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ASTRONOMY

CHAPTER 1
ASTRONOMERS AND OBSERVATORIES

IN a strictly limited work upon a quite
unlimited subject we are compelled to exercise
a strict economy. However tempting it may
be to enquire what knowledge of astronomy
existed among the ancient people of the
- world, how it comes about that their buildings
are built astronomically, or why it was that
their considerable skill in the science was so
nearly lost to future generations—we must
refuse to be drawn into the charming but
devious paths which lead through these I;arts
of our subject. The Chaldean shepherd
had a far better knowledge of the stars and
their movements than the modern educated
dweller in a glaringly-lit town, with a cloudy
and smoky sky; he had a traditional lore of
the stars which enabled him to regulate his

husbandry and to find his way; and his
7



$ ASTRONOMY

religion, his legends, and perhaps some of his
early history can be traced in the names
which he gave to the groups of stars which
were familiar to him.

The very natural association of religious
ideas with the heavenly bodies led to
the building of temples with a definite
astronomical significance, which we can trace
in the Temple of the Sun at Luxor, in Stone-
henge, and in - many other buildings of
antiquity. Let us be careful, however, not
to go too far in finding an astronomical
meaning for every line and for every angle
in such a building. At the present time
there is a decided tendency to go further than
strict prudence would permit; to ascribe to
the builders of old a knowledge and an
accuracy which the facts do not warrant;
and to pretend by measurement and cal-
culation to arrive at the date of the building
with all the authority which should attach
to the solution of an astronomical problem.
We shall do well to receive all such results
with caution ; they are interesting archaology,
but their astronomy is questionable.

It must appear curious at first sight to
any reader of the history of astronomy, that
while many of the principal facts, the
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rotundity of the earth, the gradual change
in the position of the pole among the stars,
were known to the famous astronomers of
antiquity, who were Greeks, yet the influence
of the Greek philosopher Aristotle was for
many centuries sufficient to stifle any spirit
of enquiry into the truths of astronomy.
That their teaching was contrary to Aristotle
was enough to condemn Copernicus or Galileo.
Why was this particular Greek of authority
so much greater than Hipparchus or Ptolemy ?
The answer is not hard. These Greek
astronomers lived not in Greece, but at
Alexandria, whither learning migrated as the
famous Greece of history decayed. Their
science was hardly known to the Romans,
but such of it as survived was preserved by
the Arabs and came to Europe by the Moslem
invasion of Spain, tainted no doubt in qulic
opinion with the discredit attaching among
the Christians to all things Moslem. Thus
it affected at first but slightly the revival of
interest in learning and science which took
place in Europe in the fifteenth and sixteenth
centuries. The first astronomers of Europe
had to work against, not with the support
of, whatever remained in repute of the ancient
learning of Greece. At every turn they were



10 ASTRONOMY

stopped with the objection that Aristotle
said so and so.

Now what Aristotle said was founded upon
the vaguest kind of foundation. Planets
must move in circles because the circle is the
only “ perfect ” figure. Seven is a perfect
number, and therefore if you have found
seven of a thing you need not waste time
looking for an eighth. This was the kind
of argument that passed for scientific in the
middle ages; this was the kind of prejudice
which the early European astronomers had
to rid their own minds of first, and then to
banish from the minds of others. It could be
done in only one way, by insisting on first
observing what actually happened and then
constructing arguments to fit the facts.
Strange as it may appear, this very sensible
line of conduct was quite foreign to the ideas
of the time, and was received with very bad
grace by those in authority.

Foremost among the men who insisted
upon observation and experiment was the
Danish nobleman Tycho Brahe, who was
above all things an experimenter. On the
little island of Hven, lying off Elsinore in
the Sound between Denmark and Sweden,
Tycho built a magnificent observatory, and
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fitted it with splendid instruments all of his
own design and make. He founded in fact the
modern science of observational astronomy.
In the Royal Library at Copenhagen one may
see the great journals of observations which
Tycho and his assistants made for some
twenty years in that island—catalogues of
stars, places of the planets and of the Moon,
places of comets, and all the regular routine
of a modern observatory. There are two
things to be remembered about Tycho’s
work ; it was immensely more accurate
observation than had ever been made before,
and it was done before the telescope was
invented.

One is so accustomed to think of an
astronomer as placed at the eye end of a
telescope, that it seems extraordinary that
much could be done without it. True, Tycho
was limited to the stars and the planets which
the unaided eye can - show, but there was
much to be done with these which had never
yet been done. Instruments mounted on
pillars, furnished with circles or with portions
of circles divided into degrees and parts of
degrees, provided with carefully made sights,
were capable of considerable accuracy in the
hands of a man with a genius for handling
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instruments. At least they were capable of
providing the mass of observations upon which
Kepler founded his laws of planetary motion,
and upon which in the end Newton rested his
demonstration of the principle of universal
gravitation.

But we are going too fast. Tycho Brahe
was an admirable astronomer, justly considered
the greatest that ever lived; but he was
not quite so admirable as a neighbour. It
seems that a haughty spirit and a high-handed
manner of disregarding his public duties were
responsible at least in part for the catastrophe
which overtook him. His revenues were
withdrawn ; he was forced to leave Denmark ;
and so he came to Prague, and Kepler became
possessed of his observations, with the great
consequences to astronomy which we have
briefly mentioned. ‘“Had Tycho remained
in his island,”” said a famous historian of
astronomy, ° perhaps we should still have
been ignorant of the true system of the
universe.”

But a few years after his death in 1604 the
telescope was invented in Holland. There are
several claimants to the invention, and their
respective merits are somewhat obscure.
Nor is it quite certain that posterity has been
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right in giving to Galileo the undivided credit
of first turning the telescope to the skies.
His famous discovery of the four satellites
of Jupiter led to his immediate recognition of
the truth they demonstrated, that the earth
and the planets move round the sun, as
Copernicus taught. The persecution which
he suffered, for teaching his opinions, threw
a romance about his life which obscured the
fact that the injustice of others made him
unjust himself. A German astronomer, Simon
Marius, had himself discovered the satellites
of Jupiter within a few hours of and probably
before Galileo’s discovery. He had made
many observations of them and constructed
a first rough table of their motions. Galileo
roundly accused him of stealing his
observations and his credit, and the world,
believing Galileo, went on calling Marius an
impudent pretender until two or three years
ago. So difficult it is to be just in assigning
credit to rival discoverers.

The first discoveries of the telescope opened
a new heaven to men’s eyes. There were
mountains in the moon, spots upon the
supposed unblemished surface of the sun;
the planets became worlds like the earth,
and the Milky Way was resolved into
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innumerable stars. Astronomers of all
countries set themselves to improve the
telescope, and up to a certain point their
progress was excellent; but at that point
they stopped. For technical reasons, into
which we can hardly enter, those who aspired
to make their telescopes more powerful were
forced to make them inordinately long;
and such instruments, though they were fairly
satisfactory for viewing the planets, were
very little good on stars. Hence we find in
the 150 years after the invention of the
telescope that little progress was made in
exploring among the stars and nebulz.

In other directions, however, immense
advances had been made. Newton at
Cambridge had made his immortal discovery
of the principle of universal gravitation ;
Halley in London had spurred him on to
complete his work and publish it. On the
continent of Europe mathematicians had
opened up regions of mathematical analysis,
in which Newton’s principle was the foundation,
though his methods were superseded by others
more tractable in ordinary hands. It is a
remarkable fact that no one since Newton
has succeeded in doing much by his methods.
Everywhere the telescope had been applied
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to the instrument of measurement, with great
gain in accuracy. Bradley had discovered
the important principles of the aberration
of light and the nutation of the axis of the
earth—principles which at once reduced to
order all the questions connected with the
accurate determination of star places in the
sky. The foundations of the astronomy
which concerns itself with minute nicety
of observation, with profound depths of
calculation, had been well and truly laid.
Upon that foundation generation after
generation of mathematicians and of observers
have built; with hardly any pause the
edifice of precise astronomy has arisen,
stone by stone, till to-day it forms the immense
structure into which it is hard to enter without
the master key of some mathematics and a
great deal of technical knowledge. All this
side of astronomy lies outside the range of a
small book like the present. We shall make
some acquaintance with its results in the
chapters which follow; with its methods
and with its technique we cannot concern
ourselves further.

Upon the other side of astronomy lies the
realm of exploration and discovery, whose
frontiers receive a great extension with every
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considerable advance in instrument building
or new method of observation. Such an
extension was made by Sir William Herschel.
The reflecting telescope which Newton had
invented made at first slow progress in size
orinuse. Itremained an interesting example
of optics rather than an instrument of any
practical importance, until Herschel found
himself at last in the position to carry out his
cherished scheme. What it was that implanted
in Herschel’s brain the resolution to explore
the sky is of course unknown. All that we
do know is that during years of hard work
as a teacher and conductor of music he steadily
kept in sight the purpose, that he would
make greater telescopes than any which had
yet been made, and that he would thoroughly
search the heavens. It was natural that
his thoughts should turn to the reflecting
telescope, whose construction, though tedious
and delicate, is yet relatively simple and within
the power of a skilled amateur—as has often
been proved since Herschel’s time. Of "the
way in which Herschel made his telescopes
very little is known, or at least very little
has been published. The observations which
he made with them are the foundation and
to a considerable extent the structure of what
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we know to-day about the nebule and star
clusters. In the chapter dealing with the
nebule we shall see how the survey of the
sky carried from pole to pole by Sir William
and his son Sir John remains to this day
complete and unsurpassed.

The first half of the nineteenth century was
again a period of steady rather than of
startling progress. Bessel in Germany, Airy
in England, systematized and organized
observatory work so that the methods of
to-day bear the indelible stamp of their
talent. Adams in England and Leverrier in
France discovered Neptune by calculation—
a feat which produced an impression more
profound than any other event in the history
of science. In Ireland Lord Rosse made in
his own workshops the gigantic six-foot
mirror which remains up to the present day
unsurpassed in sheer size. Then just,after
the middle of the century came the invention
of spectrum analysis by Kirchoff, and its
application to the stars and nebule by
Huggins.

This discovery marks an epoch as distinctive
as, perhaps more distinctive than, the
discovery of the telescope, for it gave to
astronomers a new sense. The telescope is
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but an eye allowing man to see farther and
better than he could see before. The
spectroscope enables him to achieve what
might have seemed perfectly hopeless, to
determine what the stars are made of by
analysing the light which they send us; and
to determine the speed with which they are
approaching or receding in the line of sight.

With this new sense at its command
astronomy made at once a brilliant advance
into regions which had been closed to all
examination. It was immediately clear that
the stars are suns like our sun, while many
of the nebule are but clouds and drifts of
shining gas. It was at once possible to prove
that the substances, common or rare, which
are found in the crust of the earth are present
as glowing vapours in the distant stars, and
that from end to end of space matter is
essentially the same. Some light rays there
are, indeed, in the nebule or in the stars
which have not yet been run to earth. The
brilliant discovery of helium by Ramsay
gives us reason for hoping that a knowledge
of the stars may in time show us how to look
for and to find other substances which are
all the while terrestrial, though we have not
yet recognized them.
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The application of photography to astronomy
followed hard upon the introduction of light
analysis. But for all except the brightest
objects the necessary exposures were so long
that a wet collodion plate could not deal
with them; the plate dried during the
exposure and lost its sensitiveness. Real
facility in astronomical photography came
with the introduction of the dry gelatine
plate.

We may perhaps spend a few moments in
considering exactly how the photographic
plate helps the astronomer, for there is much
misconception on the subject. The old-
fashioned astronomer was pictured in
imagination with his eye glued to the telescope
—the adhesive was always used—waiting and
watching to discover something new. The
modern astronomer is supposed to glue
a photographic plate in the place of his eye,
and to sleep in confidence that the plate on
development in the morning will show him
everything that he might have observed in
the night. But there is not much truth in
this picture. Respectable photographs cannot
be taken without attention. The astronomer
is differently occupied nowadays, but his lot
is not made much easier; to watch a faint
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guiding star on the cross wires of the guide
telescope, during an exposure of many hours,
is a most exhausting business.

The real advantages of the photographlc
plate lie in two of its properties : its power of
storing up impressions until they become
developable; and its power of recording
simultaneously a number of things which
could be observed only one by one. To these
we should add its power of taking in a very
much larger field of view than can be seen at
one time in the telescope. The first and
the last are responsible for the great success
with which the star camera portrays star
clouds and very extensive nebule, which
cannot produce their proper effect when they
are seen piecemeal. The second and the
last have revolutionized many branches of
precise astronomy by transferring the work
of measurement from the micrometer on the
telescope to the measuring machine in which
the negative is placed. This has great
advantages ; among them are two which can
be appreciated at once. It economizes time,
because one can take advantage of an hour
of clear and steady sky to take a photograph
which will provide work for a week of cloudy
weather. And secondly—a more technical
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reason—it greatly facilitates the troublesome
corrections which have to be applied to the
measures, because they can be calculated
and applied all at once, instead of one by one.

The requirements of photography have
made new and very interesting demands upon
the skill of the optician and the mechanic.
The optician is called upon to design lenses
which shall give the greatest concentration
of light, for photographing faint objects;
and the best possible definition over a large
field of view, for photographing extensive
objects like the star clouds of the Milky
Way. And what passes for good definition
in a terrestrial camera turns out to be
very bad definition when it is a question of
photographing a star far from the centre of
the field. One wants the minute image,
hardly visible on the plate without a glass,
to be quite round and quite free from-wings
and from surrounding glare. In spite of
long calculation and trials, it is not as yet
possible to obtain a satisfactory picture
more than about ten degrees across.

The mechanic is required to make long
telescopes without flexure, and to make
driving clockwork that shall cause the
telescope to follow the daily motion of the
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stars without allowing them to wander by
ever so little upon the photographic plate.
One such device never fails to fascinate the
visitor to an observatory—the electrically
controlled clockwork devised by Sir Howard
Grubb, of Dublin, and fitted to many modern
British instruments. A pendulum in a corner
of the telescope house has nothing to do but
to send a current every second to the clock.
This current. detects whether the clock has
gone fast or slow, and if the error amounts to
one-fortieth of a second of time, it is
automatically corrected. The reader will
have no difficulty in believing that an
apparatus of this delicacy does not always
work smoothly. Like all delicate machines,
it wants ¢ tuning up ”’ from time to time ; and
these modern refinements and complications
in astronomical instruments put something
of a strain upon the astronomer who has
to add the technique of photography, of
electrical testing, of clock making, and of
silvering mirrors to his more old-fashioned
professional attainments.

With every increase of size in astronomical
instruments the question is asked, Has the
limit of successful construction now been
reached ? Is it possible or profitable to go
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farther ? Such questions cannot receive any
positive answer, but it may be worth while
to ‘enquire for a moment what prospect
there may be of providing the astronomer
with greatly increased telescopic power.

The greatest object glass which has been
successful is that mounted at the Yerkes
Observatory of the University of Chicago.
Its diameter is 40 inches; its focal length
is 62 feet ; and it requires for.its installation
a dome only two or three feet 'smaller than
the inner dome of St. Paul’s in London.
It has been in existence some sixteen years,
and it remains the largest lens at work.
What has put a stop to the series of larger
and larger glasses which was made during
the last thirty years of last century ? There
are several reasons.

The first of course is the expense. The cost
of mounting one of these big refracting
telescopes is immensge. The telescope itself
increases in cost at a rate out of all proportion
to its aperture; the building in which it is
housed, the revolving dome and the rising
floor, soon come to cost as much as the
telescope. Hence there has arrived a time
when the increased cost of installation is out of
proportion to the gain in light ; and while it is
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impossible to say that the Yerkes telescope
marks the limit to construction in that
particular style, one can at any rate say that
there are no signs at present of any one
trying to build a larger

The second reason against attempting to
build larger refractors is the extraordinary
difficulty in getting large discs of optical
glass. The optician could handle a bigger
disc than the glass founder can supply.
About the business of fashioning these discs
there has always been something of a mystery,
concerning a secret strictly guarded, in the
possession of only two or three persons at
one time. Unless a firm was in possession
of the secret, it was hopeless to think of
making big discs, so the story went ; and the
man who knew it was paid a princely salary
on condition he never went outside the
gates—with the inevitable result. Whether
or no there is any truth in the story as it is
told, it is certain that the manufacture of
large discs of optical glass has always been
difficult ; that not more than three or four
firms in all have succeeded ; and that at the
present time there is only one—a French firm
—which has any success.

The difficulty lies, of course, in getting the
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disc of glass uniform throughout; a patch
of density slightly greater than the rest will
ruin it, unless the excess can be removed by
re-annealing—a process which occasionally
succeeds in a remarkable way, which is very
curious when one considers that the glass is
not, in its last stages, ever raised to anything
like melting point. We have spoken, up to
the present, of the ordinary crown glass and
flint glass. With the more complex kinds of
glass success has been still less. It seems to
be impossible to produce discs of the celebrated
Jena glasses larger than about twelve inches
in diameter, and this puts a severe restriction
on the optician, who could do ever so much
more if he had a larger range of kinds of glass
with which to work.

A third reason why no more big refractors
have been built is that enterprise has been
turned into other channels—the construction
of big mirrors for reflecting telescopes, and
horizontal or vertical telescopes for solar
work. The great centre of activity in such
work is at present the instrument shop at
Pasadena belonging to the Solar Observatory
of Mount Wilson, California. With financial
resources which seem illimitable, administered
by a director of boundless energy and an
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engineer of consummate skill, the Mount
Wilson Observatory has created an equipment
which is extraordinarily fine. The reflector
of 60 inches aperture is for the moment
the last word in instrument construction ;
that it will not be so for long is clear from
the fact that a 100-inch mirror is already
under way, finally to beat the record of size
which Lord Rosse’s reflector has held for
some sixty years. Into the 60-inch telescope
the constructor has 4put every refinement and
device that he can think of as possibly useful ;
the result is a formidable complication
somewhat discouraging to the astronomer
of strictly limited means, as most astronomers
are.

These magnificent instruments can do things
which no other telescopes can do, and it is
an immense advance that their constructors
have made. There is naturally a danger
that the owners of smaller telescopes will be
depressed, and will perhaps under-estimate
the possibilities that they have within their
reach if they have courage. There is, as a
matter- of fact, still plenty of excellent work
for the smaller instruments to do—both for
the modest ' observatory and for the still
more modest amateur. In various places
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as we proceed we shall consider what work
there is within reach of the amateur observer.
For the moment let us return to the public
observatory, and glance at its equipment,
We shall suppose that it is a University
Observatory, well but not extravagantly
equipped, and prepared for teaching as well
as for research.

First there will be a meridian circle—a
telescope of moderate aperture, say 6 inches—
mounted upon very solid piers so that it will
turn from north to south, through the pole
and the zenith, pointing always to the
meridian of the place. In the focus of this
telescope there is a set of wires, equally spaced
about a centre wire which forms the visible
instrumental meridian. And the telescope is
provided with a divided circle which serves
to measure how far it is turned from the
zenith, north or south. With this instrument
a double observation is made—the time at
which a star crosses the meridian, and the
distance from the zenith at which it passes.
The purpose of the instrument is first to find
the time, the correction to the clock from
observations of known stars; and then to
observe the places of stars which are not so
well known, for making star catalogues; or
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to observe the places of the moon and the '
planets, for improving the theory of their
motions. All this kind of work is called
astronomy of position, and belongs to the
department of meridian observat on.
Secondly, there will be the department of
the equatorial, a telescope mounted and
driven by clockwork so that the effects of the
rotation of the earth are annulled. In the
equatorial the star can be kept in the field of
view for as long as may be desired; it does
not rush across the field of view and vanish,
as it does in the meridian circle. With the
equatorial one studies and makes drawings of
the planets, measures the relative positions
of the components of double stars, or searches
for new comets and nebule.
! Then, more likely than not, there will be
another equatorial telescope, with its lens
corrected for the photographic instead of for
the visual rays of light. Such a telescope
is in reality a camera, though different
in proportions from the ordinary landscape
camera of commerce. The lens will be perhaps
12 inches in diameter ; the tube about ten
times this diameter in length. There will be
no bellows, because the camera is in this case
used at a fixed focus, the focus for infinity,
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and the small range of focusing required to
bring the plate into exact adjustment can
be provided in other ways; and bellows
would be very much out of place in an
instrument which requires to be rigid in a
high degree. Lastly comes the carrier for
the photographic plate, which is perhaps
six inches square, not nearly so large as
the objective. It is this curious proportion
between the lens and the plate which makes the
photographic telescope look unlike a camera.
One is so much accustomed to seeing an inch
of objective covering a photographic plate
8% X 6% inches, that it seems at first sight
absurd to require 12 inches of objective to
“cover six inches of plate. But we must
remember that we want a large objective
because we are going to photograph very
faint objects; and we use a small plate
because we are content only with the centre
of the field, where the definition is of the
very best.

The photographs taken with this instrument
will be intended for accurate measurement.
Hence a measuring machine equipped with a
microscope, with accurate divided scales, and
with micrometer screws, will form part of
the equipment of the photographic telescope.
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With such an outfit the observatory will be
able to undertake a share in the work of
charting and cataloguing the stars by
photography, which is now being carried
out by an international co-operation of
observatories.

The photographs taken with this
instrument, being intended for accurate
measurement, will be on a large scale, with
the stars widely separated. They are
excellent for their purpose, but they make
very poor pictures. The magnificent, densely
crowded pictures of the Milky Way which
make a splendid show on the screen at a
lecture, or in a work on astronomy which
can afford illustrations, are made with an
instrument differently proportioned, with a
focal length only four and a half or five times
the aperture, and with an objective of four
lenses arranged in pairs, very much like the
ordinary high-class camera lens. Then, with
an exposure of several hours and a relatively
much larger plate, one can concentrate
many square degrees of sky into one picture,
which looks magnificent, and is very useful
for study of the broad features of the sky,
but is not good for measurements of precision.

Our observatory will also have a department
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“devoted to astrophysies, that is to say, to
the study of stars and nebule with the
spectroscope. One of the equatorials will
be equipped with the apparatus of slit, prism,
and camera which photographs the: result
of the light analysis, the spectrum with its
bright lines coming from glowing gas, or its
dark lines telling of absorption in the stellar
atmospheres. When the spectrum is obtained
it requires interpretation; the lines in the
spectrum, for example, may correspond in
position exactly with the lines which are
produced by the vapour of iron, but some
may be abnormally strong and others almost
invisible. It is then the task of the astro-
physicist to discover what this difference
means. He turns the observatory into a
physical laboratory, equipped with dynamos,
electric arcs, furnaces, pressure pumps, and
vacuum pumps, and he tries to reproduce
upon earth the conditions, indicated by the
abnormal spectrum, which are present in
the stars.

Again, it may be that a department of our
observatory is devoted to solar physics, to
the study of those details in our own particular
star which cannot be observed in the others
because they are so far away. The solar
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physicist will have quite a different equipment.
He has plenty of light available, so that his
instruments need not be very great in aperture,
and may be very long, to give him pictures
upon a large scale. So he will probably
have a very long fixed horizontal telescope
and spectroscope, into which the sunlight
will be reflected by a slowly rotating mirror,
the coelostat. Or if he is quite up to date
he will decide that a horizontal telescope is
too much affected by the radiation from the
heated ground, and he will substitute a
vertical telescope, with the coelostat and
objective mounted on a high tower, and the
spectroscope at the bottom of a deep well
below. But he will not be able to do this
unless he is very rich.

Lastly, our observatory will be equipped
with a library and with a staff of calculators,
called computers. The library will contain
the publications of every other observatory
—all of them presented to it; the journals
of the astronomical and kindred societies ; and
the four or five technical journals published
by subscription. The bulk of astronomical
literature is becoming enormous. There are
some hundred and fifty observatories that
publish observations more or less regularly ;



ASTRONOMERS & OBSERVATORIES 383

the journals amount in the total to several
thousand pages annually, and it is quite
impossible for the astronomer to read every-
thing that appears. Hence there has arisen
in astronomy, as in other sciences, the
need for carefully prepared and arranged
abstracts of each year’s work, and several
volumes are now devoted annually to this
purpose. From this mass of raw material the
evidence on any point is gradually extracted
and worked up into a case; the case is
examined and tried by discussion and con-
troversy, at meetings of the astronomical
societies or in the pages of the journals; and
in the end years: of observation, hundreds
of pages of publication, months of calculation
and discussion, produce the brief conclusion,
for example, that the gaseous nebulae are
concentrated upon the Milky Way.

But we must not overlook the ‘compuyter,
who plays an indispensable part in the
observatory. Hardly a measure which is
made at the telescope is of any use until it
has passed through a process of calculation
and correction more or less prolonged. The
continued variation in the state of adjustment
of the instruments, the refraction of the air,
and the changes day by day and year by
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year in the position of the celestial equator
have all to be reckoned with by calculation.
Three places, for example, of the same star
on different days will all be different, and
each one must be reduced to the place which
will ultimately appear in the star catalogue.
A great deal of this work is quite simple
arithmetic, proceeding according to instruction
on well known lines. Under proper direction
it is done by boys and young ladies, who in
the different observatories of the world play
a part in scientific work which is often little
realized by those who hear only of the final
conclusions. Their labour is often greatly
lightened by the calculating machine, which
performs long multiplications and divisions
at a speed almost incredible to the uninitiated.

We have referred already to the astronomer’s
dependence upon the engineer, the optician,
and the glass maker. We must not omit
from our list the photographic plate maker.
The question is often asked at an observatory,
whether the astronomer wuses specially
sensitive plates. The answer is that it is
not possible to obtain better emulsions
than those which are prepared by the leading
makers of photographic plates. Not that they
are perfect ; they are far from being perfect,
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and it is particularly desirable that some
means should be found of getting rid of the
coarseness of grain at present universal in
rapid plates. For the time being, however,
it seems that not much progress is being
made to this desirable end. In one way only
do astronomical plates differ from those in
ordinary use. They are coated upon thin
plate glass, which is nearly flat, instead of
upon the ordinary glass, which is generally
twisted and billowy.

In this necessarily rapid sketch of the
evolution of the modern observatory, we have
been compelled to leave large gaps which
could not be filled in the space at our disposal.
We have now to deal in successive chapters
with some of the leading results of modern
astronomy. We shall try as ar as possible
to present the subject free from the compli-
cations which beset it in actual practice.

In concluding a chapter on Astronomers
and Telescopes, we may remark that the
application of photography has made a
difference which is hardly yet realized.
Since photographs can be reproduced and
put into the hands of all, it follows that any
student of astronomy is the potential possessor
of the greatest telescopes in the world. By

B2
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this we mean that astronomical work of real
importance—not merely intellectual recrea-
tion, but study which may make valuable
contributions to knowledge—can be done
upon published photographs. The output
of pictures is enormous, and many of them
remain mere pictures for lack of students to
treat them seriously. If you would be an
astronomer, think twice before buying a
telescope. A measuring machine, to measure
photographs taken by other people, is a far
better investment.



CHAPTER 1II
THE SUN AND MOON

WHEN we put the Sun and the Moon together
in one chapter of our study of astronomy,
we do not attempt to be logical. The sun,
the overpowering source of light and heat
and energy which makes life upon the earth
and all our activities possible, and the moon,
the dead lifeless companion of the earth,
whose most obvious use is to act as a pale
reflector of sunlight to mitigate the darkness
of our nights, are-at opposite ends of the
series in which we may arrange the components
of our solar system. Nevertheless, we, will
study them together, and we shall find in
so doing that a disregard of logic is sometimes
as advantageous in the study of astronomy
as it is in the conduct of life.

The study of the sun is essentially mcdern,
because it depends very little on the formal
laws of geometry, and requires above

everything some elementary ideas upon the
37
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properties of matter, which are of quite
modern growth. Little more than a hundred
years ago, for example, it was possible for
scientific men to discuss quite gravely,
without ridicule, whether or not the sun
might be inhabited; not on his surface,
indeed, which was undeniably too hot, but
perhaps somewhere in the darker layers which
we seem to see below the brilliant surface,
when we look down into the depths of a
sunspot. To-day, such an idea has only to
be mentioned to appear ridiculous. We can
no longer be content with the plain fact
that the surface of the sun is pouring out
immense supplies of heat and light; we ask
ourselves at once, whence come those supplies ;
we realize that they must be brought up to
the surface from within; and we see that
it must be even hotter inside than it is on
the surface. There is no more a question of
cool, habitable depths below. Nor is it
probable that the sun is anywhere solid, in
the ordinary sense of the term.

With a diameter one hundred times that of
the earth, the average density of the sun is no
more than a quarter the average density of the
earth, and not more than one-half the density
of the earth’s rocky surface layers. One can
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account for this combination of great size and
little density only by supposing that the sun is
is in a state of what must be called gas, since
it is neither solid nor liquid, but which is
gas in a state which we cannot reproduce
experimentally, a kind of thick treacly fluid,
denser than water, yet with the elastic proper-
ties of a gas. Between the interior and the
surface there must be a continual rush of
hot currents bringing up from inside the
heat which is poured out at the surface.
Beyond that bare fact we still know
comparatively little of what goes on inside
the sun.

The first question that must be examined
is this: Whence comes the heat? It is
brought up by currents from below; but
how is the supply below maintained ? The
sun is not burning, in the sense in which a
coal fire is burning and producing heat by
combustion in the oxygen of the air. Its
heat is more like the heat of a white-hot poker,
which radiates away, and the poker becomes
cold, not having the means of renewing its
heat as the sun has. The way in which a
gaseous body may radiate heat, and yet
remain hot or even become hotter, was
explained by Helmholtz in a simple manner.
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The sun maintains his heat because he is
contracting.

When a stone is dropped upon a pavement, -
it acquires a store of energy during the fall
which is suddenly dissipated when the motion
is stopped. It is not lost, however. No
energy can belost. It can only be transformed
from one kind to another; and in the case
of the stone suddenly stopped, the energy
which it had acquired in falling is converted
into heat, which is radiated away. But the
stoppage need not be sudden. The same
amount of heat would be produced if the
stoppage were ever so gradual. Suppose then
that the sun, under the influence of its own
strong gravitation, contracted in diameter
a thousand feet. Every particle at the
surface would have fallen a thousand feet
and have been stopped; all the matter
inside would have fallen in proportion, and
the amount of heat generated would have
been enormous. It is not hard to calculate
that a shrinkage of a thousand feet would
supply all the heat which the sun radiates
in five years. At this rate the sun would
decrease in diameter about 40 miles in a
thousand years; and since his diameter is
800,000 miles, it is quite clear that this
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principle of Helmholtz is able to explain
how the sun’s heat might be maintained for
a hundred thousand years without any
appreciable decrease in his apparent size.
During hundreds of thousands, or millions
of years, the sun might be pouring out his
enormous supply of heat, year by year, and
might all the while be actually growing
hotter. He will continually grow hotter
so long as his material obeys the laws of
gases.

Gravitation, theref<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>