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Instrument Shows “Movies” of Sun

Astronomy

By JaMES STOKLEY

Great flames of gas, shooting out
from the sun at speeds of 250 miles a
second to heights of half a million
miles. Solar whirlpools, with masses
of hydrogen larger than the earth it-
self flowing into the sunspots with
immense rapidity. For untold ages,
such things have been happening on
the sun, 92,900,000 miles away from
you as you read this.

But not until a few years ago was
man first vouchsafed a view of these
happenings that would have taxed
even Dante’s imagination. The first
man to see them was a quiet, mild-
mannered gentleman of Pasadena, Cal-
ifornia—Dr. George Ellery Hale, well-
beloved honorary director of the Mt.
Wilson Observatory of the Carnegie
Institution of Washington. As a re-
sult of his labors hundreds of other
people have seen these same effects.
Duplicates of his instruments are be-
ing placed in observatories throughout
the world, amateur astronomers are
making the equipment with which to
make such observations, and before
long there will be such a continual
watch of the doings of the sun as
that orb never before experienced.

Dr. Hale occupies a unique posi-
tion—not only in astronomy, but in
the general field of scientific research
as well. The son of a wealthy Chi-
cagoan, he early became interested in
science and was provided with tele-
scopes and microscopes. But unlike
most boys that are so fortunate, he
soon became interested in the investi-
gation of the things he saw—not mere-
ly in looking at them, exclaiming with
wonder at their beauty or curious
appearance, and then passing on to
something else.

Recently he told the members of
the Astronomical Society of the Pacific,
through their publications, how he be-
came interested in the sun.

“I was fascinated by the marvelous
views of rotifers and other infusoria
under my microscope,” he said, “but
I wanted to investigate them and T
did not know how to go about it. I
did contrive to couple my telescope
with a camera, and thus make photo-
micrographs of various objects, but
this was not research. I collected fos-
sile from the limestone rocks that filled
the breakwaters of Lake Michigan,
and so became interested in evolution,
but I did not see how I could add any-
thing of importance to its study. My
books told me how to make this and
that experiment in chemistry and

A SOLAR PROMINENCE, or great
flame of hydrogem, that shot out from the
sun and was photographed with the speciro-
heliograph at the Mt. Wilson Observatory.
Dy. Hale’s latest invention makes these
visible to the eye. The white circle repre-
sents the size of the earth on the same scale

physics, and no one could enjoy them
more than I did. But what I wanted
was a description that I could follow
of a connected series of experiments,
leading step by step to the develop-
ment of some branch of science and
giving a clue to the nature of re-
search.

“My microscope, however, had
taught me two of the most important
principles underlying original research:
first, that invisible worlds, full of the
most beautiful and intricate phenom-
ena, lie all about us, offering endless
possibilities for investigation ;and sec-
ond, that special instruments and
methods may be devised for render-
ing them accessible to study. Thus I
was prepared, when I improvised my
first telescope, to appreciate a little
more clearly the steps open to the
investigator.

“When I had finally obtained a
4-inch telescope, and mounted it upon
a heavy brick wall so that it projected
above the roof of the house and af-
forded an unobstructed view of the
sky, I was delighted with all that it
showed me. But after observing night
after night the long range of celestial
objects and finding them (as it
seemed) so completely described in my
books, the desire to learn something
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new and the need of a guide became
more insistent than ever. It was evi-
dent that photography offered limitless
opportunities, and as my telescope had
no driving clock, I first tried my hand
onthe sun. About this time I began to
read of the spectroscope and to per-
ceive dimly that of all the allies of
the astronomer this comparatively new
instrument, if aided by photography,
offered more promise than any other.

“Even now I cannot think without
excitement of my first faint percep-
tion of the possibilities of the spectro-
scope and my first glimpse of the
pathway, which rapidly became clearer,
thus suggested for me.”

By 1890 he had graduated from
Massachusetts Institute of Technology
and returned to Chicago, where he
had a private observatory, known as
the Kenwood Observatory, at which
some of his most important work was
done. Here he invented the spectro-
heliograph, forerunner of his latest in-
strument, and by which, for the first
time, it was possible to photograph
the sun in the light from a single
element.

A few years later the University
of Chicago was about to start a great
new observatory, with the world’s
largest telescope, using funds provided
by Charles T. Yerkes. Dr. Hale was
selected to organize and serve as first
director of this now world-famous
Yerkes Observatory. As a result of
his success there, when the Carnegie
Institution, in 1904, decided to found
a great observatory chiefly for the
study of the sun, Dr. Hale was again
selected as the organizer and first di-
rector. From this has arisen the great
Mt. Wilson Observatory, perhaps the
best-known in the world, and with the
largest telescope.

When the World War came, and
when our nation was involved, Dr.
Hale’s organizing abilities again served
in good stead in the formation of the
Council for National Defense, now
the National Research Council, which
is the central body for the organiza-
tion of scientific research throughout
the country. Largely due to his un-
ceasing labors during the war, his
health broke down after the conflict
was over, and finally he had to retire
as director of the Mt. Wilson Obser-
vatory. He was made its honorary
director.

But even retirement could not stop
such an active brain, and in recent
years he has continued to assist as-
tronomical work in (Turn to page 109)
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DR. GEORGE ELLERY HALE, founder

of two great observatories and inventor of

the spectroheliograph and, now, the spectro-
helioscope

many ways. The announcement was
recently made in the papers that a new
astronomical telescope, with a mirror
200 inches in diameter, four times the
ar a of the present champion at Mt.
Wilson, was to be made for the Cali-
fornia Institute of Technology, close
neighbor of the Mt. Wilson Observa-
tory at Pasadena. It was announced
that the International Education Board
would provide the funds, running well
into the millions. But the name of the
man who has successfully brought this
project to culmination was almost
overlooked. That name was George
Ellery Hale. Now active design of
the new telescope has begun, and still
his is the guiding spirit behind it.

It was the sun with which Dr.
Hale began his serious scientific work,
and on which he has shed so much
light, so it is appropriate that over
the entrance to his private laboratory
and observatory in Pasadena there
should be a representation of the
Egyptian sun-god, suggested, perhaps,
by his close friend, Dr. J. H. Breas-
ted, famed egyptologist of the Uni-
versity of Chicago.

This private workshop is the scene
of the invention of the spectrohelio-
scope, with which it is possible to see

“Movies” of Sun—Continued

“movies” of the sun. Everyone knows
how a prism breaks up a beam of
white light into its component colors
and forms a spectrum. Not quite so
many people know that the same thing
is done by a piece of polished metal
on which are ruled fine lines, thou-
sands to the inch. The astronomer
calls this a diffraction grating, or sim-
ply a grating. When the light from
the sun is passed through a narrow
slit, then through the proper lenses
to a grating or prism, and the re-
sultant beam of colored light is ex-
amined by other lenses, the colored
spectrum is seen, crossed by numerous
dark lines.

If this same combination of prisms
and lenses, which is called a spectro-
scope, is used to examine the light
from white hot metal, such as the fila-
ment of an electric light, the colored
spectrum appears, but the dark lines
are absent. This is called a continuous
spectrum. Still a third kind can be
obtained from the bright yellow light
that appears when a pinch of salt is
dropped into the blus flame of a gas
range. The spectroscope shows this
yellow light from salt to consist only
of yellow. Its spectrum is merely a
pair of bright yellow lines, very close
together, against a black background.
It is called a bright line spectrum, and
is due to the glowing vapor of sodium,
one of the two elements that make up
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ordinary table salt. Potassium, pres-
ent in caustic potash, gives a bright
violet line, and the different elements
have their own characteristic bright
line spectra.

Suppose now that you have a spec-
troscope and are looking at the spec-
trum of the sun and the sodium light
at the same time, and have it ar-
ranged so that the two spectra are
side by side. Then it will be found
that in the yellow part of the solar
spectrum there are two dark lines,
and that these exactly coincide with
the two bright yellow lines of the so-
dium spectrum. If the light from an
electric light filament is passed through
a flame of burning sodium, the same
two dark lines appear. This shows
that glowing sodium vapor not only
gives off yellow light of its own, but
that when brilliant white light, con-
sisting of all the colors, is passed
through it, the same part of the yel-
low light is removed. The sun is thus
shown to consist of an inner glowing
mass, which would give a continuous
spectrum, if we could see it, sur-
rounded by a layer of glowing gases,
which absorb certain parts of the
light and cause the dark bands. If
this were the case, the outer layer by
itself should give a bright line spec-
trum. Just at the beginning or end
of a total eclipse of the sun, the dark
moon covers up (Turn to next page)

A T AL O R i

MIRRORS
v

ol

/ sur (\

N il n
//f"/ \

Yo

7

oy

“;mc;,\' ﬁg SRATING

g « voror

« Rew-P- 1928

LOW POWER
OCULAR

Eve‘éé ALrE

2% st

PLANE PARALLEL

L?NG FOCUS LENS

Al

CONCAVE. MIRRORS

—1

[
- F oscILLATING / t
COELOSTAT BAR

PLAN VIEW SHOWING

1stsLir

S

OPTICAL  TRAIN

HOW THE SPECTROHELIOGRAPH WORKS. The light from the sun, after pass-

ing through the lens and slit is broken up by

the gratmg into a spectrum. When the slits

vibrate, the surface of the sun can be watched in the light of a single element. (From

drawing by Russell W. Porter for “Amateur Telescope Making.”

Reproduced by courtesy

of Scientific American Publishing Co.)



110

Source Books in the History
of the Sciences

Dr. GREGORY D. WALCOTT, Consulting Editor

We have just published the first volume of our new series of Source Books
in the History of the Sciences. This series under the editorship of Dr. Gregory
D. Walcott has been endorsed by the American Philosophical Association, the
American Association for the Advancement of Science and the History of
Science Society; and also by the American Anthropological Association, the
Mathematical Association of America, the American Mathematical Society, and
the American Astronomical Society in their respective fields.

Just Published
A Source Book in Astronomy

By HARLOW SHAPLEY, Ph.D,, LL.D.
Professor of Astronomy in Harvard University and Director of the Harvard
Observatory

and HELEN E. HOWARTH, A.B., A M.

Research Assistant at the Harvard Observatory
412 pages, 6x9, illustrated, $4.00

The book presents the most significant passages from the works of the most important
contributors to astronomy from Copernicus to Percival Lowell. It covers therefore the
period from 1500 to 1900.

It is intended as a convenient source book of original writings of the great astronomers.
Enough of each selection is given to present to the reader a satisfactory view of the
writer’s main discoveries or contentions.

You may be interested to read—
COPERNICUS on
Whether the Earth has a Circular Motion.
BRAHE on
A New Star, not Previously Seen within the Memory of Any Age Since the
Beginning of the World.
KEPLER on
Reconcilings of Text of Sacred Scripture that Seem to Oppose the Doctrine
of the Earth’s Mobility.
ADAMS on
The History of the Discovery of Neptune.
MAXWELL on
The Nature of Saturn’s Rings.
SPENCER on
Cosmic Evolution.
von HELMHOLTZ on
The Source of the Sun’s Heat.
NEWCOMB on
Researches on the Motion of the Moon.
LOWELL on
Life on Mars.
Etc., etc.

McGRAW-HILL FREE EXAMINATION COUPON

McGRAW=HILL BOOK CO., INC.
370 Seventh Avenue, New York City.

You may send me on approval for ten days’ free examination a copy of Shapley and
Howarth’s SOURCE BOOK IN ASTRONOMY ($4.00). I agree to return the book, postpaid,
in ten days or to remit for it at that time.
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Solar Movies—Continued
all of the sun but a part of this outer
layer, and that time its spectrum does
appear as a host of bright lines.

This outer layer is called the chro-
mosphere. Ordinarily it is in a rather
quiescent state. Gravity, of the great
solar mass, tries to pull it inwards,
but there is so much light leaving the
sun, that it exerts a pressure out-
wards, the two practically compen-
sate for each other. Sometimes the
radiation of light from one part ot
the inner layer may increase, and the
glowing gases of the chromosphere
may be thrown outwards for great
distances—even to half a million miles
or more. When this takes place, we
have what is called a prominence.

Though prominences of the sun are
frequently occurring, they are invis-
ible to the unaided eye, or even when
one looks through a telescope, equip-
ped with the darkening equipment that
makes looking at the sun a safe pas-
time. The reason for this is that they
are so much fainter than the bright
background. During a total eclipse,
the moon just covers the bright area
of the sun, and then, if there are any
prominences they will be easily seen.

But there is another way of seeing
them, and one does not need an eclipse
to do it. If the light from an incan-
descent lamp, that gives a continuous
spectrum, is passed through a power-
ful spectroscope, the spectrum is spread
out much more than with a smaller
instrument. As the same amount of
light must cover a much larger area,
the spectrum through a large spectro-
scope is much fainter than through a
smaller one, if the light source is the
same in each case. With the sodium
light the case is different. The two
lines are seen through a small instru-
ment at just about the same brilliance
as with a large one, though farther
apart. The reason for this is that the
sodium light is entirely of a single
color—yellow. The spectroscope breaks
light composed of several colors into
bands of each; light already consist-
ing of a single color cannot be broken
farther.

This was the principle first used to
reveal the prominences without an
eclipse. By passing the light from the
edge of the sun, where the promi-
nences are best seen, through a spec-
troscope of high power, the light from
the inner part of the sun is spread
out into a very faint spectrum, but the
light of the prominence itself goes
through uidisturbed. The glare of
the background is no longer so great
that it drowns out the fainter glow
of the prominence. This sort of a
spectroscope only (Turn to page 117)



Solar Movies—Continued

A SOLAR TORNADO, like this, sur-

rounding a sumspot, can now be seem with

the spectrohelioscope, and the flow of the
hydrogen actually watched

shows a tiny bit of the sun at a time.
In order to reveal the entire sun in
the light from a single element in the
chromosphere, Dr. Hale invented, in
1895, the spectroheliograph. In order
to get a good spectrum, the light must
first be passed through the narrow
slit. The image of the sun, as formed
by a large telescope, may be several
inches in diameter, and so the slit
cannot take in more than a very small
slice of the sun at a time. But if the
slit is as long as the diameter of the
solar image, and is moved in the di-
rection at right angles to its length,
then the entire sun may be covered.

One moving slit is not sufficient,
for when it moves, the spectrum, on
the other side of the prisms or grat-
ing, also moves, and all that the ob-
server sees is a spectrum, with its
various lines, passing across the field
of view.

Suppose that you want to examine
the sun in the light of the red glow
of hydrogen. The first slit is not in
the middle of the sun, and you look,
through an eyepiece, at the dark red
line of hydrogen in the spectrum.
Now suppose that you have a second
slit, just the width of this line, and
you adjust it so that all of the spec-
trum, except the line itself, is cut off.
Then you will see that the line is not
dark, but has a faint red light of its
own. Now move the slit under the
solar image. This will move the red
line, so you more the second slit, and
make it follow the line. To save
trouble, you attach a motor, and the
proper gearing to the two slits, so
that they both move across the sun at
exactly the right speed. Instead of
looking at it with (Turn to next page)

White Hair Runsin Family
Geneties

When young Ann complains that
her hair is turning gray Aunt Ann
may remind her that it runs in the
family to get gray early in life. She
will be stating a scientific fact, in
all probability. Prematurely white
hair does seem to run in families.
A family in which prematurely white
hair occurred in five generations has
just been reported by Humphrey ]J.
H. Hare of Emmanuel College, Cam-
bridge, England, in a communica-
tion to the American Genetic Asso-
ciation :

“The abnormal persons show no
abnormality until they reach the age
of seventeen or eighteen,” reported
Mr. Hare. The hair turns slowly
white and by the age of twenty-five
has completely lost its color. In
every instance the abnormal indi-
vidual has had one abnormal parent.
Mr. Hare explains the case by the
assumption that the abnormality be-
haves as a simple Mendelian domi-
nant. In other words the tendency
to have white hair at the age of
twenty-five may be inherited like
blue eyes or the shape of the nose.
Over half the members of the family
during five generations had the ab-
normality.

8ctence News-Letter, February 28, 1929

Moon Like Volcanic Ash

Astronomy . .
Whatever the moon consists of, it

is some very porous material similar
to volcanic ash on the earth, and not
at al] like any solid rock of which
we know.

This was the announcement made
by Dr. Paul S. Epstein, of the Cali-
fornia Institute of Technology, using
data furnished by measurements of
the moon’s temperature during a re-
cent lunar eclipse by Dr. S. B. Nich-
olson and Dr. Edison Pettit, of the
Mt. Wilson Observatory.

A mathematical expression of the
way the moon cooled when it en-
tered the dark shadow of the earth,
and so received no heat from the
sun, gave the value of 120. Dr. Ep-
stein made similar measurements in
the laboratory of the cooling of va-
rious materials. Granite gave a value
of 16, which meant that it cooled
more slowly. Basalt gave 24, and
quartz sand 58. Pumice stone, how-
ever, gave values of between 100 and
150. As pumice is of volcanic origin,
this appears to be new evidence in
favor of past volcanic action on the
moon, which may have formed the
craters.

Science News-Letter, February 23, 1929
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NATURE RAMBLINGS
By Frank THONE

Natural History

Partridgeberry

Of late years florists and street
hawkers have been offering decora-
tive trailers of little green leaves,
interspersed with pairs of bright red
little berries, and these “greens”
have become quite popular as table
decorations during the winter. It is
an ungrateful task to have to keep
saying “stop”; but unless the Amer-
ican public goes a little slow on the
partridgeberry its children will have
to get along with just one less at-
tractive ornamental ground-covering
vine in the woods. There is still
plenty of this plant left, but there
won’t be long if the demand keeps
on pressing the trade.

It would be a pity to see the par-
tridgeberry vanish. It is such a
pretty thing, with its hardy evergreen
leaves brightened with whitish veins,
its pairs of tiny white flowers in the
spring and its twin berries (another
name for it is twinberry) in the
autumn and winter. It would be bet-
ter to coax it into growth in parks
and on large timbered estates. For
it has the great virtue of being able
to grow on acid soil under the shade
of trees—a situation little to the lik-
ing of most low-growing plants of
possible use as ground cover.

It is easily satisfied in the matter
of climate, too, for its natural range
runs from Nova Scotia to Minnesota
on the north, and sweeps southward
to Florida and Mexico. A second
species is found in Japan.

The botanical name of the genus is
Michella. This is a monument to
friendship between an American and
a Swedish scientist a couple of cen-
turies ago. For Linnaeus named the
plant in honor of his fellow-botanist
and correspondent, Dr. John Mitchell,
of Virginia.

Science News-Letter, February 23, 1929
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Solar Movies—Continued
the eye, you place a photographic plate
right back of the second slit, and so
you get a picture of the sun, made en-
tirely in the red light of hydrogen,
made up of a vast number of tiny slices.

This is the spectroheliograph, first
great invention of Dr. Hale. It has
been used constantly at a great num-
ber of observatories in the last thirty
years.

However, it has one disadvantage.
An exposure may take several min-
utes. The astronomer cannot watch
the sun while he is taking it, and so
he has to shoot more or less blindly.
There may be something interesting
happening on the sun at the time, or
again there may not be. What was
needed was a method of actually
watching the sun in the light of a
single wave-length. To do this, Dr.
Hale invented the spectrohelioscope,
the name of which simply means that
it is an instrument to see the sun with
the aid of its spectrum. In this de-
vice, the two slits oscillate back and
forth so rapidly that when the as-
tronomer looks at the second slit
through an eyepiece, he sees a large
area of the sun. It can be arranged
to show the entire sun at once, but
in its usual form it only shows a
piece of it, on a larger scale than
could be seen with the whole solar
disc. Though this might seem like a
simple and obvious development of his
earlier instrument, there were a num-
ber of difficulties to be overcome be-
fore it could be successful, but now
that they have been surmounted, the
spectrohelioscope is now taking its
place as the latest addition to the bat-
tery of eye aids of the astronomer.

In fact, so much has the spectro-
helioscope, with the sun telescope to
go with it, been simplified, that it is
now being manufactured for a cost
no greater than that of a small auto-
mobile. Anyone with a little mechan-
ical skill can make one at a cost com-
parable with that of a good radio set.
Now Dr. Hale is interested in get-
ting a great body of amateur astron-
omers at work with such instruments
so that someone will be sure to be
watching the sun at every moment. It
1s not hard to operate, and anyone
who can give a little time regularly to
observe the sun with it may be able
to materially advance the astronomers’
knowledge of this source of all our
energy. And even if one can’t do
this, he will be sure of an interesting
and fascinating study that will give
him a new idea of some of the mar-
vels that are taking place in the world

about him.
Science News-Letter, February 23, 1929



