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THE SPECTROSCOPE.

As several wonderful discoveries have lately been made in
astronomy by means of the spectroscope, an accr ut of this instru-
ment and of its applications will not be withou: interest.

Since an early period in the history of chemistry, it has
been known that the different alkalies and alkaline earths can be

"~ distinguished by the different colorations which they give to the
flame of alcohol. Soda turns the flame yellow, potassa violet,
lithia crimson, strontia crimson, lime orange, and baryta green.
Magnesia does not color the flame. Many years ago, Sir John
Herschel and others experimented upon these lights with a prism.
It is well known that when a ray of light from the sun o6r a lamp,
after passing through a narrow slit, is refracted in a direction
perpendicular to the slit, it is not all equally bent, but that
part is bent less and part more, so that the light is dispersed
and spread out into a rainbow-colored spectrum. The red light is
the least refracted, and the violet 1light the most. This experi-
ment is’ a part of the proof that white light is composed of red,
yellow,  green, blue, indigo, and violet. Now, when Herschel and
other investigators passed the light from the alcohol flame,
colored by alkalies, through a slit and a prism in the same way,
they found that the light was not spread out into a continuous
spectrum from red to violet. The yellow light -derived from soda
was not dispersed at all, but was all equally refrangible. Such
light is called monochromatic, or single-colored, because it is
not composed of light of different colors; and in a room illumi-
nated by such light it is impossible to distinguish colors in the
least degree; but objects which by daylight present the strongest
contrasts in colors, by such a light are precisely alike in that
respect. In the case of the other substances the spectrum is not
.reduced to a single line, nor is it continuous, but it consists
of several narrow lines of different colors, separated by black
‘spaces. These were the first chemical experiments with the spec-
troscope; they did not immediately lead to any great discoveries,
on account of the imperfect methods in which 'further investigations
were conducted. ‘ :

Accordingly, this instrument never attracted much attention
until 1860, when the.researches of Kirchhoff and Bunsen were pub-
lished. From this time may almost be dated a new era in chemistry
and astronomy. Kirchhoff was a young physicist, little known be-
fore; Bunsen, an eminent chemist. The flame they made use of was
that of the Bunsen gas-burner, which is much better suited to
spectroscopic work than that of alcohol, both on account of its
greater heat and also from its freedom from sodium and other im-~
purities, which impart a color to the flame. : They proved, in a




more rigorous manner than former experimenters had done, that the
"lines of the spectrum depend solely on the constituents of the
- flame, and not upon its temperature. They also showed the extreme
delicacy of spectroscope-test in many cases. A platinum wire,
which has been cleaned by being kept at a white heat until all
that could be volatilized in the flame has been driven off, if
after cooling it is passed once through the fingers or any cloth,
or even is allowed to remain untouched for some time, will, when
put into the flame, impart to it the pure yellow light which is
Acharacferistic of sodium. “This shows that there is common salt
floating about in the air of all our houses, and resting upon .
everything,~--a fact quite unsuspected before. '

But what drew the most particular attention to these research-
es was the discovery by Bunsen, by means of the spectroscope, of

two new metals. For many years no new elements had been discovered,

but, on the contrary, great doubt existed as to the existence of
those last added to the list,--pelopium, norium, and terbium. The
establishment of the existence.of another element was regarded as
a labor of many years; yet in one year rubidium and ceesium, the
metals discovered by Bunsen, were better understood in their chemi-
cal relations than a dozen others. The reason of this was that the
 spectroscope afforded a means of securing the purity of the new
substances, which is always the most.difficult part of such inves-
tigations. Furthermore, the small proportion (about 1-50000th of
one per cent) in which the new elements occurred in the mineral
water in which they were found made their discovery very surprising.
Of course, all thig créated a great sensation in the scientific
~world, and the speckroscope was soon found in every laboratory. Two
other metals, thallium and indium, have since been discovered by
means of it; with the same circumstances of being found in ex-’

tremely small proportions, and of becoming quickly very well under- -

stood. But the chemical discoveries of the spectroscope were soon
to be outdone by its performances in the realm of astronomy.

The optician Fraunhofer, in 1814, upon observing the spectrum
of the sun with a carefully constructed spectroscope, had observed
that it was crossed everywhere with very fine black lines, irre-
gularly distributed, of which he mapped some six hundred. It had
been asserted that the most conspicupus of these lines, called b,
corresponded in position with the yellow line of sodium. Kirchhoff
found that this was precisely true, and demonstrated by a long
mathematical process.that, in general, a body cannot. be transparent
to the .same rays as those with which it shines. Consequently, the
precise coincidence of the yellow sodium line and the line D of the.
sun's spectrum could be accounted for by supposing that incandescent
sodium vapor existed in the atmosphere of the sun, which absorbed
this yellow part of the light emitted from the”solid sun beneath.

In order to obtain the spectra of the heavier metals they were
made the electrodes of a Ruhmkorf coil, whereby a heavy electric
spark was made to pass from one piece of such metal to another.
This spark gives the spectrum of the metal in the greatest perfec-
tion. By comparing the spectra of the metals thus obtained with
the solar spectrum, fourteen of them have been detected in the
solar atmosphere, which also contains hydrogen.
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Fraunhofer had remarked that the lines in the spectra of
several fixed stars were not the same with those in the spectrum
of the solar light. As soon, therefore, as the cause of these
lines became known, several observers began to study the spectra
of the stars. Only a few of the stars have been subjected to a
thorough examination. In Aldebaran have been found hydrogen,
sodium, magnesium, calcium, iron, bismuth, antimony, tellurium,
and mercury. In Betelgeux (a Orionis) have been found sodium,
magnesium, calcium, iron, and bismuth. Both of these are red
stars. The white stars, such as Sirius gn@ Wega, have much fewer
and fainter lines. Betelgeux shows some singular shaded bands
besides its lines. It is a variable star, and the same bands are
shown by several other variables. This circumstance does not

. afford us an explanation of the variability of stars, but it is

supposed that it is owing to a phenomenon like that of sun-spots
on a much more exaggerated scale. The sun-spots increase in
number for five and a half years, and then diminish for five and
a half years. * ' :

We are still far from being able to explain the solar spots,
and the periodicity of their frequency. But the beginning of an
explanation seems to have been made by Mr. Lockyer by means of
the spectroscope. Among other points observed by him is a thick-
ening of some of the dark lines in a spot, and this effect would
be produced by a greater atmospheric pressure in the spot. He
regards a spot as the seat of a down-rush in the atmosphere of-
the sun. _

The variety of information afforded by the spectroscope is
illustrated by an observation made some time ago by Mr. Huggins.
He found that the lines in Sirius (or at least one of them) were
displaced; and this displacement is explicable by supposing that
Sirius is moving away from our sun with a velocity-equal to four
times the velocity of the earth in its orbit. Similar displace-
ments have been observed by Mr. Lockyér in some lines in the solar
spectrum, and are explained by the supposition of currents in the
solar atmosphere. N

The nebulas also have been subjected to spectroscopic exami-
nation, and have been found to be of two distinct kinds. The '
shapeless ones, the "rays," round nebulosities about stars, and
the great nebula in Andromeda, show extremely faint continuous
spectra, which probably show that-these nebulas are really clus-
ters of stars. On the other hand, those which have the form of
rings, spirals, and disks, together with the great nebula in
Orion, have spectra which consists of one, two, three, or four

_ bright lines, and therefore are certainly gaseous. Several of

these, however, show a faint continuous spectrum in addition to
their gas-lines. There is little or no reason for thinking that
any of these distant gases are such as are known to us on earth,,
and some of them are certainly different from any that we know.

E Since the application of the spectroscope to astronomy no
great comet has appeared; but several minute faint and tailless
telescopic objects moving in eccentric orbits about the sun have
been examined. These have all shown a gaseous spectrum, the. gas
in two.cases'c¢ontaining carbon, and in another showing a line
apparently cdincident with one of the nebula-lines., -
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the aurora borealis has often been examined,
It is not always the same, but it usually shows a greenish-yellow
bright line. In addition to this, six other lines or bands have
‘been seen in this spectrum at the Observatory of Harvard College,
All this indicates that the luminous substance is some gas un-
known to chemists. The aurora is cornected with the earth, but
is above the ordinary atmosphere. This gag must, therefore, be
very light to extend up so. high, but by the laws of gaseous dif- "
fusion it must reach down to:the surface of the earth. Owing to
‘@ law of chemistry, called the law of vapor-volumes, a very light
gas enters into combination in very small proportions, and it is
by no means improbable that the small proportions.in which this

gas exists in its compounds may account for its not having been
discovered by the chemists. :

The spectrum of

"4

&

s

THE ATLANTIC ALMANAC FOR 1870.

D

THE SPECTROSCOPE.

flame of alcohol,

Magnesia does not color the flame.

green, blue, indigo, and violet,

fed to violet.  The yel
persed at all, but was.all cqually refrangible.

AT pp—

chemistry and astronomy.

driven off, if after coolin
any cloth, or even is allowed to remain untouch

which is characteristic of sodium.

upon everything, —

of two new metals.

- existence of those last added to the

most difficult partof such investizations.

mude their discovery very surprising.

soon found in every laboratory.

by its performances in the realm of astronomy.

distributed, of which he map

As several wonderful discoveries have lately been made in as-
tronomy by means of the spectroscope, an acecount of this instru-
ment and of its applications will not be without intcrest.

Since an carly period in the history of chemistry, it has been |
Known that the different alkalies and alkaline earths can be dis-
tinguished by the different colorations ‘which they give to the
Soda turns the: flume yellow, potassa violet,
lithia crimson, strontia crimson, lime orange, and baryta green.
Many years ago,” Sir John
Hersehel and others experimented upon these lights with a prism.
It is well known that when a ray of light from the'sun or a’lamp,
after passing through a narrow slit, is refracted in a dircction
}.orpcndiculz‘lr to theslit, it is not all cqually bent,
15 lent less and part more, so that the light is dispersed and
spread out into a rainbow-colored speetrum.  The red lightis the
least refracted, and the violet light the most. This experiment
is a part of the proof that white light is composed of red, vellow,
Now, when Herschel and other
investizators passed the light from the aleohol flame, colored by
alkalies, through a slit and a prism in the same way, they found
that the lizht was not spread out into a continuous spectrum from

{:JW light derived from soda was not dis-
Such Jight is called
monochromatie, or single-colored, beeause it is not composed of
lieht of different colors; and in a room illuminated by such light
it is impossible to distinguish colors in the least degree ; but objects
which by daylight present the strongest contrasts in colors, by
such a light,are preciscly alike in that respect.  In the case of
the other substances the spectram is not 1educed to a single ling,
nor is it continuous, but it consists of -several narrow lipes of
ditierent colors, separated by black spaces. These were the first
chemical experiments with the spectroscope; they did not imme-
diately Jead to any great discoveries, on account of the imperfect
methods in which further investigations were conducted.

Accordingly, this instrument never attracted much attention
until 1860, when the researches of Kirchhoff and Bunsen were
published. From this time may almost be dated & new ers in
Kirchhoff was a young hysicist,
little known before; Bunsen, an cminent chemist.
they made use of was that of the Bunsen gas-burner, which is
much better sited to spectroscopic work than that
botl on account of its greater heat and also from its freedom from
godiura and other impuritics, which impart o color to the flame.
They proved, in ajmore rigorous manner than former experimenters
liad donge, that the lines of the speetram depend solely on the con-
stituents of the flame, and not upon its temperature.
showed the extreme delicacy of spectroscope-test in m
A platinum wire, which ha$ been cleaned by being kept
i beat until all that could be volatilized in the flame has been
g it is passed once through the fingers or
ed for some time,
will, when put into the flame, impart to it the pure yellow light
This shows that there is com-
mon salt floating about in the air of all our houses, and resti

a fact quite unsuspected before.

But what drew the most particular attention to these research-
€s was the discovery by Bunsen, by means of the spectroscope,
For many years no new clements had been

discovered, but, on the contrary, great doubt existed as to the
list, — pelopium, norium, and
terbium. The establishient of the existence of avother element
was regarded as a labor of many years ; yet in one year
rubidium and cesium, the metals discovered by Bunsen, were
better understood in their chemical'relations thar a dozen others.
% The reason of this was that the spectroscopg afforded a means of
seeuring the purity of the new substanced, which is always the
Furthermore, the small
proportion {about 1-50000th of one per cent) in which the new
clements oceurred in the mineral water in which they were found-
) Of course, all this ereated
& prreat sensation in' the scientific world, and the spectroscope was
Two other metals, thallium
and indjum, have since been discovered by means of it; with the
same circumstances of being found in extremely small propor-
tivns, and of becoming quickly very well understood,
chiemiea] discoveries of the Bpectroscope were soon t

‘Lhe optician Fraunhofer, in 1814, upon observing the spectrum
of the sun with g carefully construeted spectroscope, had observed
that it was erossed cverywhere with very fine black lines, irregularly

some six hundred. It had been

ent to the same rays as

incandescent sodium va

solid sun benecath.

. In order to obtain the s
made the electrodes of a
spark was made to pass fr

Iy, the precise coincidence of the ¥
D of the sun’s spectrum could be

responded in ‘)o'éition with the yellow line of
found that this was precisely frue
mathematical process that, in general, a Lody cannot be transpar.
those with which it shines. Consequen;.

ellow sodium line and the lin,
accounted for by supposing thay
por existed in the atmosplicre of the sun,
which absorbed this yellow part of the light emitted from the

This spark gives the spectrum of the metal

fection.

By comparing the spectra of the metals thus obtaz}r)\eed
with the solar spectram, fourteen of them have been detected ip |
the solar atmosplere, which also contning hydrogen.

Fraunhofer had remarked that the lines in
fixed stars were not the same with those in
solar light.  As soon, therefore, as the cause
known, eeveral observers began to study the

Only a few of the stars
nation.

In Aldcbaran have been

nereury.  In Betelgenx (@ Orionis) have

magnesium, calcium, iron, and bismuth. Both of these are red

stars. The white stars, such as Sirius and Wega, bave much:
fewer and fainter Jines, Betelgeux shows some
bands besides its lines. Tt is a variable star, and the same band,
This circumstance does
ability of stars, but iy is |
ike that of sun-spots |’

are shown by several

half years.

We are still far from being able to ox

the periodicity of their
the spectroscope.
thickening of some of

of the sun.

have been observed by
solar atmosphere.
nation, and have been

spectra, which probably
of stars.  On the other

is little or no reason for
are siich as are known t

been examined. These

he spectrum of the

bright line,

unknown to chemists.

be very light to exten
diffusion it must reach d

asserted that tho most conspicuous of these lines, called D, cor-

not afiord us an cxplanution of the vari
supposed that it is owing to a phenomenon }
on 2 much more exaggerated scale. The
number for five and a half years, and then diminis

planation scems to hav

The variety of information afforded b
lustrated by an observation

spectrum, and are explained by

spirals, and disks," together with the fie
-spectra which consists of one,
therefore are certainly gascous.
fuint continuous spectrum in ad

03 In two cases’ containing carbon,
linc apparently coincident with one of

It is not always the same,

but is above the ordinnx;{'

to a law of chemistry, ealle
light gas enters into combin
it is by no means improbabl

this gas exists in its compounds may acco
been discovered by the chemists, Xn

other variables.

frequency.  But the

The nebulas also have been sabjected to spectroscopic exami- §
found to be of two distinet kinds. The |

shapeless ones, the “ rays,” round nebulositi

the great nebula in Androm

hand, those wl

o us on earth, and so

tainly:yificrent from any that we know. )
Sirie" the application of the Epectroscope to astronomy no AN
comet has appeared ; but several minute faint and tallless tel
scopic objects moving in cceentric orbits about the sun have .
Lave all shown & gascous spectrum, the
and in another showing s
the nebula-lines.
ra borealis hius often been examined.
but it usually shows a grccnish‘iyellow
u addition to this, six other lines or Lands }
been seen in this spectrum at the Observatory of Harvard Cok
lege. Al this indicates that the luminous substance is some e |
The aurora is connected with the carth,
atmosphere-  This gas must, thercfore,
up so0 high, but by tho laws of gascous
own to tho surface of tho carth, Owing.
d thie Jnw of vapor-volumes, 8 were.
ation in very small proportions, aud
e that the smnll proportions jn which

auro

the spectra of severy]
the spectrum of thy |.
of these lines became |
spectra of the stars. |-
have becn subjected to o thorongh exami. |
found hydrogen, sodinm, mag. |-
nesium, calcium, iron, bismuth, nntimong‘,- tellurium, ang
e

¢ been made by Mr, Lo
Among other po

y the s

explicable by supposing that |
with a velocity equal to four
Similar displacements {
Mr. Lockyer in some lines in the solar |, -
the supposition of currents in the }

cda, show extremely faint continuous.
show that these nebulasare really clastery |
iich have the form of rings, |
reat nebula in Orion, have..
two, three, or four bright lines, and.|
Several of these, Lotwever, show® ‘
dition to their gaslines. There
thinking that any of these distant gascs

v -'.
sodium. Kirchhog | -
, and demonstrated by a lonp,

in the greatest per.

n found sodium,

sUn-gpots increase in

bo{inning of an ex-

es about stars, and }

mo of them are cor- |.

iave,

=

t for its not having

wr

» .

T TR TR, T T YRV 3 P TS  TR TS TR T T

this effoct |

troscope s il- |:
made some time ago by Mr. Hugging, |.
He found that the lines in Sirius {or at least one of them) were |
displaced ; and this displacement is
Sirius is moving away from our sun
times the velocity of the carth in its orbit.

—

-

e o

singular shadeg |’

for five and s |,
plain the solar spots, ang !

I yer by means of | *
1ts observed by him is s,
the dark lines in a spot, an
would be produced by a greater atmospheric pressyre in the s

He regards a spot as the seat of a down-rush in the atmosphere

-

B

ectra of the heavier metals they were g
ubmkorf coil, whereby & heavy electrie
om one piece of such metal to another,




