was very
remarkable. The spiral structure of the Great Horn, to which
Major Tennant has called attention, was very evident. This
spiral formation Major Tennant ascribes to the confliction of an
ascending current and one at right angles to it. Since then
Mr. Warren De la Rue has procured some very beautiful
copies, about 6} inches diameter. He has also discussed,
graphically, the small paper photographs, and communicated
the results to the Society.! The diagram accompanying his
paper shows fairly the form and relative position of these
appendages with respect to the Sun. Mr. Warren De la
Rue thought that he had detected a rotation of the Great Horn
on its axis during the intervals between occurrence of totality
at the various stations along the line of the eclipse. He has
since been favoured by Prof Foerster, Director of the Berlin
Observatory, with a copy of the first Aden photograph, and
informs the Council that there does not appear to be any very

1 Monthly Notices, vol. xxix. p. 73.
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secure identification. It was a long finger-like projection from
the (real) lower left-hand portion of the circumference. A rapid
turn of the declination screw covered it with the needle point,
and in another instant T was at the spectroscope. A single glance,
and the problem was solved.

«« Jts Spectrum.—Three vivid lines, red, orange, blue; no
others, and no trace of a continuous spectrum.

“When I say the problem was solved, T am, of course, using
language suited only to the excitement of the moment! It was
still very far from solved, and I lost no time in applying myself
to measurement. And here I hesitate, for the measurement was
not effected with anything like the ease and certainty which
ought to have been exhibited. Much may be attributed to haste
and unsteadiness of hand, still more the natural difficulty of
measuring intermittent glimpses; but I am bound to confess
that these causes were supplemented by a failure less excusable.
I have no idea how those five minutes passed so quickly !
('louds were evidently passing continually, for the lines were
only visible at intervals—mnot for one half the time certainly—
and not always bright ; but still I ought to have measured them
all. My failure was insufficient illuminating power ; but why, I
cannot tell. I never experienced any difficulty of the kind with
the nebulee, which required that I should flash in light suddenly
over and over again. I had found the hand-lamp the surest
way, but it failed me here in great measure. The red line must
have been less vivid than the orange, for after a short attempt
to measure it I passed on to secure the latter. Im this I sue-
ceeded to my satisfaction, and accordingly tried for the blue
line. Here I was not so successful. The glimpses of light were
rarer and feebler, the line itself growing shorter, and what
remained of it further from the eross. I did, however, place the
cross wires in a position certainly very near the true one, and
got a reading before the re-illumination of the field told me that
the Sun had reappeared on the other limb. These readings
were called out, as those on the solar lines had been, to my
recorder, and it was only afterwards that 1 compared them.

“*I need not dwell on the feelings of distress and disappoint-
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appliance for elamping and slow motion. The telescope was
provided with three eyepieces of magnifying powers 27, 41,
and 98 ; and with it were furnished two analysers for polarized
light, viz. a double-image prism and a Savart’s polariscope.
“¢(On the first opportunity after the commencement of the
total phase of the eclipse I turned on the double-image prism
with the eyepiece of 27 magnifying power, as recommended in
the Instructions, which gave a field of about 45" diameter. A
most decided difference of colour was at once apparent between
the two images of corona; but I could not make certain of any
such difference in the case of a remarkable horn-like protu-
berance, of a bright red colour, situated about 210° from
the vertex, reckoned (as I have done in all cases) with reference
to the actual, not the inverted image, and with direct motion,
I then removed the double-image prism and applied Savart’s
polariscope, which gave bands at right angles to a tangent to
the limb, distinct, but not bright, and with little, if any, appear-
ance of colour. On turning the polariscope in its cell, the bands,
instead of appearing to revolve on their own cenfre, passing
throngh various phases of brightness, arrangement, &e., travelled
bodily along the limb, always at right angles thereto, and without
much change in intensity, or any at all in arrangement. The
point at which they seemed strongest was about 140° from the
vertex, and I recorded them as black centred. Delieving that
with a higher power and a smaller field I should find it easier to
fix my attention on one point of the corona, and observe the
phases of the bands at that point, I changed eyepieces, applying
that of 41 power. With this eyepiece the first clear instant
showed the bands much brighter than before, coloured, and as
tangents to the limb at a point about 200° from the vertex : but
before I could determine anything further a cloud shut out the
view, and a few seconds later a sudden rush of light told that
the totality was over, though it was difficult to believe that five
minutes had flown by since its commencement. I experienced
a strong feeling of disappointment and want of success: the

only points on which I can speak with any confidence being as
follows :—






APPENDIX C.

ON THE NORMAL SOLAR SPECTRUM.

i - s -1
BY A. J. ANGSTRUM.

A most valuable memoir on the normal spectrum of the sun has
quite recently been published by Professor ﬁngstrﬁm, of Upsala,
accompanied by an atlas of six plates exhibiting the lines in
the whole length of the solar spectrum from A to B, The
positions of these lines are mapped according to their wave-
lengths, which have been calculated from observations most
carefully made with diffraction spectra. The bright metallic
lines coincident with those of Fraunhofer are also given. The
following Table gives a résumé of the solar lines shown on his
maps as produced by known elements :

Hydrdgen . . . . . 4 Manganese . . . . . BT
Sodiinny 2wt Emey 8 Chromiom: . . . . 18
BT 0 e Oaily S e e T
IR = S S TD el L e s L B
Magnegiones o S0 | BmB T, L. o RB (D
Alaminium. . . . 2() | Copper . b
Toom s wl L LLesadhl Titepiom . . -, . 1183

The total number of these coincident metallic lines amounts
to close upon 800, and this number might be easily increased by
using more powerful means of raising the temperature of the
substances under examination. “ Nevertheless the number already
mapped suffices to show that to account for the origin of almost
all the more prominent rays in the solar spectrum, and in

I Upeala, 1868,

* The presence of titanium in the solar atmosphere was discovered by Thalén.

Q
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G. Some of the iron lines appear to be coineident with those of
caleium, but such coincidences ave often only apparent. Thus, for
example, there is a strong iron line between E and b (wave-length
—52261), which is drawn as a single line on both Kirchhofi’s
maps and my own. Nevertheless M. Thalén has proved, by
increasing the dispersive power of his instrument by using six
flint-glass prisms, that this ray is in reality a triple one, and that
its constituent lines are produced, one by iron, and the others by
titanium.,

“ Among the metalloids hydrogen is the only one indicated by
spectrum analysis as existing in the sun; the other substances,
such as oxygen, nitrogen, and carbon, which exist in such large
quantities on the earth, ecan never be discovered in the sun by
this process. Still, in spite of the almost complete want of
coincidences between the solar lines and those of oxygen and
nitrogen, we have no right to pronounce definitively upon the
absence of these two bodies in the sun. And for this reason {
the air spectrum cannot' be observed even between the carbon
poles of a battery of fifty cells, and in general is not seen
when the electricity passes by what may be termed the elec-
trolytic discharge. These spectra need for their production the
disruptive discharge, as is seen elearly in the experiments with
Geissler's tubes containing these two gases. In faet, when the
discharge is accompanied by electrolysis, the spectra obtained in
rarefied gases are those of compound bodics; and thus Pliicker is
incorrect in naming these the spectra of the first order: on the
contrary, when the discharge becomes disruptive, as by using the
condenser, the spectra of the elementary bodies at once become
visible. This fact possesses a great degree of importance for the
true interpretation of the spectra of the sun and stars, as it
points out to us as very probable that the high temperature of
the sun is insufficient to produce the brilliant rays of oxygen
and nitrogen. . . . . .

“In a memoir on the double spectra of the elementary bodies,
which M, Thalén and I are about to publish, we treat of the
important points of this interesting subject. Let it suffice for

! Ten-millionths of a millimetre,
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LECTURE VI

Stellar Chemistry.—Huggins and Miller.—Spectra of the Fixed Stars.
—Difficulties of Observation.—Methods employed.—Variable
Stars.—Double Stars.—Temporary Bright Stars.—Nebule.—
Comets.—Conclusion.

Appendix A.—Extract from a Memoir * On the Specira of some of the
Fixed Stars.”

Appendix B.—* On the Spectrum of Mars, with some Remarks on the
Colour of that Planet.”

Appendix C.—* On the Spectra of Variable Stars.”

Appendix D.—¢ Further Observations on the Spectra of some of the
Stars and Nebule, with an Attempt to determine therefrom
whether these Bodies are moving towards or from the Earth ; also
Observations on the Spectra of the Sun and of Comet 11. 1868."

Ix the last lecture 1 endeavoured to point out to you the
principles upon which Professor Kirchhoft arrived at the
remarkable conclusion that certain metals well known on
earth are contained in the solar atmosphere. I have
to-day to bring before you facts which are still more
interesting, with regard to the chemical composition of
the stars and the nebulae ; and if in the former lectures
I had to couple the names of two great German philo-
sophers, I have to-day to bring before your notice the
researches of two distinguished Englishmen—Mr. Huggins
and Dr. Miller—to whom we are indebted for almost all
our knowledge of stellar chemistry.

Although the moon and planets, shining by borrowed
light, do not reveal to the spectroscope the nature of the
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the time of observation reflected the light of the setting
sun. One strong band corresponds with some terrestrial
atmospheric lines, and probably indicates the presence
of vapours similar to those which float about the earth.
Another band has no counterpart amongst the lines of
absorption of our atmosphere, and tells us of some gas or
vapour which does not exist in the earth’s atmosphere.
From observations upon Saturn it appears probable that
aqueous vapour exists in the atmosphere of this planet,
as well as in that of Jupiter. In Venus no intensifying
of the atmospheric lines could be observed; but some
remarkable groups of lines, corresponding to those seen
when the sun is low, were noticed on the more refran-
gible side of the line “p,” in the Mars spectrum ; and
these indicate the existence of matter similar to that
occurring in our own atmosphere, The red colour which
distinguishes this planet appears not to be caused by
absorption in its atmosphere, as the light reflected from
its polar regions is free from the ruddy tint peculiar to
the other portions of the planet. Padre Secchi and
Janssen have likewise made similar observations, and
they also conclude that in all probability the vapour of
water exists in the planetary atmospheres,

I must now pass on to the subject proper of this day’s
discourse, which is to consider the properties of the light
from the fixed stars, The more we learn about this
subject, the more I think we must be surprised at the
accuracy of the observing powers of those philosophers
who have given us this information. As Mr. Huggins
says, “ We now need not teach our children that little
couplet of ¢ Twinkle, twinkle, little star ; How I wonder
what you are!’” because we really know ; we have, in
place of wonder, knowledge ; for from the observations
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made with the help of this beautiful instrument (a fac-
simile of the one used by Mr. Huggins, Fig. 60) we are
in possession «of facts respecting the composition of the
atmosphere, and the physical constitution of these stars,
as accurate as the knowledge we possess concerning the
composition of the solar atmosphere. It would be

Fie. 80,

impossible for me to give you, even if time permitted,
an accurate deseription of the method employed by
Mr. Huggins, (See Appendix A.) Suffice it to say, that at
the end of his telescope he has placed this spectroscope,
containing two prisms (A %) ; and that, by very accurate
adjustment, he is able to bring the image of the star
on the slit of his spectroscope (d). You may imagine
how diflicult these observations are, when yon remember
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that the light of the star emanates from a point,—that
is to say, the star has no sensible magnitude ; that the
image of the star has to he kept steady upon a slit
only the 41y part of an inch in breadth; aund, more-
over, that the effect of the earth’s motion has to be
counteracted. When you add to this, that the amount
of light which even the brightest stars give is excessively
feeble, that this line of light must be still further
weakened by being spread out by a cylindrical lens
(@) into a band, and when you remember that in our
climate on a few only of those nights in which the
stars appear to the naked eye to shine brilliantly is the
air steady enough to prevent the flickering and confusion
of the spectra, fatal to these extremely delicate obser-
vations, I think you will easily understand how exceed-
ing difficult these researches must have been, and T am
sure you will acknowledge the debt of gratitude which
the world owes to those gentlemen who, by devoted
labours, have brought the subject to this interesting
issue.

In order to get a knowledge of the chemical composi-
tion of the stars, or to ascertain what chiemical elements
are present in them, it is necessary to use excessively
delicate arrangements, by which not only the light from
the star is allowed to pass through the prisms and to
be received on the retina, but also that emitted by the
various substances, the presence or absence of which in
the stellar atmosphere it is desired to ascertain. These
rays must pass together with the beam of starlight, or
rather over or under the starlight, into the eyepicce,
through the same prism, so that we may be able to
compare the position of the dark lines in the stellar

s, spectrum with that of the bright lines in the spectrum of
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but that four bright lines of calcium, also seen in the
sun’s spectrum, are present in both stars. The lines
observed in these two stars are at least seventy in num-
ber, and Mr. Huggins and Dr. Miller have found that in
Aldebaran we have evidence of the presence of no less
than nine elements: namely (1) hydrogen, giving the
lines ¢ and ¥ ; (2) the metal sodium, giving the double
line p; (3) magnesium, giving the lines b; (4) calcium,
giving four lines; (5) iron, giving four lines, and £; (6)
bismuth, giving four lines (bismuth is not found in the
sun) ; (7) tellurium, four lines; (8) antimony is also
found, three lines; and (9) mercury, four lines. Thus
the element tellurium, whose name implies a purely
earthly origin, is found in the star, although it does
not exist in the sun, and is very rare on this carth.
There are only two stars—Betelgeux, to which I have
jJust referred, and another star called 8 Pegasi—in which
the hydrogen lines are wanting: all the other stars
contain hydrogen.

We have, then, now arrived at a distinet understand-
ing of the physical constitution of the fixed stars: they
consist of a white-hot nucleus, giving off a continuous
spectrum, surrounded by an incandescent atmosphere,
in which exist the absorbent vapours of the particular
metals. These results are interesting, as bearing on
Laplace’s nebular theory, because they show that the
visible universe is mainly composed of the same elemen-
tary constituents, although certain of the stars differ
from one another widely in their chemical constitution.

The next question to which the attention of the
observers was directed was the different character of
the light produced by the stars. It is well known that
the stars are variously coloured : some shine with a bright
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ence of certain twin or double stars, It appears that
amongst these twin stars, which invariably differ in
colour, the blue, green, and purple stars are faint
telescopic stars, never found alone, but associated under
the protection, as it were, of a brighter red or orange
star. Does the same explanation which has been given
of the variety of the differently coloured stars also apply
to these double stars?

We have here (No. 2 on the Chromolith.) a diagram
of the combined spectra of the two double stars existing
in B Cygni—above, the orange star; below, the blue
star. This one is orange because there are so many
dark lines in the blue and red, whilst there are none at
all in the orange portion of the spectrum. In the blue
star, on the other hand, we have a vast number of very
fine lines existing in the red and in the orange, and a
much smaller number existing in the blue: hence the
light of this star produces upon the retina the effect
of blue light. Padre Secchi® observing under the clear
skies of Rome has investigated the spectra of many hun-
dred stars. He finds it possible to arrange all these stars
in four groups, each characterised by a special form of
spectrum. Group 1 contains the white stars, Sirius, a
Lyree, Vega, &c., whose spectra are especially characterised
by four black lines, coincident with those of hydrogen.
Group 2 consists of the yellow stars, having spectra
intersected by numerous fine lines resembling those of
our sun : in this group Secchi reckons Pollux, Capella,
Aquile, and our sun. The third group contains the red
and orange stars, a Orionis, a Hereulis, 8 Pegasi, &e., the
spectra of which are divided into eight or ten parallel
columnar clusters of alternate dark and bright bands,

' Astronomische Nachrichten, Jan. 28, 1869,
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died out, returning, as it were, to its original telescopic
dimensions of about the tenth magnitude. How was this
diminution of the brightness of the star to be explained ?
The cause of the diminution was revealed to us by the
spectroscope, inasmuch as these bright lines were found
to dwindle and fade away, and it was observed after
a lapse of twelve days, when the star had diminished
in brilliancy from the second to the eighth magnitude,
that these bright lines became quite invisible. 1 had the
good fortune to see through Mr. Huggins’ telescope the
very spectrum the drawing of which is now cast upon the
screen, The lines when I happened to see them had,-how-
ever, nearly faded away; but they were still visible,
The conclusion to which we must come with regard to
this sudden outburst is that it was probably due to a
sudden conflagration of hydrogen ; that hydrogen gas was
in some way in a state of ignition, either through some
chemical or other change ; and that the existence of these
bright lines was due to the star being, so to speak, on fire.'
A similar sudden increase of light has been observed

1 Mr. Baxendell's careful estimates of the varying brightness of this
star (Manch. Proc. Nov. 27, 1866) led him to conclude that the inten-
sity of its light on August 20th, when it reached its minimum, was only
wagih part of that emitted at its maximum on May 12th. From the
recent observations of Lockyer and Janssen (see p. 210) we learn that
the red prominences in the sun are also caused by glowing hydrogen,
so that we have a new reason for believing that the sun may belong to
the family of variable stars. The question at once suggests itself to
the mind, Could a similar conflagration burst out in our system? Of
the effects there can be no doubt. The intensity of the sun's rays heing
increased nearly eight hundredfold, our solid globe would be dissipated
in vapour almost as soon as a drop of water in a furnace. The tempera-
ture in the sunlight would rise at once to that only attainable in the
focus of the largest burning-glass, and all life on our planet would
instantly cease.  In thusspeculating on such a possible termination to

Rt
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On the 20th August, 1864, Mr. Huggins turned his
telescope on to this particular nebula. I am afraid |
cannot give you any idea of the delicacy of such observa-
tions. Those, however, of my audience who have seen
such a 1ﬂ.—;m-hr1'}‘ nebula through a telescope will know
that the licht which those bodies give off is less than the
light given off by perhaps even the smallest fixed star ;
and the difficulty of obtaining a spectrum and of ex-
amining the nature of this light is therefore exceedingly
great.’ What, however, was Mr. Hugginsg’ astonishment,

"L:v.arrfr.l

3. G2,

on bringing the image of this nebula on to the slit of
his spectroscope, to observe that he no 11*]]‘!_""[.']' had to do
with a class of bodies of the nature of stars |—that instead
f having a band of light intersected by dark lines, indi-
cating the lnihj'ﬁil‘il] constitution of the ]HH!:-' to he that
corresponding to the stars, he found the light from this
nebula consisted simply of three isolated bright lines, of
which we have here (Fig. 62, and in No. 7 of the Chromo-
lith.) a very rough representation, If the spectrum of

L }I]!. ]aillf]{j.15|', i.]]. ]liH :.'|.|.|.['|]i..|'-il-||‘.|1.l- il.ll.-t]'l' h':l‘“]': Ll _1||-'\:[|'“'||':]”l:|.'_ :i‘.'l.':-i all
idea of the extreme faintness of the more distant nebule. “ The light
of some of those visible in a moderately large instrument has been

estimated to vary from 545 t0 sggpp ©f the light of a single sperm
candle consuming 158 grains of material per hour, viewed at a distance
of a quarter of a mile ; that 1s, such a candle a quarter of a wile ofl is

20,000 times more brilliant than the nebuola !

y &)
R &
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this nebula had been continuouns, it would have been
very ditlicult to see it. It was only because the light
given off consisted of three bright lines that he was
enabled to examine this spectrum at all. You will
have already anticipated me in the conclusion that
these most curlous bodies do not consist of a ‘v.".];ilft'—]:llﬁl
nucleus, enveloped in an atmosphere In passing through
which the light is absorbed, giving us dark lines, but,
on the contrary, that these nebulse are in the condi-
tion of luminous oases, and that it really is nebulous
matter with which we have here to do,

The history of these nebulse is one into which 1 cannot

enter. You all knew that the names of Herschel and of
Rosse are associated with the most accurate and careful
examination of these particular bodies, and that 1t 1s
especially to the late Lord Rosse that we are indebted
for the very careful examination, by means of lis mag-
nificent 11‘]E.'.‘-1L'IJI][', of these most sillj_{lllell' bodies, It Iljl‘-‘u'
hecame a matter of the very greatest interest to examine
the character of the light f__{ix'e_'n off ll!l_‘i..' the other nebulse,
[ will indicate to you the appearance of some of these
nebulae, thoueh ‘n'i'l:_‘.' roughly, by means of the drawings.

The nebula in Aquarius is seen n Fig. 63. ['he
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drawing of this nebula gives you but a faint notion of
its appearance in the telescope. I may also show you
another nebula (Fig 64), having a spiral form, and whose
spectrum exhibits a fourth bright line.  Mr. Huggins
then found, on examining the character of the lines
which these nebulse give off, that the spectrum was like-
wise distinguished ]_!_\.' the same three distinet bright
lines. The questions will oceur to every one, Do all the

nebule _L_:i'x':' similar raEu-rH':].’ anel n-ra]u-u-i.'ii|}.'. Do those

which the telescope had certainly resolved into a close
:|;‘;‘|'r-;‘:1[‘|rlrl of ]:]'ill_{m Elni]][:-! ;_;'i"'.'.' Ascons .‘*J._Il'li'“'q'l ¢

Mr. Hugeins has examined the spectra of about
seventy nebule, and he finds that these can be divided
into two great groups. One group 'Z_;L]mu[ one-third of
the whole number) consists of the nebulse giving spectra
of three bright lines similar to those which I have shown
_\rlll\ or I.'!r«'t' I'IFII[iIillllll_',_{' H]J|_‘-.' one or two ujl 1]1|'r¢n' ]r]'ij_rhi
lines. *“ Of these seventy nebule, about one-third helong
to the class of gaseous hodies: the light of the remain-

g nebule and clusters hecomes spread out by the prism
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into a spectrum which is apparently continuous.” To
the class of nebule giving continuous spectra the well-
known nebula in Andromeda belongs. This singularly
shaped body is visible to the naked eye (IFig. 65), and
1s not ll]lfll'l.'l'llll.'llil"}r mistaken for a comet. It was
observed as early as the year 1612, by Simon Marius.
The spectrum of this nebula, though apparently con-
tinuous, possesses some curious characteristics, the whole
of the red and a portion of the orange being wanting,
besides the brichter parts exhibitine an unequal and

mottled appearance.

Frie:. 66

[t next becomes a most i'lljuﬂ'l LILE ]minr to ascertain
the chemical nature of the three bright lines in the
spectra of the gaseous nebule. Mr. Huggins finds that
the h;l'lg‘]lla*.-%T' of the lines of the nebula coincides with the
strongest of the lines which are }ll'li'll.]i:t'l' to nitrogen, whilst
the faintest of the lines was found to coinelde with the
green line (¥) of hydrogen. The middle line of the three
does not eoincide with a line of any known element.

The upper ]:;I!'1 of this ‘tl'it".'ﬁh]‘_{' 1S infended to repre-



LECT. VL] NATURE OF THE NEBULAR LINES. 247

sent a portion of the solar spectrum. Here you see the
dark line ¥, due to hydrogen, and the lines formed by
magnesium, corresponding with the letter . Below are
the lines corresponding with some of the bright lines
of hydrogen, barium, nitrogen, and magnesium, whilst
between them are the three lines observed in these
nebulee (Fig. 66). Now it may be asked, “How 1s it
if one of these three lines is due to hydrogen, and
another to nitrogen, that the other well-known lines
of these elements arve not present in the spectra of the
nebule 2 Can we come to the conelusion that nitrogen
and hydrogen are contained in the nebulze, when we only
see two out of the many characteristic lines? Why do
not the others appear ?”  With regard to this point, Mr.
Huggins has quite recently shown—and I have to thank
him for his kindness in allowing me to see the paper
before it was published—that if the intensity of the light
coming from glowing nitrogen be diminished to a certain
point, only one line is seen, and if you diminish the
intensity of the hydrogen spectrum, this one blue line (¥)
alone becomes visible! We may therefore safely follow
in Mr. Huggins’ steps, and take all his conclusions as
being the result, not only of careful experimentation, but
of philosophic cantion, for in all these new and difficult
subjects that is an absolute necessity. 1 think we may
be well satisfied to adopt his decision, that in fact nitro-
gen and hydrogen do exist in the nebulse, and that the
cause of the non-appearance of the other lines is simply
to be aseribed to the fact which I have already en-
deavoured to point out to you, that the light coming
from these nebule is of such excessively slight intensity.

I am almost afraid to take up your time in exhibiting

! This fact has also been observed by Padre Secchi.
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to you many of these diagrams ; still I must not omit to
show you one of the well-known nebula in the sword-
Ii-‘.ll]l.”L_' :Jr {}I'il_ltl |::-“-:I"l' |“i:_,l:_ !FT.]I. 'l.'.']]ii'll was ¢1i.-;:_-m'+_:[-+-d ||}' 110
less a personage than the astronomer Huyghens in 1656.
[ will read to you Sir John Herschel’s Rh‘:'i[‘-]‘i[ltiull of this
nebula. “The general aspect of the less luminous and
cirrous portion is simply nebulous and irresolvable ; but
the brighter portion immediately adjacent to the trapezium
forming the square front of the head is shown with the
eighteen-inch reflector broken up into masses, whose

Fic. 87
1, O

mottled and curdling light evidently indicates, by a sort
of granular texture, its consisting of stars, and when
examined under the great light of Lord Rosse’s reflector,
or the exquisite defining power of the great achromatic
at Cambridge, U.S,, 1s evidently perceived to consist of
clustering stars. There can therefore be little doubt as to
the whole consisting of stars too minute to be discerned
individually, even with those powerful aids, but which
become visible as points of light when closely adjacent in
the more erowded '[I;I]‘[ri.!‘
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It becomes a matter of the greatest interest to
learn the econclusions to which the spectroscope leads
us, concerning the nature of these resolvable por-
tions of this nebula. Here you have Mr. Huggins’
own words on this important subject. *The results of
telescopic observation on this nebula seem to show that
it is suitable for observation as a crucial test of the
correctness of the usually received opinion, that the
resolution of a nebula into bright stellar points is a
certain and trustworthy indication that the nebula
consists of discrete stars after the order of those which
are bright to us. Would the brighter portions of the
nebula adjacent to the trapezium, which have been
resolved into stars, present the same spectrum as the
fainter and outlying portions? In the brighter parts
would the existence of closely aggregated stars be
revealed to us by a continuous spectrum, in addition to
that of the true gaseous matter?” The answer of the
spectroscope comes to us in no doubtful tone. “The
light from the brightest parts of the nebula near the
trapezium was resolved by the prisms into three bright
lines, in all respects similar to those of the gaseous nebula.
.+ .. The whole of this great nebula, as far as lies within
the power of my instrument, emits light which is identical
in its characters; the light from ome part differs fmn}
the light of another in intensity alone.”

The conclusion is obvious, that the close association
of points of light in a nebula can no longer be aceepted
as proof that the object consists of true stars. These
luminous points, in some nebule at least, must be re-
garded as portions of matter, denser probably than the
outlying parts of the great nebulous mass, but still
gaseous. Another point of interest here presents itself
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lines "I;"h'Hml ]1‘13,' the nebulae. :":H]‘J I ﬁl:'l, are these
particular lines—roughly represented here—these three
bands, identical in position with the bands of any known

i T 13 fai I 1Y I M

o r |'.' . r‘;\._l arkh LEE e ' I ! Vi r

Carbon. Spark taken in Olefiant Gas.

Comast IT. 1868,

]FJI.I-'H'.'H':I.' '8 !’_,."..-_.,-.l.'l"l -l_"-ir'::-:l
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Fig. 68

substance. (See ]"iln_-', 68.) At the bottom of the «

the lines of the nebulee are given ; next, we have the spark

lagram

spectra of nitrogen, hydrogen, magnesium, sodium ; af
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the top we see the solar lines, and between these lie the
particular lines of the comet: hence this comet contains
something not contained in the nebuls, and whose lines

Fia, 63,

do not coincide with any substance known on earth, so
far as examination has yet proceeded. So that we really
do not vet know of what this comet consists, This obser-
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vation, I am sure you will all admit, opens out to us
subjects of the deepest interest.

We are entirely at a loss to know how such a body as
the comet can be self-luminous : the mass of the comet,
[ believe, is astronomically speaking inappreciable. We
do not know whether there is as much matter in this
comet as would fill this room, or as much as would fill
one’s hat ; and this amount.of matter is spread over an
enormous space. The diameter of this comet has been
determined for me by Mr. Baxendell, who tells me that
it is about 60,700 miles: an immense space over which
to spread so small an amount of substance.

How matter in this attenuated form can be kept up at
the high temperature necessary for the gas to become
incandescent is a subject on which we cannot at present
even speculate.

[Since this lecture was delivered, Mr. Huggins has
published an account of his observations on the second
comet of 1868, a drawing of which is seen in Fig. 69.
These important additions to our knowledge are given in
full in the Appendix. The Comet II. of 1868 has thus
been proved to eontain luminous carbon, or carbon com-
pounds : its spectrum, together with that of Brorsen’s
comet, is seen in Fig. 68. This shows the carbon spec-
trum compared with the spectrum of the nebulse and
with the bright lines of some of the elements, the coin-
cidence of the bright lines of Comet II. with those of
the spark taken in olefiant gas being clearly seen. In
order to obtain an exact comparison of the lines of the
comet with those of incandescent olefiant gas, the arrange-
ment shown in Fig. 70 was employed. This consists of a
glass bottle, @, converted into a gas-holder containing the
olefiant gas. This was connected with the glass tube,
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b, through which the gas passed, and into which two
111:tt'inum \\‘jl'l_'ﬁ, [ 11!1[1 lf', fl:i.il ]ll'{'ll HHI'L].t'I'l'll. Thiﬁ tube
being then placed before the mirror of the spectroscope,
¢, the light of the spark, passing through the gas in the
tube by means of the wires, was reflected into the instru-
ment o, and its spectrum was seen immediately below
that of the comet. The two sets of bands were not
only found to agree precisely in position, but they cor-
responded in their general characters, and in their relative

brightness. Whether the carbon is present in the free
state in the comet, or in the state of ecombination, cannot
be as yet definitively decided : the existence of carbon
and of hydrocarbons in the extra-tervestrial matter ol
meteorites has long heen known. |

[ have still to speak of another result of these in-
teresting experiments of Mr. Huggins. Not only are
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we in a position thus to determine the constitution of the
stars and of the nebule, but we can actually, by these
observations, get some ideas respecting the relative
motions of these bodies and our earth. It is impossible
in the time at my disposal to explain to you the mode
in which philosophers or physicists have arrived at the
conclusion that, when a luminous body is approaching
another very rapidly, the kind of light which is received
on the retina from that body moving at a very great speed
differs in some respects from the light which the retina
would receive were that body at rest. An illustration
from sound may perhaps render this matter more plain.
If in a railway train you listen to the whistle of the
engine of another train, which is meeting you, you will
notice that as the two trains approach the pitch of the
note of the whistle alters. This is because (owing to the
sound being produced by the vibration of the particles
of the air), when the two trains are approaching each
other, the waves of sound are, as it were, forced together
wd fall more rapidly upon the ear than they would do
if the two trains were in a state of rest. The same thing
happens with regard to light. If the one object which
is luminous is approaching the retina very rapidly, the
vibrations causing light will fall more frequently on the
retina than if the bodies were at rest ; and then the posi-
tion of the dark lines would be shifted. Mr. Huggins
has actually found that in some of these stars there is a
slight disturbance in the position of the hydrogen line
F: he first most beautifully proved that it is really hy-
drogen which is present, and then he showed that there
is a slight deviation observed between the hydrogen line
and the line existing in the star ; and hence he comes to
the conclusion that the motion of recession between the
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carth and the star Sirius is that of 41'4 miles per second,
or that, if the earth were stationary, there would be a
motion of recession at the rate of 29 miles per second,
This is the proper motion which is attributed to the
star,  Here you see a diagram (Fig. 71) showing the
slight deviation which the line r exhibits in Sirius light.
It is difficult for me to explain this matter in a fow
words, but I should have been neglecting my duty if I
failed to point out to you that not only can we arrive
at conclusions respecting the chemical nature of the
stars by spectrum analysis, but that by the same power-
ful means we are actually enabled to come to a know-

ledge respecting their motion.

Hydrogen at
At osplieric
Pressure

SolarSpectrim
Line F

Spwrf.m i of
Sirius

Hydrogen in
Vacuwm tube

Fig. 71.

[n conclusion, I may say that I feel it would be idle in
me to attempt to add any words as to the importance and
grandeur of the subjects which in these lectures I have
so imperfectly brought before you. I leave the facts to
speak for themselves, and I have only to thank you most
heartily for the kind attention with which you have

honoured me.



LECTURE VI—APPENDIX A.

EXTRACT FROM A MEMOIR ON THE SPECTRA OF SOME OF THE
FIXED STARS.!

BY W. HUGGINS, F.R.A.5, AND W. MILLER, M.D., LLD.,
TREAS. AND V.F.R.8.%

§ 1. Introduction.

1. THE recent discovery of Kirchhoff of the connexion hetween
the dark lines of the solar spectrum and the bright lines of
terrestrial flames, so remarkable for the wide range of its appli-
cation, has placed in the hands of the experimentalist a method
of analysis which is not rendered less certain by the distance
of the objects the light of which is to be subjected to examina-
tion. The great success of this method of analysis as applied
by Kirchhoff to the determination of the nature of some of the
constituents of the sun rendered it obvious that it would be an
investigation of the highest interest, in its relation to our know-
ledge of the general plan and structure of the visible universe,
to endeavour to apply this new method of analysis to the light
which reaches the earth from the fixed stars. Hitherto the
knowledge possessed by man of these immensely distant bodies
has been almost confined to the fact that some of them, which
observation shows to be united in systems, are composed of
matter subjected to the same laws of gravitation as those which
rule the members of the solar system. To this may be added
the high probability that they must be self-luminous bodies,
analogous to our sun, and probably in some cases even tran-
scending it in brilliancy. Were they not self-luminous, it would
I Phil. Trans. 1864, ? Professor of Chemistry, King's College, London,

b
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other lines. Donati’s elaborate paper contains observations upon
fifteen stars ; but in no case has he given the positions of more
than three or four bars, and the positions which he aseribes to the
lines of the different spectra relatively to the solar spectrum do
not accord with the results obtained either by Fraunhofer or by
ourselves. Asmight have heen anticipated from his well-known
accuracy, we have not found any error in the positions of the
lines indicated by Fraunhofer.

3. Early in 1862 we had succeeded in arranging a form of
apparatus in which a few of the stronger lines in some of the
brighter stars could be seen. The remeasuring of those already
deseribed hy Fraunhofer and Donati, and even the determining
the positions of a few similar lines in other stars, however,
would have been of little value for our special ohject, which was
to ascertain, if possible, the constituent elements of the different
stars. We therefore devoted considerable time and attention to
the perfecting of an apparatus which should possess sufficient
dispersive and defining power to resolve such lines as D and b
of the solar spectrum. Such an instrument would bring out the
finer lines of the spectra of the stars, if in this respect they
resembled the sun. It was necessary for our purpose that the
apparatus should further be adapted to give accurate measures
of the lines which should be observed, and that it should also be
so constructed as to permit the spectra of the chemical elements
to be observed in the instrument simultaneounsly with the spectra
of the stars. In addition to this, it was needful that these two
spectra should oceupy such a position relatively to each other
as to enable the observer to determine with certainty the coinci-
dence or non-coincidence of the bright lines of the elements with
the dark lines in the light from the star.

Before the end of the year 1862 we had succeeded in con-
structing an apparatus which fulfilled part of these conditions.
With this some of the lines of the spectra of Aldebaran, a
Orionis, and Sirius were measured; and from these measures
diagrams of these stars, in greater detail than had then been pub-
lished, were laid before the Royal Society in February 1863.

After the note was sent to the Society, we became acquainted with
a 92

Per)
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this purpose by Fraunhofer. In the apparatus by which the
spectra described in our “ Note” of February 1863 were ob-
served the cylindrical lens employed was plano-convex, of 05
inch focal length. This was placed within the focus of the
object-glass, and immediately in front of the slit of the
collimator.

The present form of the apparatus is represented in Fig. 60
(page 232), where the cylindrical lens is marked a. This is
plano-convex an inch square, and of about 14 inches focal
length. The lens is mounted in an inner tube b, sliding within
the tube ¢, by which the apparatus is adapted to the eye end
of the telescope. The axial direction of the cylindrical surface
is placed at right azngles to the slit d, and the distance of the lens
from the slit within the converging pencils from the object-glass
is such as to give exactly the necessary breadth to the spectrum,
- In consequence of the object-glass being over-corrected, the
red and especially the violet pencils are less spread out than
the pencils of intermediate refrangibility ; so that the spectrum,
instead of having a uniform breadth, becomes slightly narrower
at the red end, and tapers off in a greater degree towards the
more refrangible extremity.’

In front of the slit d, and over one-half of it, is placed a
right-angled prism e, for the purpose of reflecting the light
which it receives from the mirror f, through the slit. In the
brass tube ¢ are two holes : by one of these the light is allowed
to pass from the mirror to the reflecting prism ¢; and by means
of the other access to the milled head for regulating the width
of the slit is permitted. Behind the slit, and at a distance equal

1 The experiment was made of so placing the eylindrical lens that the axial
direction of its convex cylindrical surface should be parallel with the direction of
the slit. The line of light is in this case formed by the lens ; and the length of
this line, corresponding to the visible breadth of the spectrum, is equal to the
diameter of the cone of rays from the ohject-glass when they fall upon the slit.
With this arrangement, the spectrum appears to be spread out, in place of being
contracted at the two extremities. Owing to the large minount of dispersion to
which the light is subject, it was judged unadvisable to weaken still further the
already feeble illumination of the extremities of the spectrum ;: and in the exami-
nation of the stellar spectra the position of the eylindrical lens with its axis at
right angles to the slit, as mentioned in the text, was thercfore adopted.
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the instrument by Cooke and Sons. The centre of motion about
which it is carried is placed approximatively at the point of
intersection of the red and the violet pencils from the last
prism : consequently it falls within the last face of the prism
nearest the small telescope. All the pencils therefore which
emerge from the prism are, by the motion of the telescope,
caused to fall nearly centrically upon its object-glass. The
micrometer screw has 50 threads to an inch ; and each revolution
is read to the hundredth part, by the divisions engraved upon
the head. This gives a scale of about 1,800 parts to the interval
between the lines A and H of the solar spectrum. During the
whele of the observations the same part of the screw has been
used ; and the measures being relative, the inequalities, if any,
in the thread of this part of the screw do not affect the accuracy
of the results. The eye lens for reading the divicions of the
micrometer screw is shown at s.

The mirror f receives the light to be compared with that of
the star spectrum, and refleets it upon the prism e, in front of
the slit ¢. This light was usually obtained from the induection
spark taken between electrodes of different metals, fragments of
wires of which were held by a pair of small forceps attached to
the insulating ebonite clamp . Upon a moveable stand in the
observatory was placed the induction coil, already described by
one of us! in the secondary circuit of which was inserted a
Leyden jar, having 140 square inches of tinfoil upon each of its
surfaces. The exciting battery, which, for the convemence
of being always available, consisted of four cells of Smee’s
construetion, with plates 6 inches by 3, was placed without the
observatory. Wires, in connexion with this and the coil, were
so arranged that the observer could make and break contact at
pleasure without removing his eye from the small telescope.
This was the more important, since, by tilting the mirror £, it is
possible, within narrow limits, to alter the position of the
spectrum of the metal relatively to that of the star. An
arrangement is thus obtained which enables the observer to be
assured of the perfect correspondence in relative position in the

! Phil. Trans. 1864, p. 141,
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general method of observing was adopted :—The flame of a
small Jamp of aleohol, saturated with chloride of sodium, was
placed centrally before the object-glass of the telescope, so as to
furnish a sodium spectrum, The sodium spectrum was then
obtained by the induction spark, and the mirror f was so
adjusted that the components of the doubled line », which is
well divided in the instrument, should be severally coincident in
the two spectra. The lamp was then removed, and the telescope
directed to the sun, when Fraunhofer’s line D was satisfactorily
observed to coincide perfectly with that of sodium in the
induction spark. Having thus ascertained that the sodium lines
coincided in the instrument with the solar lines b, it was of
importance to have assurance from experiment that the other
parts of the solar speetrum would also accurately agree in
position with those corresponding to them in the spectrum of
comparison. When electrodes of magnesinin were employed,
the components of the triple group characteristic of this metal
severally coincided with the corresponding lines of the group b.
¢ and F also agreed exactly in position with the lines of
hydrogen. The stronger of the Fraunhofer lines were measured
in the spectra of the moon and of Venus, and these measures
were found to be accordant with those of the same lines taken
in the solar spectrum.

Before commencing the examination of the spectrum of a
star, the alcohol-lamp was again placed before the objeet-glass
of the telescope, and the correct adjustment of the apparatus
obtained with certainty. The first observation was whether the
star contained a double line coincident with the sodium line b,
When the presence of such a line had been satisfactorily
determined, we considered it sufficient in subsequent observa-
tions of the same star to commence by ascertaining the exact
agreement in position of this known stellar line with the
sodium line b,

Since from flexure of the parts of the spectrum apparatus
the absolute reading of the micrometer might vary when the
telescope was directed to stars differing greatly in altitude, the
measure of the line in the star which was known to be
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prism of dense glass, which has a refracting angle of 60°. The
other instrument has two similar prisms,

In a paper “On the Spectra of some of the Fixed Stars,” by
myself and Dr. W, A. Miller, we state that on one occasion
several strong lines of absorption were seen in the more refran-
gible parts of the speetrum of Mars.

During the recent more favourable opportunities of viewing
Mars I again saw groups of lines in the blue and indigo parts
of the spectrum. However, the faintness of this portion of the
spectrum, when the slit was made sufficiently narrow for the
distinet observation of the lines of Fraunhofer, did not permit
me to measure with accuracy the position of the lines which I
saw. For this reason I was unable to determine whether these
lines are those which oceur in this part of the solar spectrum, or
whether any of them are new lines due to an absorption which
the light suffers by reflection from the planet.

I have confirmed our former observation, that several strong
lines exist in the red portion of the spectrum. Fraunhofer's c
was distinctly seen, and its identity determined by satisfactory
measures with the mierometer of the spectrum apparatus. From
this line the spectrum, as far as it ean be traced towards the less
refrangible end, is crossed by dark lines. Ome strong line was
satisfactorily determined by the micrometer to be situated from
¢ at about one-fourth of the distance from ¢ to B. As a similar
line is not found in this position in the solar spectrum, the line
in the spectrum of Mars may be accepted as an indication of
absorption by the planet, and probably by the atmosphere which
surrounds it. The other lines in the red may be identieal, at
least in part, with B and A, and the adjacent lines, of the solar
gpectrum.

On February 14 faint lines were seen on both sides of Fraun-
hofer's . The lines on the more refrangible side of D were
stronger than the less refrangible lines. These lines occupy
positions in the spectrum apparently coincident with groups of
lines which make their appearance when the sun’s light traverses
the lower strata of the atmosphere, and which are therefore
supposed to be produced by the absorption of gases or vapours
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This opinion appears to receive support from the photometric
observations of Seidel and Zollner, some of the results of
which I will briefly state.

These observations show that Mars resembles the moon in
the anomalous amount of variation of the light reflected from it
as it increases and decreases in phase ; also in the greater bril-
liancy of the marginal portions of its dise. Further, Zollner has
found that the albedo of Mars, that is, the mean reflective power
of the different parts of its disc, is not more than about one-
half greater than that of the lunar surface. Now these optical
characters arve in accordance with telescopic observation, that in
the case of Mars the light is reflected almost entirely from the
true surface of the planet. Jupiter and Saturn, the light from
which has evidently come from an envelope of clouds, are, on the
contrary, less bright at the margin than at the central part of the
disc. These planets have an albedo, severally, about four and
three times greater than that of the moon.!

The anomalous degradation in the brightness of the moon at
the phases on either side of the full, as well as the greater bril-
liancy of the limb, may be accounted for by the supposition of
inequalities on its surface, and also by a partly regular reflective
property of its superficial rocks. Zollner has shown that if
these phenomena be assumed empirically to be due to inequali-
ties, then the angle of mean elevation of these inequalities must
be taken as 52°. On the same hypothesis the more rapid changes
of Mars would require an angle of 76°2

It appears to be highly probable that the conditions of sur-
face which give rise to these phenomena are common to the
moon and to Mars, The considerations referred to in a former
paragraph suggest that these superficial conditions represent
peculiarities which exist at the true surface of the planet.
In this connexion it is of importance to remark that the
darker parts of the disc of Mars gradually disappear, and the

coloured portions lose their distinctive ruddy tint as they
approach the limb,

! Photometrische Untersuchungen, von Dr, J, C. Ziillner, Leipzig, 1865,
2 Ibicki pp. 119, 128.






APPENDIX C.
ON THE SPECTRA OF VARIABLE STARS.

“ The spectrum of y Cassiopeie appears to be in some respects
at least analogous to that of r Coronz. In addition to the bright
line near the boundary of the green and blue observed by
Father Secchi, there is a line of equal brilliancy in the red, and
some dark lines of absorption. The two bright lines are narrow
and defined, but not very brilliant. Mierometrical measures made
by Mr. Huggins of these lines show that they are doubtless
coincident in position with Fraunhofer's ¢ and ¥, and with two
of the bright lines of luminous hydrogen. In these stars part
of the light must be emitted by gas intensely heated, though not
necessarily in a state of combustion. The nearly uniform light
of y Cassiopei® suggests that the Inminous hydrogen of this
star forms a normal part of its photosphere.”—Nofices, Royal
Astronomical Soeiety, vol. xxvii. p. 131.

“ Mira Celi, which gives a spectrum apparently identical, or
nearly so, with « Orionis, was examined when at its maximum
brilliancy, and on several subsequent occasions, after it had
commenced its downward course. At the time the star was
waning in brightness there was thought to be an appearance of
areater intensity in several of the groups, but a continued series
of observations is desirable before any opinion is hazarded as
to the cause of the variation in brightness which has procured
for this object the title of ‘Wonderful! At Mr. Baxendell’s
request the variable p Corone was examined when at its
maximum, but without any successful result. . . . Mr. Huggins
has confirmed the observation of MM. Wolf and Raget so far
as to the presence of bright lines in the three small stars
described by them. He has not determined the positions of
these lines."—Thid. vol. xxviii. p. 87.
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that the displacement of a line, or of a group of lines, to an
amount smaller even than the interval which separates the
components of Fraunhofer’s v, would have been easily detected.
We were, therefore, in possession of the information that none of
the stars, the lines in the spectra of which we had compared
with sufficient care, were moving in the direction of the visual
ray with a velocity so great, relatively to that of light, as to shift
a line throngh an interval corresponding to a difference of wave-
length equal to that which separates the components of 0. To
produce an alteration of refrangibility of this amount a velocity
of about 169 miles per second would be required. The following
stars, with some others, were observed with the requisite accu-
racy :—Aldebaran, & Orionis, 8 Pegasi, Sirius, a Lyre, Capella,
Arcturus, Pollux, Castor.

It appeared premature at the time to refer to these negative
results, as it did not seem to be probable that the stars were
moving with velocities sufficiently great to cause a change of
refrangibility which could be detected with our instrument. The
insufficiency of our apparatus for this very delicate investigation
does not, however, diminish the trustworthiness of the results
we obtained respecting the chemical constitution of the stars, as
the evidence for the existence or otherwise of a terrestrial
substance was made to rest wpon the coineidence, or want of
coincidence, in general character as well as position of several
lines, and not upon that of a single line,

According to the undulatory theory, light is propagated with
equal velocity in all directions, whether the luminous body be
at vest or in motion. The change of refrangibility is therefore
to be looked for from the diminished or increased distance the
light would have to traverse if the luminous object and the
observer had a rapid motion towards or from each other. The
great relative velocity of light to the known planetary velocities,
and to the probable motions of the few stars of which the parallax
is known, showed that any alterations of position which might
be expected from this cause in the lines of the stellar spectra
would not exceed a fraction of the interval between the doulle
line o, for that part of tlie spectrum.

;s
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therefore, could take place until the whole of those invisible waves
of force had been expended, which would only be the case when
the relative motion of the source of light and the observer was
several times greater than that of light,

In 1845 Ballot published a series of acoustic experiments
which support Doppler's theory in the case of sound. In the
same paper Ballot advances several objections to Doppler's
application of his theory to the colours of the stars.?

This paper was followed by several papers by Doppler in reply
to the objections which were brought against his conclusions.®

In 1847 two memoirs were published by Sestini on the colours
of the stars in connexion with Doppler's theory.®

More recently, in 1866, Klinkerfues* published a memoir on
the influence of the motion of a source of light upon the refran-
gibility of its rays, and described therein a series of observations
from which he deduces certain amounts of motion, in the case of
some of the objects observed by him.

The method employed by Klinkerfues has been ecritically
discussed by Dr. Sohncke.?

It may be sufficient to state that, as Klinkerfues employs an
achromatic prism, it does not seem possible, by his method of
observing, to obtain any information of the motion of the stars;
for in such a prism the difference of period of the luminous
waves would be as far as possible annulled. It is, however,
conceivable that his observations of the light when travelling
from E. to W.,and from W. to E., might show a difference in the
two cases, arising from the earth’s motion through the ether.

1 ¢ Akustische Versuche auf der Niederlindischen Eisenbaln nebst gelegent-
lichen Bemerkungen zur Theorie des Hrn. Prof. Doppler ;" Poge. Aun. B. lxvi.
3. 321,

? Bee Pogg. Ann, B, Ixxxi. 8. 270, and B. Ixxxvi. 8. 871,

3 * Memoria sopra i Colori delle Stelle del Catalogo de. Baily osservati dal
P. Band Sestini.” Roma, 1847.

4 “ Farnere Mittheilungen iiber den Einfluss der Bewegung der Lichtquelle anf
die Brechbarkeit eines Strahls.” Von W. Klinkerfues, Nachr. K. G. der W. zu
Gottingen, No. 4, 8. 33.

& ¢ Ueber den Einfluss der Bewegung der Lichtquelle auf die Brechung, kritische
Bemerkungen zu der Entdeckung des Hrn, Prof. Klinkerfues.” Von Hrn. Dr.
Solincke, Astron. Nachr, No. 1648.
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APPESD, D. |

more than three or four prisms are employed, and also, in part,
the ecircumstance that I had in my possession two very fine
direct-vision prisms on Amieci’s principle, which had been made
for me by Hofmann of Paris, induced me to attempt to combine
prisms with one or two
An instrument

in one instrument several simple
compound prisms which give direct vision.
constructed in this way, as will be seen from the following
|||-.-1'|'EE+TEUH. possesses several not Ll]liln]nl]'l:lm advantages.!

@ 18 an adjustable slit ; & an achromatic Fnl”imu[in; lens of 45
inches focal length ; ¢ represents the small telescope with which
the spectrum 1s viewed. The train of prisms consists of two
compound prisms, 4 and ¢, and three simple prisms, f, g, /L

Each of the compound prisms contains five prisms, cemented
h:;_gl'ﬂn't' with Canada balsam., The shaded ]-||]'1i|l]|:4 of the
diagram represent the position of the two prisms of very dense
Hint glass in each compound prism. The t_‘hill[lrllltlll: prisim
marked ¢ 1s much larger than the other, and is permanently
connected with the telescope ¢, with which it moves. '[I]II’.‘-'II.'
compound prisms, which were made specially to my order by
Hofmann, are of great perfection, and produced severally a
'|i*j=t']‘ﬁifllj !“nH;' E‘Llilil] o two ]ll'iﬁ]I:H ol |||'-'L;-||_;1'_'..' dense flint
1

An apparatus in many respects superior to the one here deseribed has been

I A G B s " o gt g
msbru d sinee, —Cetoher 1868
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terrestrial substance relatively to that of the star. Before
commencing an observation, a small alcohol-lamp, in the wick
of which bicarbonate of soda was placed, was fixed before the
object-glass of the telescope, and then the mirror and the
electrodes were so adjusted that the components of the double
line p were exactly coincident in both spectra.

This plan was soon found to be very inconvenient, and even
in some degree untrustworthy for the more delicate comparisons
which were now attempted. An unobserved accidental dis-
placement of the spark, or of the mirror, might cause the two
spectra to differ in position by an amount equal to the whole
extent of want of coincidence which it was proposed to seek for
in this investigation. The observations of many nights have
been rejected, from the uncertainty as to the possible existence
of an accidental displacement.

Another inconvenience, so great as even to seem to diminish
the hope of ultimate success, was found to arise from the diffi-
culty of bringing the lower margin of the star spectrum
into actual contact with the upper margin of the spectrum
of the hght reflected into the instrument. The lines in the
spectra of the stars are not, on ordinary nights, so steady
and distinct as are those of the solar spectrum. Under these
difficult circumstances it is very desirable, as an assistance to
the eye in its judgment of the absolute identity or otherwise of
the position of lines, that the bright lines of comparison should
not merely meet the dark lines in the star spectrum, but that
they should overlap them to a small extent. When the two
spectra are so arranged as to be in contact, the eye is found to
be influenced to some extent by the apparent straightness or
otherwise of the compound line formed by the coincident, or
nearly coincident, lines in the two spectra. Owing to the un-
avoidable shortness of the collimator the lines in a broad
spectrum are slightly curved. From this cause the determina-
tion of the identity of lines in spectra which are in contact
merely is rendered more difficult, and it may be less trust-
worthy.,

The difficulties of observation which have been referred to
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for the passage of the pencils from the object-glass. By means
of this arrangement the spectrum of a star is seen accompanied
by two speetra of comparison, one appearing above and the other
below it. As the reflecting surfaces are about 05 inch from the
slit, and the rays from the spark are divergent, the light reflected
from the pieces of glass will have encroached upon the pencils
from the object-glass by the time they reach the slit, and the
upper and lower spectra of comparison will appear to overlap to
a small extent the spectrum formed by the light from the object-
glass, This condition of things is of great assistance to the eye
in forming a judgment as to the absolute coincidence or otherwise
of lines. For the purpose of avoiding some inconveniences
which would arise from glass of the ordinary thickness, pieces of
the thin glass used for the covers of microscopic objects were
carefully selected, and these were silvered by floating them upon
the surface of a silvering solution. In order to ensure that
the induetion spark should always preserve the same position
relatively to the mirror, a piece of sheet gutta-percha was fixed
above the silvered glass: in the plate of gutta-percha, at the
proper place, a small hole was made of about % inch in diameter.
The ebonite clamp containing the electrodes is so fixed as to
permit the point of separation of these to be adjusted exactly
over the small hole in the gutta percha. The adjustment of the
parts of the apparatus was made by closing the end of the
adapting tube, by which the apparatus is attached to the tele-
scope, with a diaphragm with a small central hole, before which
a spirit-lamp was placed. When the lines from the induetion
spark, in the two spectra of comparison, were seen to overlap
exactly, for a short distance, the lines of sodium from the light
of the lamp, the adjustment was considered perfect. The
accuracy of adjustment has been confirmed by the exact coinei-
dence of the three lines of magnesium with the component lines
of & in the spectrum of the moon.

In some cases the spectra produced by the spark are incon-
veniently bright for comparison with those of the stars and
nebule. If the spark is reduced in power below a certain point,
many of the lines are not then well developed. The plan,
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lines, which agrees in position in the spectrum with the brightest
of the lines of the spectrum of nitrogen, is present in all the
nebule which give a spectrum indicative of gaseity. It is a
suggestive fact that should not be overlooked, that in no nebula
which has a spectrum of bright lines has any additional line
been observed on the less refrangible and brighter side of the
line common to all the gaseous nebule.

The faint continuous spectrum, which in some cases is also
seen, has been traced in certain nebul@, by its breadth, to a
distinet brighter portion of the nebula which it is convenient
still to distinguish by the term ‘“nucleus,” though at present we
know nothing of the true relation of the bright points of the
nebule to the more diffused surrounding portions,

It must not be forgotten that when gases are rendered
luminous there may usually be detected a faintly luminous con-
tinuous spectrum. In the case of several of the nebulwe, such
as the annular nebula of Lyra and the Dumb-bell nebula, no
existence of even a faint continuous spectrum has been yet
certainly detected.

The determination of the position in the spectrum of the three
bright lines was obtained by simultaneous comparison with the
lines of hydrogen, nitrogen, and barinm. The instrument which
I employed had two prisms, each with a refracting angle of 607,
and the positions of the lines were trustworthy within the limits
of about the breadth of the double line p.

The objeets which I proposed to myself, in attempting a re-
examination of some of the nebule with the large instrument
described in this paper, were to determine, first, whether any of
the nebule were possessed of a motion which could be detected
by a change of refrangibility ; secondly, whether the coincidence
which had been observed of the first and the third line with a
line of hydrogen and a line of nitrogen would be found to hold
good when subjected to the test of a spreading out of the spec-
trum three or four times greater than that under which the
former observations were made. It would not, it seemed, be
difficult, in the case of the detection of a want of coincidence, to
separate the effects of the two distinct sources referred to, from
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broader in consequence of irradiation, and it was much brighter
than the line in the nebula.

The following observations are suggestive in connexion with
the point under consideration. Electrodes of platinum were
placed before the object-glass in the direction of a diameter, so
that the spark was as nearly as possible before the centre of the
lens. The spark was taken in air. I expected to find the spec-
trum faint, for the reasons which have been stated in a previous
paragraph ; but I was surprised to find that only one line was
visible in the large spectroscope when adapted to the eye end of
the telescope. This line was the one which agrees in position
with the line in the nebula ; so that under these circumstances
the spectrum of nitrogen appeared precisely similar to the spectra
of those nebulae of which the light is apparently monochromatic.
This resemblance was made more complete by the faintness of
the line; from which cause it appeared much narrower, and the
separate existence of its two components could no longer be
detected. When this line was ebserved simultaneously with
that in the nebula, it was found te appear but a very little
broader than that line. When the battery eircuit was com-
pleted, the line from the spark coincided so accurately in position
with the nebular line that the effect to the eye was as if a sudden
increase of brightness in the line of the nebula had taken place.
In order to make this observation, and to compare the relative
appearance of the lines, the telescope was moved so that the
light from the nebula occupied the lower half only of the slit.
The line of the spark was now seen to be a very little broader
than the line of the nebula, and appeared as a continuation of it
in an unbroken straight line. These observations were repeated
many times on several nights,

An apparent want of coincidence, which would be represented
by 002 division of the head of the micrometer serew, would be
about the smallest difference that could be observed under the cir-
cumstances under which these observations were made. At the
part of the spectrum where this line of nitrogen occurs the angular
interval measured by ‘02 division of the micrometer corresponds
to a difference of wave-length of ‘0460 millionth of a millimetre.
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In my Tables of the lines of the air! I estimated the bright-
ness of each of the components of the double line in the
spectrum of nitrogen at 10, and the components of the double
line next in brightness in the orange at 7 and 5, and those of a
third double line on the less refrangible side of D at 6 and 4.
It was with reference to these two double lines next in apparent
brilliancy that I wrote,® in speaking of the line in the nebula,
“If, however, this line were due to nitrogen, we ought to see
other lines as well ; for there are specially two strong double lines
in the spectrum of nitrogen, one at least of which, if they existed
in the light of the nebule, would be easily visible.”

As the disappearance of the whole spectrum of nitrogen, with
the exception of the one double line, was unexpected, though,
indeed, in accordance with my previous estimations, I examined
the spectrum of nitrogen with a spectroscope furnished with one
prisin with a refracting angle of 607, in which the whole of the
spectrum from ¢ to G iz included in the field of view. I then
moved between the eye and the little telescope of the spectro-
scope a wedge of neutral-tint glass corrected for refraction by an
inverted similar wedge of erown glass, and which I had found
to be sensibly equal in absorbing power on the different parts
of the visible speetrum. As the darker part of the wedge was
brought before the eye, the two groups in the orange were quite
extinguished, while the lines in the green still remained of con-
siderable brightness. The line which under these circumstances
remained longest visible, next to the brightest line, was one more
refrangible at 2669 of the scale of my map. This observation
was made with a narrow slit. When the induction spark was
looked at from a distance of some feet with a direct-vision prism
held close to the eye, I was surprised to observe that the double
line in the orange appeared to me to be the brightest in the
spectrum ; and when the neutral-tint wedge was interposed, this
line in the orange remained alone visible, all the other lines
being extinguished.

When, however, in place of the simple prism a small direct-
vision spectroscope provided with a slit was employed, I found

! Phil. Trans. 1864, p. 141. * Thid. p. 443,
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I now pass to observations of the third line of the nebular
spectrum, the one which I found to coincide with the line of
hydrogen which corresponds to Fraunhofer's 7. The substance
in the nebulse which is indicated by this line appears to be sub-
ject to much greater variation in relative brilliancy, or to be more
affected by the conditions under which it emits light ; for while
the brightest line is always present, the line of which I am
speaking seems to be wholly wanting in some nebul, and to be
of different degrees of relative brightness in some other nehulz,

In the nebula of Orion this line is relatively stronger than in
37 H. IV, Draconis, and some other nebule, I have suspected
that the relative brightness of this line varies slightly in different
parts of this nebula, It may be estimated perhaps in the nebula
of Orion at about the brightness of the second line. The second
line suffers in apparent brilliancy from its nearness to the
brightest line, and may, without due regard to this circumstance,
be estimated as brighter than the third line.

In order to compare the position of the line with that of the
corresponding line in the spectrum of hydrogen, I employed a
vacuum-tube containing hydrogen at a very small tension, which
was placed before the object-glass of the telescope. Under
these conditions the line appears narrow when the slit is narrow,
without any sensible nebulosity at the edges. The character of
the line is altered, as has been shown by Pliicker, when hydrogen
at the atmospheric pressure is employed: the line then expands
into a nebulous band of considerable width, even with a very
narrow slit. Such a condition of the line is obviously unsuitable
for the delicate comparisons which it was proposed to attempt,

The narrow, sharply-defined line of hydrogen, when the
vacuum-tube was before the slit, was observed to coincide per-
fectly in position with the third line of the nebula. This
observation, which shows the coincidence of these lines with an
accuracy three or four times as great as my former observations,
increases in the same ratio the probability that the line in the
nebula is really due to luminous hydrogen,

I suspect that, although the third line in this nebula may
impress the eye as strongly as the second line, yet it is not so

U
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place a very few of the most trustworthy of the observations
which T have made.

Sirius—The brilliant light of this star and the frren.l; intensity
of the four strong lines of its spectrum make it especially
suitable for such an examination. The low altitude of this star
in our latitude limits the period in which it can be successfully
observed to about one hour on each side of the meridian.

I have confined myself to comparisons of the strong line in
the position of ¥ with the corresponding line of the spectrum
of hydrogen. My first trials were made with hydrogen at the
ordinary atmospheric pressure: the width of the band of
hydrogen, under these circumstances, was greater than the line
of Sirius. This line in Sirius, from some cause, is narrower
relatively to the length of the spectrum, when considerable
dispersion and a narrow slit are employed, than when the image
of the star, rendered linear by a cylindrical lens, is observed with
a single prism.? (See Fig. 71, p. 256.)

‘When the large spectroscope was employed, 1 estimated the
‘breadth of the line to be about equal to that of the double line
D. In Kirchhoff’s map the line F of the solar spectrum is
represented as a little more than one-fourth of the interval
separating the lines 0. When the spectroscope attached to the
telescope was directed to the moon, the line F appeared even
narrower than it is represented in Kirchhoff’s map ; I estimated
it at about one-sixth of the apparent breadth of the corvesponding
line in the spectrum of Sirius. The character of the line agrees
precisely with the line of hydrogen under certain conditions of
tension and temperature.

As it was obviously impossible to determine with the required

~accuracy the coincidence of the line of Sirius when the much
broader band of hydrogen at the ordinary pressure was compared
with it, I employed a vacuum-tube fixed before the object-glass.
In all these observations the slit used was as narrow as possible.
The air at the time of the present observations was more
favourable than usual, and the line in Sirius was seen with great
distinctness. The line from the spark appeared, in comparison,
1 See Phil. Trans, 1864, p. 42.
U 2
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ment that this line of hydrogen, when it becomes broad, expands
equally in both directions. I made the comparisons of the
narrow line of the vacuum-tube with the more expanded band
which appears when denser hydrogen is employed. For this
purpose the intersection of the wires of the eyepiece was brought,
as nearly as could be estimated, upon the middle of the expanded
line which is produced by dense hydrogen, The vacuum-tube
was then arranged before the slit, when the narrow line which it
gives was observed to fall exactly upon the point of intersection
of the wire, TUnder these terrestrial conditions the expansion of
the line may be considered to take place to an equal amount in
both directions. There is very great probability that a similar
equal expansion takes place under the conditions which determine
the absorption of light by this gas in the atmosphere of Sirius,
for the reason that the nebulosity at the edges of the line in the
spectrum of that star is sensibly equal on both sides,

I made some attempts to compare the strong line at ¢ with
the corresponding line of hydrogen; but when the large spec-
troscope was employed, though the lines could be seen with
tolerable distinetness, they were not bright enough to admit of
a trustworthy determination of their relative position, When
one of the compound prisms was removed, the lines were much
more easily seen, but under these circumstances the amount
of dispersion was insufficient for my present purpose.

The lines of Sirius which, in conjunction with Dr. Miller, I
had compared with those of iron, magnesium, and sodium, are
not sufficiently well seen in our latitude for comparison when a
powerful train of prisms is employed, such as is necessary for
this special inquiry.

From these observations it may, I think, be concluded that the
substance in Sirius which produces the strong lines is really
hydrogen, as was stated by Dr. Miller and myself in our former
paper, Further, that the aggregate result of the motions of the
star and the eath in space, at the time when the observations
were made, was to degrade the refrangibility of the line in Sirius
by an amount corresponding to 0:040 of the micrometer screw.
Now the value of the wave-lengths of 0-01 division of the
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That part of the earth’s resolved motion which is in the
direction of the visual ray, and which has alone to be considered
in this investigation, may be obtained from the following
formula :

Earth's motion towards star = ». cos A. sin ({—1'),
where v is earth’s velocity, / the earth’s longitude, ' the star’s
longitude, and A the star’s latitude.

At the time when the estimate of the amount of alteration of
period of the line in Sirius was made the earth was moving
from the star with a velocity of about twelve miles per second.

There remains unaccounted for a motion of recession from the
earth amounting to 294 miles per second, which we appear to be
entitled to atiribute fo Sirius. :

It may be not unnecessary to state that the solar motion in
space, if accepted as a fact, will not materially affect this result,
since, according to M. Otto Struve’s calculations, the advance of
the sun in space takes place with a velocity but little greater
than one-fourth of the earth’s motion in its orbit. If the apex
of the solar motion be situated in Hercules, nearly the whole of
it will be from Sirius, and will therefore diminish the velocity
to be aseribed to that star

It is interesting, in connexion with the motion of Sirius
‘deduced from these prismatic observations, to refer to the
remarkable inequalities which occur in the rather large proper
motion of that star. In 1851 M. Peters! showed that the
variable part of the proper motion of Sirius in right ascension
might be represented by supposing that Sirius revolves in an
elliptic orbit, round some centre of gravity without itself, in a
period of 50:093 years. This hypothesis has acquired new
interest, and seems indeed to have received confirmation from
direct observation by Alvan Clark’s discovery of a small
companion to Sirius.

Professor Safford? and Dr. Auwers® have investigated the

1 Astron. Nachrichten, No, 748.
* Proceedings of the American Academy, vol. vi. ; also Astron, Notices, Ann
Arbor, No. 28; Monthly Notices, vol. xxii. p. 145,

® Astron. Nachrichten, No. 1506 ; Monthly Notices, vol. xxii. p. 148, and vol.
xxv. p. 30
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If the radius of the earth's orbit be taken at its new value of
91,600,000 miles, the assumed annual constant proper motion
in N.PD. of 124 would indicate, with the parallax of
Henderson, a velocity of Sirius of twenty-four miles nearly per
second ; with the larger parallax of Mr. Abbe, a velocity of 43-2
miles per second. It may be that in the case of Sirius we have
two distinet motions; one peculiar to the star, and a second
motion which it may share in common with a system of which
it may form a part.

Observations and comparisons, similar to those on Sirius, have
been made on a Canis Minoris, Castor, Betelgeux, Aldebaran,
and some other stars. I reserve for the present the results
which I have obtained, as I desire to submit these objects to a
re-examination. It is seldom that the air is sufficiently favourable
for the successful prosecution of this very delicate research. . .

§ VI. Observations of Comet 11, 1568,

On June 13 a comet was discovered by Dr. Winnecke, and
also independently the same night by M. Becquet, Assistant
Astronomer at the Observatory of Marseilles,

1 was prevented by buildings existing near my observatory
from making observations of this comet before June 22, On
that evening the comet was much brighter than Brorsen’s comet,
a description of the speetrum of which I recently presented to
the Royal Society,! and it gave a spectrum sufficiently distinct
for measurement and comparison with the spectra of terrestrial
substances.

Telescopic Appearance of the Comet,—A representation of the
comet as it appeared on June 22 at 11 p. is given in Fig.
69, p. 252. The comet consisted of a nearly eircular coma,
which became rather suddenly brighter towards the centre,
where there was a nearly round spot of light. The diameter of
the coma, including the exterior faint nebulosity, was about
6" 20°. The tail, which was traced for more than a degree, was
sharply defined on the following edge, but faded so gradually

1 Proc. Roy. Soc. vol. xvi. p. 886.
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coma was visible only at the brightest side of the band. . Since
in the least refrangible band a similar gradation of light did
not take place, this band appeared of nearly the same width
throughout.

The increasing brightness of the coma up to the brilliant sput
in the centre showed itself in this band as a bright axial line
fading off gradually in both directions. ;

On this evening I took repeated measures of the positions of
these bands with the micrometer attached to the spectroscope.
These measures give the following numbers for the commence-
ment and termination of the t-h‘I'EE bands on the scale adopted in
the diagram :—

1094, 1298, 1589,
First band { 1Jg"  Second band { I Third band { 1200

I could not resolve the bands into lines. When the slit
was made narrower, the bands became smaller both in breadth
and length, from the invisibility of the fainter portions. T
suspected, however, the presence of two or three bright lines in
the bright central part of the middle band near its less refran-
gible limit. This part would consist chiefly of light from the
bright central spot.

As has been stated, the middle band commences probably with
a bright line ; for the limit of the band is here abrupt and dis-
tinet. On the contrary, the exact point of commencement and
termination of the other bands could not be observed with
certainty. :

I could perce.we no other bauds, nor light of any kind beyond
the three bands, in the parts of the spectrum towards the red
and the violet. _

_ When the marginal portions of the coma were brought upon
the-slit, the three bands of light eould still be traced. When,
however, the spectrum became very faint, it appeared to me to
become continuous ; but the light was then so very feeble that
it could not be traced beyond the three bands towards the violet
or the red. |

On this evening I observed the spectrum of the comet in a
larger spectroscope, which gives a dispersion equal to about five
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measured in 1864, On comparing the spectrum of the comet
with the diagram of these spectra of carbon, I was much inter-
ested to perceive that the positions of the bands in the spectrum,
as well as their general characters and relative brightness, agreed
exactly with the spectrum of carbon when the spark is faken in
olefiant gas.

These observations on the spectrum of carbon were under-
taken in continuation of my researches “ On the Spectra of the
Chemical Elements.”* I have not presented them to the Royal
Society, as they are not so complete as I hope to make them.

Though the essential features of the spectrum of carbon
remained unchanged in all the experiments, certain modifications
were observed when the spectrum was obtained under different
conditions. One of those modifications, which was referred
to in my paper “ On the Spectra of the Chemical Elements,”*
may be mentioned here. One of the strongest of the lines of
carbon is a line in the red a little less refrangible than the
hydrogen line, which corresponds to Fraunhofer's c. Now this
line is not seen when the carbon is subjected to the induction
spark in the presence of hydrogen. Two of the other modifica-
tions of the spectrum of ecarbon are given in Fig. 68. The first
spectrum represents the appearance of the spectrum of carbon
when the induction spark, with Leyden jars intercalated, was
taken between the points of wires of platinum sealed in glass
tubes, and placed almostin contact in olive-oil. In this spectrum
are seen the principal strong lines which distinguish carbon. The
shading of fine lines which accompanies the strong lines eannot
be accurately represented, on account of the small size of the
diagram. A spectrum essentially the same is produced when
the spark is taken in a current of cyanogen. It may be
mentioned that when the heating power of the spark was
reduced below a certain limit, though the decomposition of the
oil still took place, the carbon was not volatilized, and the
spectrum was continuous.

The third spectrum in the diagram represents the modification
of this typical spectrum when the induction spark is taken in

1 Phil. Trans, 1864, p. 139. # Ibid. p. 145.
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sponding band in the spectrum of the spark. As this limift of
the band was well defined in both spectra, the coincidence could
be satisfactorily observed up to the power of the spectroscope,
and may be considered to be determined within about the
distance which separates the components of the double line D.
As the limits of the other bands were less distinctly seen, the
same amount of certainty of exact coincidence could not be
obtained. We considered these bands to agree precisely in
position with the bands corresponding to them in the spectrum
of the spark.

The apparent identity of the spectrum of the comet with that
of carbon rests not only on the coincidence of position in the
spectrum of the bands, but also upon the very remarkable
resemblance of the corresponding bands in their general charac-
ters, and in their relative brightness. This is very noticeable in
the middle band, where the gradation of t.ll‘i.‘_.{lliili‘rdﬁ is not
uniform. This band in ‘both spectra remained of nearly equal
brightness for the same proportion of its length.

Ou a subsequent evening, June 25, I repeated these com-
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The observations of the spectrum of Comet II. contained in
this paper, which show that its light was identical with that
emitted by highly-heated vapour of carbon, appear to be almost
decisive of the nature of cometary light. The great fixity of
carbon secems indeed to raise some difficulty in the way of
accepting the apparently obvious inference of these prismatic
observations. Some comets have approached the sun sufficiently
near to acquire a temperature high enough to convert even car-
bon into vapour.! Indeed for these comets a body of great fixity
seems to be necessary. In the case of comets which have been
submitted to a less fierce glare of solar heat, it may be suggested
that this supposed difficulty is one of degree only ; for we do not
know of any conditions under which even a gas, permanent at
the temperature of the earth, conld maintain sufficient heat to
emit light, a state of things which appears to exist permanently
in the case of the gaseous nebule,

If the substance of the comet be taken to be pure carbon, it
would appear probable that the nucleus had been condensed from
the gaseous state in which it existed at some former period. Tt
would therefore probably consist of earbon in a state of ex-
cessively minute division. In such a form it would be able to
take in nearly the whole of the sun’s energy, and thus acquire
more speedily a temperature high enough for its conversion into
vapour. In the liquid or gaseous state, or in a continuous solid
state, this substance appears, from Dr. Tyndall’s researches, to be
diathermanous.  Still, under the most favourable of known
conditions, the solar heat, to which the majority of comets are
subjected, would seem to be inadequate to the production of
luminous vapour of carbon.

It should be stated that olefiant gas when burnt in air may
give a similar spectrum of shaded bands. If the gas be ignited

! The comet of 1843 “approached the luminous surface of the sun within abont
a seventh part of the sun's radius. The heat to which the comet was subjected
(a glare as that of 47,000 suns, such as we experience the warmth of) surpassed
that in the foeus of Parker’s great lens in the proportion of 244 to 1 without, or
3} to 1 with, the concentrating lens. Yet that lens so used melted cornelian,
agate, and rock-erystal.”"—8in Joux Herscagn, Ouwtlines of Asironsmy, Tth
edit. p. 401.

X
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very small power of reflexion which the matter of the coma of
this comet possessed, as was shown by the great faintness of the
continuous spectrum.

A remarkable circumstance connected with comets is the
great transparency of the bright cometary matter. The most
remarkable instance is that of Miss Mitchell's comet in 1847,
which passed centrally over a star of the fifth magnitude. “The
star’s light appeared in no way enfeebled : yet such a star would
be completely obliterated by a moderate fog extending a few
yards from the surface of the earth”! We do not know what
amount of transparency is possessed by the vapour of carbon,
but the absence of a continuous spectrum seems to show that, as
it existed in the comet, it was almost perfectly transparent. The
light of a star would suffer, therefore, only that kind and degree
of absorption which corresponds with its power of radiation, as
shown by its spectrum of bright lines. As these occur in the
brightest part of the spectrum, we should expect a noticeable
diminution of the star’s light, if it were not for the lominous
condition of the gas, in consequence of which it would give back
to the beam light of precisely the same refrangibilities as it had
taken, and so enable the part of the field occupied by the image
of the star to appear of its original brightness, or nearly so.
This state of things would not prevent an apparent diminution
of the star’s light from the effect upon the eye of the brightness
of the surrounding field. In the case of the tails of comets, the
great transparency observed is more probably to be referred to
the widely-scattered condition of the minute particles of the
cometary matter.

I may be permitted to repeat here a paragraph from my paper
on the Spectrum of Comet I. 18662

“Terrestrial phenomena would suggest that the parts of a
comet which are bright by reflecting the sun’s light are probably
in the condition of fog or cloud.

“We know, from observation, that the come and tails of
comets are formed from the matter contained in the nucleus.®

1 Outlines of Astronomy, p. 873. * Proe. Roy. Soe. vol. xv. p. 5.

# The head of Halley’s comet in 1835 in a telescope of great power * exhibited

x 2
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sich wie eine kleine, etwas ins gelbliche spielende, glithende
Kohle von linglicher Form.”! Dr. Winnecke describes similar
colours in the bright Comet of 1862. “Die Farbe des Strahls
erscheint mir gelbréthlich ; die des umgebenden Nebels (viel-
leicht aus Contrast) mattbliulich.” “Die Farbe der Ausstromung
erscheint mir gelblich; die Coma hat bliuliches Licht.”*

Now carbon, if incandescent in the solid state, or reflecting,
when in a condition of minute division, the light of the sum,
would afford a light which, in comparison with that emitted by
the luminous vapour of carbon, would appear as yellowish or
approaching to red.

The views of comets presented in this paper do not, however,
afford any clue to the great mystery which swrrounds the
enormous rapidity with which the tail is often projected to
immense distances. There are not any known properties peculiar
to carbon, even when in a condition of extremely minute division,
which would help to a solution of the enigma of the violent
repulsive power from the sun which appears to be exerted upon
cometary matter shortly after its expulsion from the nucleus,
and upon matter in this condition only. It may be that this
apparent repulsion takes place at the time of the condensation
of the gaseous matter of the coma into the excessively minute
solid particles of which the tail probably consists, There is a
phenomenon oceasionally seen which must not be passed without
notice, namely, the formation of faint narrow rays of light, or
secondary tails, which start off usnally from the brightest side of
the principal tail, not far from the head. Sir John Herschel®
considers that “ they clearly indicate an analysis of the cometic
matter by the sun's repulsive action, the matter of the secondary
tails being darted off with incomparably greater velocity (indi-
cating an incomparably greater intensity of repulsive energy)
than that which went to form the primary one.” The important
differences which exist between the spectrum of Brorsen’s comet

I Beobachtungen des Halleyschen Cometen, 8, 41.

* Mémoires de 1'Académie Impériale des Sciences de St. P'étersbourg, tome vii.
No. V.
¥ Familinr Lectures on Scientific Subjects, p. 124,
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