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DOUBLE STAR SYSTEMS.
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|HE continual increase in the number and size and per-

fection of astronomical instruments, together with the

progress in the skill of men that use them and study

and measure and discuss their results, are ever lead-

ing astronomers into new avenues of research and into

more refined methods of investigation. Astronomy,

although the oldest of the sciences, is as vigorous and

as prolific as the youngest of her sisters. It requires

continuous and attentive reading of at least the more

prominent of the technical astronomical journals to keep pace at

all with the latest advances and to remain au courant with events.

One of the most recent and refined investigations, which can

to some extent be made intelligible to the ordinary non-profes-

sional reader, relates to double-star systems. A few words of

introduction will be necessary before we can approach the sub-

ject in hand.

A little over a century ago Sir William Herschel laid the

foundations of this branch of astronomy. He saw that many
stars were not only double, that is, consisted of two stars of

equal or unequal brightness very close together, but that these

stars revolved about each other in closed orbits and in this way
formed systems which somewhat resembled that of the sun and

earth. I say somewhat because, while the sun and the earth

really move in ellipses about their common center of gravity as a

focus ; the ellipse described by each is the smaller as the body is

the more massive, so that the orbit of the sun is very small in

comparison with that of the earth. Let me add, in parenthesis,

that as each planet forces the sun to move in a corresponding

ellipse, the sun's orbit is the resultant of all these ellipses. In
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double stars, however, the difference in size of the two com-

ponents is never as great as that which obtains between the earth

and the sun, so that the orbits of both are never very dispropor-

tionate and are often equal. For this reason, while we use the

more convenient expression that the fainter of the two stars re-

volves about the brighter, instead of the more rigorous one, that

both move about their common center of gravity, the fainter star

is always called by astronomers a companion, and never a satel-

lite.

As the telescope can only show us the distance between the

two components, that is, the sum of the distances of both from

their common center of gravity, we always regard the brighter

star as fixed and the fainter one moving about it in an orbit,

whose dimensions are the sum of the dimensions of both orbits

just as we say that the earth moves about the sun as a center.

Mathematics may demur to some extent, but as the results are

the same and half the labor of computation is saved, and espe-

cially as in most cases we have no knowledge at all of the relative

masses, there is no other method of procedure, and theory must

for the once yield the right of way to practice.

It is only by means of the spectroscope that we can arrive

at any knowledge of the masses of the component stars, and that

indirectly through their velocities. As both stars complete their

respective orbits in the same time, it is evident that their speed

must be directly proportional to their orbits and that conse-

quently once we know this speed, we can compute the masses. It

is the privilege of the spectroscopic method that it enables us to

measure this speed in miles per second, without requiring us in

advance to know the distances of the stars from the earth. Here

again a few words of explanation may be necessary.

We may know that the most essential constituent of a spect-

roscope is generally a prism or triangular piece of glass, which

spreads a beam of white light into all the variegated colors of the

rainbow. Without going deeper at present into the theory and

practice of this valuable adjunct to the telescope, let us be satis-

fied to know that between and among the rainbow colors there are

narrow, black portions, or lines, as if certain shades of color were

wanting in the ribboned spectrum, and that these lines, while
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possibly never all identical in any two stars, are, however, in

such numbers and in such positions as to constitute spectroscopic

classes. And finally, as light is a wave motion, and as colors

differ only in the frequency and length of the waves, whenever a

known spectrum line is shifted somewhat out of place we can

measure this shift, find the excess or deficit of the number of its

waves, and then account for it by a respective approach to re-

cession from the earth, thus finding the star's speed in miles

per second.

While some stars seem to be permanently going away from

us, or we from them, or both from one another, and others ap-

proaching, some recede and approach in turn with variable speed.

To this latter class belong the double stars, whose spectra, when
measurable, show the exact motions that mechanics demand, and

that have often furnished most interesting proofs of accepted

theories.

In the double-star systems that have thus far been mentioned

both components have been supposed to be visible in the tele-

scope. This is distinctly the branch of astronomy that Her-

schell founded, and as such is still much cultivated by many first-

class observers. The number of such systems is very large, ex-

ceeding ten thousand as a lower limit, and the apparent distances

of the components vary from absolute coincidence even in the

largest telescopes to distances that are difficult to limit. Com-
plaint is already made that close stars have separated incon-

veniently far for accurate measurement, and that widely apart

and neglected pairs have closed up. With all the new systems

and methods of observing presently to be mentioned, this com-

paratively older branch is developing too rapidly for satisfactory

treatment, since there are not only the known pairs to be fre-

quently measured, but new ones are being discovered continually.

The periods of revolution have been found to range from a few

days to thousands of years, and very often the faint companion

is more massive than its brilliant associate. The masses of some

are less than that of our own sun, which, as we know, is 330,000

times as heavy as the earth and 1,300,000 times as bulky, while
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the masses and brilliancy of others are thousands of times

greater than those of our sun.

There is another large class of double stars, whose duplicity

we have on the authority of the spectroscope alone, since no tele-

scope ever constructed has disclosed more than a single point of

light. We said a while ago that a shift of the spectral lines of a

star was a proof of its motion towards or away from us. Pick-

ering of Harvard noticed about twenty years ago that certain

stars showed at some times many more lines than at others. In-

vestigation proved that there were then two spectra, which must

come from two stars, one approaching and the other receding.

These stars were, therefore, spectroscopic doubles; they con-

stituted a double star system so immeasurably remote from us

that in spite of their size and distance apart, they appeared to

us at all times as a single speck of light. At the spectroscope

can tell us from the shift of the lines the exact speed of the stars,

without requiring us to know their distances from the earth,

we are able to compute the masses of the stars and the sizes of

their orbits.

There is still another class of double stars, as far from us

as the spectroscopic doubles, if not farther, which illustrates the

connection between apparently dissimilar branches of the same

science. They are always grouped in the text books under vari-

able stars, that is, stars whose light is observed to vary. A
close study of the particular class of variables with which we
are dealing at present shows that the light of some individual

stars generally rises to two equal maxima and sinks to two un-

equal minima during each complete cycle of variation. The ex-

planation given is that there are two stars, generally unequal in

brilliancy, which form a double-star system so remote that we
cannot separate the two visually. Twice during the period of

revolution the stars are so placed in regard to the earth that we
get the combined light of both. This gives us the two equal

maxima. Then as the stars revolve each takes its turn in being

on our side of the common center of gravity and thereby either

presenting a less luminous side to our gaze or partially or com-

pletely eclipsing its companion. These latter are called eclips-

ing variables. A careful analysis of the light variations of
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these stars has enabled astronomers to determine such facts as

the dimensions of the orbits and the relative sizes and brilliancy

of both components. It has told them whether the eclipse is cen-

tral, total or partial, and whether the stars are equally bright all

over or fainter on the side turned away from the companion, and

even whether the stars are perfectly round or distorted by tidal

attraction. And the underlying fact that implicitly furnishes all

this knowledge is nothing more than a fluctuation of light, much
as if a flickering will-of-the-wisp was in reality a beautifully or-

ganized system of lustrous and revolving gems.

The study of double-star systems is a science all by itself.

This article has scarcely skimmed its surface. There is every-

where the greatest variety, so that divisions and subdivisions are

proceeding without limit. We have mentioned only three great

classes, visual, doubles, spectroscopic doubles and eclipsing vari-

ables. Some double stars belong to two of these classes. We
might add a fourth class, stars whose light never varies, whose

spectral lines are never doubled, but only shifted periodically,

so that they must revolve about a certain point, beyond which

there must be an invisible companion. Sometimes there is even

a second companion.

If the subject of double stars is already so bewilderingiy

large and diversified, what shall we say of triple stars, of mul-

tiple stars, of clusters of stars? And of the dimensions of the

universe, which is believed by many of the best astronomers to

be millions of light-years in diameter, so large that light traveling

at the rate of 186,000 miles a second, or 11,000,000 miles a minute

would take more than ten or even a hundred million years to

reach us from the confines of space. What rapturous knowledge

is reserved for us in the world to come

!


