THE OUTLINE OF SCIENCE

ASTRONOMICAL INSTRUMENTS

The instruments used in modern astronorhy
are amongst the finest triumphs of mechanical
skill in the world.  In a great modern
obscrvatory the different instruments
arc to be counted by the score, but

there are two which stand out pre-eminent as
the fundamental instruments of modern astro-
nomy. These instruments are the telescope and
the spectroscope, and without them astronomy,
as we know it, could not cxist.

There is still some dispute as to where and
when the first telescope was  constructed ;
as an astronomical instrument, however, it dates
from the tame of the great Itahan scientist,
Galileo, who, with a very small and smperfect
telescope of lus own invention, first observed
the spots on the sun, the mountains of the moon,
and the chicf four satcllites of Jupiter. A good
pair of modern binoculars is superior to this
carly instrument of Galilco's, and the history
of telescope construction, from that primitive
instrument to the modern giant recently erected
on Mount Wilson, California, is an exating
chapter in human progress. But the carly
instruments have only an lustoric interest:
the era of modern telescopes begins in the nine-
teenth century,

~ During the last century telescope construction
underwent  an  unprecedented  development.

An immense amount of interest was taken in

the construction of large telescopes, and the

differcnt countrnies of the world entered on an
exciting race to produce the most powerful
possible instruments.  Besides tlus nivalry of
different countnies there was a rivalry of methods.

The telescope developed along two different

lincs, and cach of these two types has its parti-
*sans at the present day.  These types are known

as refractors and refleclors, and 1t is nccessary
to mention, bricfly, the prinaiples employed in
cach. The refractor 1s the ordinary, famuhar

typeof telescope, It consists, essentially, of a

large lens at one ¢nd of a tube, and a small

lens, called the eye-picce, at the other. The

The
Telescope.

_function of the large lens is to act as a sort
of gigantic eye. It collects a large amount of
light, an amount proportional to s size, and
brings this hght to a focus witlun the tube of
the telescope. It thus produces a small but
bright image, and the eve-pucce magmifies this
image. In the reflector, instead of a large lens
at the top of the tube, a large mirter s placed at
the bottom.  This mirtor 15 so shaped as to
reflect the Light that falls onat to a focus, whence
the light is again led to an eye-picce.  Thus
the refractor and the reflector difier chuefly
n ther manner of gathenng hight.  The power-
fulncss of the tclescape depends on the size
of the hght-gatherer. A telescope with a lens
four nchies 1n diameter s four times as powerful
as one with a lens two inches i diameter, for
the amount of hight gathered obviously depends
o the arca of the lens, and the arca varics as
the square of the diamcter,

The largest telescopes at present in existence
are reflectors. 1t a5 much casier to construct
a very large mirror than to construct a very
large lens ; itis also chicapel. A nurror is tnore
hikely to get out of order than s a lens, however,
and any trrcgulanity in the shape of a nurror
producesa greater distorting effect thanina lens
A refractor 13 also more convement to handle
than is a reflector. For these reasons great
refractors are still made. but the largest of them,
the great Yerkes' refractor. 13 much smaller
than the greatest reflector, the one on Mount
Wilson, Califorma. The lens of the Yerkes'
refractor measures three fect four anches in
diameter, whercas the Mount Wilson retlector
has a diamcter of no less than cight fect four
inches.

* But there is a device wherehy the power of
these giant instruments, great as it is, can be
stull further heghtened.  That device s the
simple onc of allowing the photographuc plate
to take the:place of the human eye.  Nowa-
days an astronomer scldom spends the night
with his cye glued to the great telescope.  He
puts a photographic plate there.  The photo-
grapluc plate has tlus advantage over the cye,
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Photo : H. J. Shepstone.

100-INCH TELESCOPE, MOUNT WILSON,

A refllecting telescope: the largest in the world. The mirvor is sltuated at the base of
the telescope. :

that it builds up impressions. However long
we stare at an object too faint to be seen,
we shall never see it. With the photographic
plate, however, faint impressions go an accumu-
lating. As hour after hour passes, the star
which was too faint to make a perceptible im-
pression on the plate goes on affecting it until
finally it makes an impression vhich can be
made visible. In this way the photographic
plate reveals to us phenomena in the heavens
‘which cannot be seen even through the most
powerful telescopes. :

Telescopes of the kind we have been discuss-
ing, telescopes for exploring the heavens, are °
mounted eguatorially; that is to say, they are
mounted on an inclined pillar parallel to the
axis of the ecarth so that, by rotating round
this pillar, the telescope is enabled to follow
the apparent motion of a star due to the rota-
tion of the carth. This motion is effccted by
clock-work, so that, once adjusted on a star,
and the clock-work started, the telescope remains
adjusted on that star for any length of time
that is desired. But a great official observa-



78

.

THE OUTLINE OF SCIENCE

tory, such as Greenwich Observatory or the

Observatoryat Paris, also has fransit instruments,
or tclescopes smaller than the equatorials and

without the same facility of movement, but

which, by a number of exquisite refineinents,
‘zre more adapted to accurate measurements, It

Fhoto: H. J. Shepstone,

with much greater accura.cf than is possible
to the more general and flexible mounting of
equatorials. The recording of transits is com-
paratively dry work ; the spectacular element is
entirely absent; stars are treated merely as
mathematical points. But these obscrvations

40-INCHL YERKES TERLESCOPE.

Showlng the Jimensions of the greatest relractor in the wotld. The foor of the observatory
riscs of lalls several feet acconding as the telescope is inclined, thus enabling the obscrver to

remain at the eye-plece.

is these instruments which are chiefly uscd in
the compilation of the Nautical Almanac. They
do not follow the apparent motions of the stars,
Stars are allowed to drift across the field of
vision, and as cach star crosses a small group
of parallel wires in the ecye-picce its precise
time of passage i3 recorded. Owing to their
relative fixity uf position these instruments can
be constructed to record the positions of stars

furnish the very basis of modern mathematical
astronomy, and without them such publica-
tions as the Nawtical Almanac and the Con-
naissance du Temps would be robbed of the
greater part'of their importance.

§2
We have already learnt something of the
principles of the spectroscope, the instrument
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which, by making jt possible to learn the actual
constitution ot the stars, has added a vast
new domain to astronomy. In the

The

Spectro-  simplest form of this instrument the
SOk analysing portion consists of a single
prism.  Unless the prism is very large, how-

cver. only a small degree of dispersion is ob-
tained. It is obviously desirable, for accurate
analytical work, that the dispersion—that is,

so that unless our primary source of light is
very strong, the final spectrum will be very
feeble and hard to decipher.  ~

Another way of obtainirg considerable dis-
persion is by using a diffraction grating instead
of a prism, This consists essentially of a picce
of glass on which lines are ruled by a diamond
point. When the lines are sufficiently close
together they split up light falling on them into

Phota: 1. J. Shepstons,

TIE DOUBLE-SLIDE PLATE HOLDER ON YERKES 40-INCIT
RLEFRACTING TELESCOIE.

The smaller telescope at the top of the picture acts as a ** finder ™ ; the Beld
of view ol Lhe large telescope is so restricted that it s difficult Lo recogulse, as it
were, the part of the heavens being surveyed. The smaller telescope Lakes in
@ larger arca and enables the precise object to be czamlned to be easily sclected.

the scparation of the diffcrent parts ot the
spectrum—should be as great as possible.
The dispersion can be increased by using
a large number of prisms, the light cmerging
from the first prism, entering the second,
and so on. In this way cach prism pro-
duces its own dispersive effect and, when a
number of prisms is employed, the final
dispersion  is  considcrable. A considerable
amount of light is absorbed in this way, however,

its constituents and produce a spectrum. The
modern diffraction grating is a truly wonderful
picce of work. It contains several thousands
of lines to the inch, and these lines have to be
spaced with the greatest accuracy. But in
this instrument, again, there is a considerable
loss of light.

We have said that every substance has
its own distinctive spectrumi, and it might
be thought that, when a hst of the spectra
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of d1ﬂ’erent substances has been prepared, we are observing, all make a difference, and
spectrum analysis would become perfectly one of the most laborious tasks of the
straightforward.. In’practice, hnwever, thmgs modem spcctroscoplst is to disentangle these

. MODIERN DIRECT-READING SPECTROSCPE.
(By A. iilger, Lid.)

The light 1s brought through one telescope, s split up by the
prism, and the resulting spectrum is obscrved through the other
telescope.

3

are not quite so simple. The spectrum effects from one another. Simple as it is in
emitted by a substance is influenced by a its broad outlines, spectroscopy is, in reality,
varicty of conditions. The pressure, the tem- .one of the most mtncate branches of modern
perature, the state of motion of the object science.
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A RECONSTRUCTION OF THE JAVA MAN
(Pithecanthropus ercctus),
See The Ascent of Man, p. 110,






