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Herschel counted the stars in 683 telescopic
fields to get the data from which he calculated
the extent of the stars in every directmn._ He
came to the conclusion that the stars immediately
around us are all contained in one cluster similar
to the clusters which we know as nebula. Those,
he found, are so far from our group that each
must be thought of as an “island wuniverse” in
space.

ON THE CONSTRUCTION OF
THE HEAVENS. By William
Herschel, Esq., F. R. S., in Philo-
sophical Transactions of the Royal
Society of London. Vol. LXXV.
For the Year 1785.

Theoretical View

Let us then suppose numberless
stars of various sizes, scattered over
an indefinite portion of space in such
a manner as to be almost equally dis-
tributed throughout the whole. The
laws of attraction, which no doubt
extend to the remotest regions of the
fixed stars, will operate in such a
manner as most probably to produce
the following remarkable effects.

Formation of Nebule

Form I. In the first place, since
we have supposed the stars to be of
various sizes, it will frequently hap-
pen that a star, being considerably
larger than its neighboring ones, will
attract them more than they will be
attracted by others that are imme-
diately around them; by which means
they will be, in time, as it were, con-
densed about a center; or, in other
words, form themselves into a cluster
of stars of almost a globular figure,
more or less regularly so, according
to the size and original distance of
the surrounding stars. The pertur-
bations of these mutual attractions
must undoubtedly be very intricate,
as we may easily comprehend by
considering what Sir Isaac Newton
says in the first book of his Principia,
in the 38th and following problems;
but in order to apply this great
author’s reasoning of bodies moving
in ellipses to such as are here, for a
while, supposed to have no other mo-
tion than what their mutual gravity
has imparted to them, we must sup-
pose the conjugate axes of these
ellipses indefinitely diminished, where-
by the ellipses will become straight
lines.

Form II. The next case, which
will also happen almost as frequently
as the former, is where a few stars,
though not superior in size to the
rest, may chance to be rather nearer
each other than the surrounding ones;
for here also will be formed a pre-
vailing attraction in the combined
center of gravity of them all, which
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THE SHAPE OF OUR UNIVERSE as calculated by Sir William Herschel.

Our sun

is not far from the center, and we see the thickest part of the crowd of stars as the
Milky Way.

will occasion the neighboring stars to
draw together; not indeed so as to
form a regular or globular figure, but
however in such a manner as to be
condensed towards the common center
of gravity of the whole irregular
cluster. And this construction admits
of the utmost variety of shapes, ac-
cording to the number and situation
of the stars, which first gave rise to
the condensation of the rest.

Form III. From the composition
and repeated conjunction of both the
foregoing forms, a third may be de-
rived, when many large stars, or com-
bined small ones, are situated in long
extended, regular, or crooked rows,
hooks, or branches; for they will also
draw the surrounding ones, so as to
produce figures of condensed stars
coarsely similar to the former which
gave rise to these condensations.

Form IV. We may likewise admit
of still more extensive combinations;
when, at the same time that a cluster
of stars is forming in one part of
space, there may be another collecting
in a different, but perhaps not far
distant quarter, which may occasion a
mutual approach towards their com-
mon center of gravity.

V. In the last place, as a natural
consequence of the former cases,
there will be formed great cavities or
vacancies by the retreat of the stars
towards the varinus centers which
attract them; so that upon the whole
there is evidently a field of the great-
est variety for the mutual and com-
bined attractions of the heavenly
bodies to exert themselves in. T shall,
therefore, without extending myself
farther upon this subject, proceed to
a few considerations, that will natu-
rally occur to every one who may view
this subject in the light I have here
done.
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Objections Considered

At first sight, then, it will seem as
if a system, such as has been dis-
played in the foregoing paragraphs,
would evidently tend to a general
destruction, by the shock of one star’s
falling upon another. It would here
be a sufficient answer to say, that if
observation should prove this really
to be the system of the universe, there
is no doubt but that the great Author
of it has amply provided for the
preservation of the whole, though it
should not appear to us in what man-
ner this is effected. But I shall,
moreover, point out several circum-
stances that do manifestly tend to a
general preservation; as, in the first
place, the indefinite extent of the
sidereal heavens, which must produce
a balance that will effectually secure
all the great parts of the whole from
approaching to each other. There
remains then only to see how the
particular stars belonging to separate
glusters will be preserved from rush-
Ing on to their centers of attraction.
And here I must observe, that though
I have before, by way of rendering
the case more simple, considered the
stars as being originally at rest, T in-
tended not to exclude projeetile forces :
and the admission of them will prove
such a barrier against the seeming
destructive power of attraction as to
secure from it all the stars belonging
to a cluster, if not for ever, at least
for millions of ages. Besides. we
ought perhaps to look upon such clus-
ters, and the destruction of now and
then a star, in some thousands of
ages, as perhaps the very means by
which the whole is preserved and re-
newed. These clusters may be the
Laboratories of the universe, if I may
so express (Turn to next page)
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myself, wherein the most salutary
remedies for the decay of the whole
are prepared.

Optical Appearances

From this theoretical view of the
heavens, which has been taken, as we
observed, from a point not less dis-
tant in time than in space, we will
now retreat to our own retired sta-
tion, in one of the planets attending a
star in its great combination with
numberless others; and in order to
investigate what will be the appear-
ance from this contracted situation,
let us begin with the naked eye. The
stars of the first magnitude being in
all probability the nearest, will fur-
nish us with a step to begin our
scale; setting off, therefore, with the
distance of Sirius or Arcturus, for in-
stance, as unity, we will at present
suppose that those of the second
magnitude are at double, and those of
the third at treble the distance, and
so forth. It is not necessary criti-
cally to examine what quantity of
light or magnitude of a star entitles it
to be estimated of such or such a pro-
portional distance, as the common
coarse estimation will answer our
present purpose as well ; taking it then
for granted, that a star of the seventh
magnitude is about seven times as
far as one of the first, it follows that
an observer, who is inclosed in a
globular cluster of stars, and not far
from the center, will never be able,
with the naked eye, to see to the end
of it: for, since, according to the
above estimations, he can only extend
his view to about seven times the dis-
tance of Sirius, it cannot be expected
that his eyes should reach the borders
of a cluster which has perhaps not
less than fifty stars in depth every-
where around him. The whole uni-
verse, therefore, to him will be com-
prised in a set of constellations, richly
ornamented with scattered stars of
all sizes. Or if the united brightness
of a neighboring cluster: of stars
should, in a remarkably clear night,
reach his sight, it will put on the ap-
pearance of a small, faint, whitish,
nebulous cloud, not to be perceived
without the greatest attention. To
pass by other situations, let him be
placed in a much extended stratum,
or branching cluster of millions of
stars, such as may fall under the 111d
form of nebule considered in a fore-
going paragraph. Here also the
heavens will not only be richly scat-
tered over with brilliant constellations,

but a shining zone or milky way will
be perceived to surround the whole

sphere of the heavens, owing to the -

combined light of those stars which
are too small, that is, too remote to
be seen. Qur observer’s sight will be
so confined that he will imagine this
single collection of stars, of which he
does not even perceive the thousandth
part, to be the whole contents of the
heavens. Allowing him now the use
of a common telescope, he begins to
suspect that all the milkiness of the
bright path which surrounds the
sphere may be owing to stars. He
perceives a few clusters of them in
various parts of the heavens, and
finds also that there are a kind of
nebulous patches; but still his views
are not extended so far as to reach
to the end of the stratum in which he
is situated, so that he looks upon these
patches as belonging to that system
which to him seems to comprehend
every celestial object. He now in-
creases his power of vision, and,
applying himself to a close observa-
tion, finds that the milky way is in-
deed no other than a collection of
very small stars. He perceives that
those objects which had been called
nebule are evidently nothing but
clusters of stars. He finds their num-
ber increase upon him, and when he
resolves one nebula into stars he dis-
covers ten new ones which he cannot
resolve. He then forms the idea of
immense strata of fixed stars, of clus-
ters of stars and of nebula; till, going
on with such interesting observations,
he now perceives that all these appear-
ances must naturally arise from the
confined situation in which we are
placed. Confined it may justly be
called, though in no less a space than
what before appeared to be the whole
region of the fixed stars; but which
now has assumed the shape of a
crookedly branching nebula; not, in-
deed, one of the least, but perhaps
very far from being the most consider-
able of those numberless clusters that
enter into the construction of the
heavens. * * *

Other Nebule

Among the great number of nebule
which I have already seen, amounting
to more than 900, there are many
which in all probability are equally
extensive with that which we inhabit;
and yet they are all separated from
each other by very considerable in-
tervals. Some indeed there are that

seem to be double and treble; and
though with most of these it may be
that they are at a very great distance
from each other, yet we allow that
some such conjunctions really are to
be found; nor is this what we mean
to exclude. But then these compound
or double nebule, which arethose of
the third and fourth forms, still make
a detached link in the great chain. It
is also to be supposed that there may
still be some thinly scattered solitary
stars between the large interstices of
nebule, which, being situated so as to
be nearly equally attracted by the sev-
eral clusters when they were form-
ing, remain unassociated. And
though we cannot expect to see these
stars, on account of their vast dis-
tance, yet we may well presume that
their number cannot be very consider-
able in comparison to those that are
already drawn into systems; which
conjecture is also abundantly con-
firmed in situations where the nebule
are near enough to have their stars
visible; for they are all insulated, and
generally to be seen upon a very clear
and pure ground, without any star
near them that might be supposed to
belong to them. And, though I have
often seen them in beds of stars, yet
from the size of these latter we may
be certain that they were much nearer
to us than those nebule, and belonged
undoubtedly to our own system.

Frederick William Herschel was born
in Hanover, Germany, November 15, 1738,
and died in Slough, England, August 25,
1822. He began his career as a musician
in the band of the Hanoverian guard, at
the age of 14. At 19, having already
served for a time in the Seven Years’ War,
his family sent him to England, where he
lived by teaching music. When he was 28
his appointment as organist at the chapel at
Bath brought him to the climax of his
musical fortunes and gave him leisure to
study. He turned to astronomy and, since
he could not buy a suitable telescope, he
made himself one. In 1772 Herschel
brought his sister Caroline to England, and
she soon became his assistant and as en-
thusiastic an astronomer as he. Herschel’s
first paper on astronomy was presented to
the Royal Society in 1780. The next year
the Society presented him with the Copley
Medal. Variable stars, sun-spots, and the
rotation of the planets were his first sub-
jects of study. He discovered the planet
Uranus in 1781. The next year he began
a catalog of the stars, and during that
study identified many pairs of double stars,
Herschel’'s theory of isolated star systems,
though not highly regarded in his day, has
recently become a very fruitful hypothesis
for present-day astronomers.
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