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WHAT MAKES THE STARS SHINE

*Wm. F. Rigge, S. J.

short time ago a little boy about ten years old asked

J\ me this question, "What makes the stars shine!"

I dare say that most of us would feel somewhat puz-

zled in an attempt to give a simple and satisfactory

answer. And no wonder, since it is only within the

last century that even the most learned scientific men
have been able to do it. Let us take the subject, then,

as the theme for our reflections in this issue of

the Chronicle.

Shining bodies belong to the category of luminous ones,

that is, those that our eyes can see or that send us light. They

may do this in two ways, either by being self-luminous and gen-

erating the light they send us, or by being illuminated and re-

flecting the light that falls upon them from other bodies. Let

us take up the latter class first.

Illuminated bodies are by far the most numerous of those

that we have to deal with on earth. With the sole exception of

the sun in the sky, practically all that our eyes can see in the

daytime are illuminated bodies, that is, bodies that reflect to

us some of the light they receive directly or indirectly from the

sun. The people that we see, the animals, plants, houses, furn-

iture, the whole -landscape with its mountains and valleys and

plains, are all illuminated immediately or mediately by the sun.

They have no light of their own, and are therefore completely

invisible when no light from any source falls upon them.

Very few of the heavenly bodies belong to this class of

illuminated ones. The moon is the most conspicuous of them all.

It shines exclusively by reflecting the light it receives from the
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sun. It has no light whatever of its own. Even the ancients

knew this, since the proof of it is in the phases of the moon and

in its eclipses. For if the moon were self-luminous like the sun,

we would always have full moon, and its passage through the

earth's shadow would rather intensify its brilliancy than take

it away entirely.

Next to the moon we have the five planets known to the

ancients. Of these, at present, Venus is our brilliant evening

star in the western twilight, and Jupiter in the east in the early

evening. Mars and Saturn are now morning stars, and Mercury

is generally so near the sun that it is seldom seen. That these

do not shine by their own light but reflect that of the sun,, is

proved by their periodic change of brilliancy which depends

essentially upon their position relatively to the sun and to the

earth. The most convincing scientific proof, however, is fur-

nished by the spectroscope, which shows that the spectra of the

moon and the planets are solar ones only slightly modified by

absorption.

The telescope shows us also two large planets, Uranus and

Neptune, about twenty-six satellites or moons of the planets,

and about eight hundred planetoids or asteroids, all invisible

to the naked eye, all members of our solar system, and all

shining by the reflected light of the sun. They complete the

entire number of heavenly bodies that are not self-luminous,

that must be illuminated by the sun in order to be visible to us.

The second-class, that of self-luminous bodies, are those

that generate their own light. The greatest of these for us is

the sun, then come all the countless stars in the heavens and

all the artificial lights we have on earth, such as candle and

gas flames, and fires of all kinds, electric lights, and also the

natural lights of the fire-fly, the northern lights, phosphor-

escences and the like. All these generate their own light.

The immediate cause of all artificial lights is heat. This is

not essentially necessary, and many inventors have labored for

years in trying to produce light without heat, but so far without

success. The lightning bug and other fire flies do it—they pro-
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duce light with only as much heat as ordinary muscular exertion

requires, whereas we must as a rule generate ninety-five per cent

of heat in order to get five per cent of light.

The production of light then rests practically upon the

production of heat. In candle and gas flames and in all fires the

heat is caused by an intense and rapid union of the oxygen in

the air with the combustible body, so that the latter is said to

be consumed. Electric light is caused by the great resistance

offered by a conductor to the passage of an electric current.

The long electric waves are then chopped up into the small ones

of heat and the still smaller ones of light, the same as happens

to the waves of the sea when they strike shallow ground.

Now how does the sun generate its light! The unanimous

answer of all scientific men is that it is by its heat. How then

does the sun generate its heat! To this the answer is not so

unanimous. Various theories have been proposed, many of

which have already been relegated to the scrap heap. For the

sake of general information, it is useful to refer to some of them.

First, some people have thought that the sun was either

created very hot, or that it got its supply of heat in some way
unknown to us, but that in either case it does not now generate

any heat, but merely gives off from its original deposit, just as

a poker would do when taken red hot out of the fire. The sun

would then cool down in time, from being white-hot it would

become red-hot, and would finally lose all its heat and light and

become like the earth and the moon. From the known amount

of heat radiated continually by the sun and from its size, how-

ever, we can easily prove that in two thousand years its output

of heat would have noticeably diminished. That this is not the

case, we know from the testimony of ancient writers, that the

climates of the earth, the habitats of plants and animals, and

many other similar and connected facts are the very same now

that they were two thousand years ago. The sun, therefore,

cannot be a hot body simply cooling, it must generate all or at

least most of the heal it sends us.

A second theory maintained that the sun is a huge fire,
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that it is burning like coal in a stove. This also cannot be true.

Not to mention the difficulty of getting rid of the ashes in an

invisible way, and receiving the necessary supply of oxygen,

we can prove that the very best fire, that of a lump of solid carbon

as big as the sun burning in pure oxygen, could not give us heat

enough for more than nine thousand years. And even the

diminution of the sun's substance by this burning would long

ago have become evident in a considerable change in the earth's

orbit.

A third theory accounts for the maintenance of the sun's

heat by the fall of meteors. It says that a body can generate

a thousand times more heat by its impact with the sun than it

can by burning. Very true, but then the amount of matter

that would have to fall into the sun every minute to keep up

its present output of heat would be so considerable that the sun

would increase noticeably in size, and this again would affect

the earth's orbit by an increase of gravitational attraction.

And then as the sun would have to pick up his meteoric meal in

his journey through space, the earth also would be entitled to

her share and would become red-hot from this cause alone.

As this is fortunately not the case, the meteoric theory of the

sun's heat must be abandoned.

The fourth theory is that of Helmholtz. He says that he

sun generates its heat by contraction. As the sun's mass is

enormous, more than 330,000 times that of the earth, which itself

weighs 6,000 millions of millions of millions of tons, the force

of gravitation which pulls all this matter together, pulls it so

hard that it squeezes itself white hot. And there are many illus-

trations to prove the correctness of the explanation. We know

that a bicycle pump soon becomes hot, not by friction, but by

condensing the air and the heat it holds into a small space, and

thereby increasing its intensity and its temperature. The re-

verse process of allowing condensed gases and vapors to expand

quickly, generates great cold, as we see in artificial refrig-

erators and in the liquefaction of air and other gases.

An interesting experiment which the reader has probably
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never witnessed and which is is easily performed, is to take a

steel ribbon like a hack-saw blade or a straightened piece of

clock spring, to hold it in a flame until it becomes red hot and

then to withdraw it. The red glow will become dark, but will

brighten up again for a moment before it finally ceases to be

visible. This is called recalescence, and is due to the fact that

at a certain temperature the steel contracts faster than it loses

heat, so that it actually squeezes itself hot. The same is the case

with the sun. As it parts with some of its heat, it must shrink

in size. This shrinkage then compresses it more and thus gen-

erates more heat. With its diameter of 886,000 miles, a fall-

ing-in of its entire surface of only about 150 feet in a year would

account satisfactorily for all its output of heat. This shrinkage

is so small that it would take us nearly eight thousand years

to detect it.

This explanation cannot be said to have been proved—it is

yet a theory. It cannot however, be disproved, and is therefore

accepted by all scientific men. It will put us greatly at our ease

to know that the sun can generate heat enough to last us for at

least five million years to come.

The sun's heat and light are therefore generated in cause

by its own enormous size and by the fact that it is as yet a pure

gas. When it shall have lost so much heat that its size will have

shrunk to about one-half of its present diameter, it will begin

to liquefy and then to solidify, after which shrinkage will no

longer be possible and with it the generation of heat will cease.

All that we said about the sun applies completely to every

star in the heavens, because every star is a sun like ours, and

our sun is one of the stars. If we could get as near to the stars

as we are to the sun, we should find them of all sizes, many
smaller than our sun, and many thousands and even millions

of times as large. The stars are therefore self-luminous, as the

spectroscope abundantly proves. They shine, because their

enormous size and their gaseous constitution generate heat

and then light by compression or shrinkage. It is therefore

literally true to say that the stars shine because they squeeze

themselves hot and white-hot.


