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THE MOUNT WILSON OBSERVATORY.
HEN the Lick Observatory was about to be built, as-

^M tronomers were for the first time given unlimited

liberty in every detail, in its equipment as well as

its location with the merely nominal restriction, as

they themselves considered it, of placing the site

somewhere in the large state of California. As is

most natural on such occasions, they laid too much

emphasis upon what had been their greatest restric-

tion before, the site. They placed the observatory on a mountain

top, far from the unsteady and impure air of a large city, but

at the same time far from its civil and mechanical advantages.

In other words, the telescope was the best and its site was the

best, but the human nature of the astronomer was almost for-

gotten. Living alone, as it were, in an eaglet eyrie, twenty-

six miles of a steep and winding mountain road from the nearest

town, cut off at times completely even from this by the winter's

snows, how was he to get even the necessities of life, and, if

married, where was his wife, where were his children to live,

and where were they to go to school?

These difficulties have been solved to a great extent by the

erection near the Observatory of private dwellings for the

astronomer and of a school for the children. The automobile

has shortened the distance to civilization. Water from neigh-

boring springs and gasoline have furnished light and power.

And now, that sixty people live together on the mountain top,

the human element of the astronomer is receiving due con-

sideration.

Another difficulty soon made itself keenly felt, the want of a

shop in which small instruments or attachments could be built,

or at least repaired. When the astronomer had mailed the
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letter stating the nature of the repair he needed, he was obliged

to wait at least a week, often a month or two, before the instru-

ment could be returned, and when at last it did come, it hap-

pened very often that the mechanic had misunderstood his in-

structions, or the astronomer had miscalculated, or had in the

meantime excogitated a decided improvement. In any case,

the frequent result was chagrin and loss of time.

However, our earthly woes do not last forever. A few

years after the erection of the Lick Observatory, the hearts of

astronomers were gladdened again by an offer similar to their

first. They were to build a telescope and an observatory larger

than the Lick, and place it as near as they thought fit to the

great city of Chicago. Accordingly, the Yerkes Observatory

has not only a larger telescope (40-inch as compared with the

Lick 36-inch) and a greater amount of secondary apparatus,

but it is located on the plains, less than half an hour's ride from

a flourishing town, and within four hours' ride of Chicago.

Large mechanical and optical workshops are placed on the

ground floor of the observatory itself, and the shafting is sup-

ported on pillars, instead of being hung from the ceiling, in

order to suppress the vibrations of the machinery, in case the

telescopes should be used while the machines were running.

This was before the era of our modern perfected motors. The

astronomer can thus have the instrument repaired or built

under his very eyes, he can modify his views and apply improve-

ments as he sees it nearing completion. As an instance of these

facilities, we may mention that the 60-inch mirror on Mount
Wilson was ground here by Eitchie, and an entire 24-inch re-

flecting telescope constructed by him.

But the pendulum now swung too far to the other side.

The Yerkes Observatory, although over sixty miles from Chicago

and about forty from Milwaukee, was yet too near to the impure

skies of civilization, so that, when a third opportunity presented

itself, the choice of astronomers reverted to the mountain top

in California. While the Mount Wilson Observatory surpasses

the Lick and Yerkes in instrumental equipment, it enjoys to a
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great extent the advantages of both. It is situated on a mountain

higher even than that of the Lick Observatory. It is three

hours' ride by automobile from the business center of the large

city of Los Angeles, and two hours' ride from the latter 's in-

growing city of Pasadena, where its large shops, offices and

laboratories arc located and furnished with every modern facil-

ity, while an emergency shop and a smaller laboratory are in

adjoining buildings on the mountain. The astronomers use the

instruments in turn for a certain number of days in the month,

and spend the rest of the time at their choice in their so-called

"monastery" on the mountain, or in Pasadena or Los Angeles.

After this rather lengthy introduction to the Mount Wilson

Observatory, we expect to find it the very best in the world.

And so it is for the purpose it has set itself, that is, the observa-

tion, first and directly, of the sun, and secondly of the stars, in

so far as they disclose the stellar nature of our sun and the

solar nature of the stars. For this reason the word "solar" is

an essential element in its official title, The Mount Wilson Solar

Observatory. It has been built and is supported by the Carnegie

Institution of Washington, D. C, and is one of the greatest

donations to scientific research ever made by any one man in

the United States. For in addition to it, Andrew Carnegie has

endowed the Magnetic Department, which has already won the

gratitude of the world by its investigations of the magnetic

elements of the earth over all the oceans and over nearly all

the land of the globe. The Biological Department is no less

active.

The first instrument to be erected on Mount Wilson was the

Snow telescope, given by a lady of that name. Instead of mov-
ing the whole telescope weighing ten or more tons, and using

enormous clockwork to drive it and keep it pointed at a celestial

object in its path across the sky, only one large plane mirror

is provided with clockwork in a machine called a heliostat, while

the telescope rests immovably on the ground. The focal length

may be thus increased to any desirable extent and much greater

magnification obtained, at the expense however of some distor-
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tion and loss of light on account of the one or more mirrors that

are employed.

The tube of the telescope is replaced by a long and narrow

wooden building, protected by louvre-work against the heat of

the sun. The heliostat sends the rays of the sun along the length

of this building to its further end, 200 feet away, where they fall

upon a large concave mirror, which then reflects them back

almost the whole distance and form a real image of the sun,

twenty inches in diameter, upon any one of several instruments

according to the tilt of the mirror. Thus, the sun's image may
be allowed to fall upon a photographic plate, or upon the slit

of a spectroscope or a spectroheliograph.

Anyone who has never experimented on such a large scale,

would imagine, as astronomers did at first, that the more quiet

the air was in the long building between the mirrors, the better

the sun's image would be also. It was found, however, that the

upper layers of the air were warmer and therefore rarer than

the lower ones, and that as a consequence the rays of light suf-

fered unequal deviations and could not unite to form a perfect

picture of the sun. The remedy was soon found, and a number of

electric fans made to churn up the air and equalize its temper-

ature and density. The difficulty just mentiond then suggested

to the director, George E. Hale, the idea of a tower telescope, in

which the heliostat was to be placed high upon a tower and send

the sun's rays down vertically through a lens, which would then

form the image at a convenient height above the ground and

through it upon the spectroheliograph sunk below it in a pit.

The idea took practical shape in the form of a sixty-foot tower

telescope and thirty-foot spectroheliograph, which gave such

excellent results that a one-hundred-and-fifty-foot-tower and an

eighty-foot spectroheliograph are now in use. No enclosed tube

is used for the telescope, and the air is free to circulate as it

pleases. This freedom favors the evenness of its density, and

even if it did not and the upper and lower strata were unequally

heated, the cross-section of the beam of light would be homo-

geneous at any part of its length.
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The spectroheliograph, mentioned several times, is to a

great extent due to Prof. Hale himself. Although he gives due

credit to those that designed the instrument but were never able

actually to construct one, notably the Jesuit Father Carl Braun of

Mariaschein in Bohemia, still he deserves the glory of having

been the first to make one and overcome all of its practical dif-

ficulties. This he did while quite a young man at his twelve-

inch telescope in Kenwood, one of the precincts of Chicago.

His merits were rewarded to the extent that he became the first

director of the Yerkes Observatory, where he at once built a

much larger instrument and attached it to the forty-inch tele-

scope. When the Mount Wilson Observatory was erected, he

became its first director also, and still occupies that position.

His great ability and pecuniary resources have netted him many
valuable discoveries.

The spectroheliograph is a most elegant intellectual inven-

tion. Let us imagine ourselves standing at the base of the 150-

foot tower on Mount Wilson. The heliostat and lens are high

above us, but they have formed an image of the sun, 15% inches

in diameter, upon a sheet of paper spread upon a table just

before us. The image is bright enough not to need any enclos-

ing tube to encase the sun's rays, although of course a small

room has been built at the base of the tower to protect the in-

struments against inclement weather.

The image is very distinct, and we notice one or more sun

spots, which we might draw or photograph. However, we re-

move the paper, and see a long and very narrow opening, the

slit of the spectroscope, so narrow that we must take the as-

tronomer's word for it that there is an opening at all. This

slit is completely off the sun's image, but is made to move across

it with uniform speed. It is plain that only the narrow line or

chord it cuts out of the sun's image at any moment can send its

rays through the slit down upon the prisms of the spectrohelio-

graph in the pit below us. A mirror then reflects the rays,

now separated into a long spectrum, or rainbow-colored band,

upon a piece of ground glass placed near the slit on the table
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before us. From the bewildering forest of innumerable parallel

black lines set in their glorious colored field, the astronomer

selects one which he knows is due to the calcium, hydrogen, or

any other element in the sun. The spectrum is then so adjusted

that this one line falls upon a second slit and then upon a photo-

graphic plate placed closely upon it. The length of this line is

in proportion to the length of the chord that the first slit cuts

out of the sun's image at the time. It will be continuous or

interrupted, strong or weak, according as there is more or less

calcium, hydrogen, or the like, in the corresponding part of the

sun. Hence as the first slit moves across the sun's image, the

second moves across the photographic plate and there builds up

the sun' image in any color, so to speak, that is, in the element

that we have selected. In a word, and this is the beautiful princi-

ple of the spectroheliograph, we get a calcium, hydrogen or iron

picture of the sun, just as if at the moment that substance alone

existed where it is in the sun and all others were for the nonce

annihilated. Now as these various substances are of different

densities, they exist most probably at different levels on the

sun's surface. Hence by taking their spectroheliograms we
can study the sun in its third dimension. Placing for example, the

hydrogen picture of a sunspot upon its calcium picture, and

that upon its iron image, we can look at a sunspot sideways, and

can study its changes.

The unequalled size of the spectroheliograms that can be

taken on Mount Wilson have already disclosed many secrets con-

cerning the sun's constitution. The most brilliant discovery,

however, of Prof. Hale's, is probably that of the magnetism in

sunspots. The principle is this.

We may perhaps remember from our study of "advanced

physics '

' that in a ray of light the ether vibrates at right angles

to the direction of the ray. In ordinary light of any or all colors,

the distance from the central line line of any particle at any

moment follows a known law, but its inclination does not, so that,

if we had instruments for the purpose, the ray would look like a

rough rod. When light is polarized, this inclination is subject
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to law, so that the ray may be likened to one or more straight

or twisted ribbons existing simultaneously in the ray or diverg-

ing and separating. The reunion of these polarized rays in (lif-

erent phases or different colors produces the gorgeous pictures

that we delighted to see but despaired to understand.

Such polarization and interference may be produced by

crystals of various kinds, such as quartz, or Iceland spar, as

well as by magnetism. When we complicate matters still farther

by sending spectral colors along or across the lines of magnetic

force, we observe what is called the Zeeman effect and find that

our spectral lines may be resolved into two, three or more

components. It was by study of this kind in the small laboratory

on Mount Wilson and in the larger one in Pasadena, in conection

Avith a careful examination of spectrograms of sun spots, that

Prof. Hale was enabled not only to pronounce definitively that

there is magnetism in sunspots, but also to measure its intensity.

He says that this is sometimes as high as nine-thousand times

the earth's magnetism. For these very refined investigations

the 150-foot tower telescojje with its 75-foot spectrograph is

none too large, although it separates the D lines more than an

inch and shows seventy-five lines of the iodine absorption spec-

trum in this space between the D's. As slight changes in the

temperature of the sfjectrograph might produce all kinds of

errors, it is to prevent these as much as possible that it is sunk

into a pit.

It is certain that the magnetism in the sun cannot be owing

to the presence of permanent magnets such as lodestones, be-

cause even a moderate red heat is sufficient to deprive terrestial

substances of all magnetism. It is therefore most probably due

to the vortical rotation of the spots and to that of the sun on its

axis. Then the question arises as to what is the cause of the

magnetism of the earth, and whether all rotating bodies in the

heavens must be magnetic on account of their rotation. Thus
with increased instrumental equipment and with increased dis-

coveries, continually new problems present themselves for so-

lution.
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The chief instrumental glory, however, of the Mount Wil-

son Observatory at present is its 60-inch reflecting telescope.

A reflecting telescope as its name implies, uses a curved mirror

to reflect the rays of light, while a refracting one uses a lens to

refract them. A reflector has this enormous advantage over a

refractor, that it equally reflects all the rays coming from a star,

no matter of what color, it does not separate or disperse them

as a lens does. It has therefore but one focus for all the colors,

the same one focus for visual as well as photographic rays. A
simple lens has a different focus for every color, and even an

achromatic lens can in principle unite only two colors into one

common focus, so that when the lens is large, as in the Lick and

Yerkes telescopes, it is impossible to obtain as perfectly colorless

an image of a star as a reflector can produce. This is a defect

in the nature of the lens as we understand it at present, which

no optical skill can eliminate. It increases with increase of size,

so much so that most astronomers are of the opinion that no

larger refractors will ever be built, and that we have already out-

stepped the limit. As the defect mentioned does not exist at

all in a mirror, there is no limit in principle to the size of a

reflecting telescope.

To this advantage we may add the practical one that in a

mirror there is only one surface to be ground, whereas in an

achromatic lens there are four, and that the mounting of a re-

flector is also less expensive. However as nothing in this world

is absolutely perfect, a mirror does not reflect as high a per-

centage of the light it receives as a refractor transmits. And
when the silvering is tarnished, this percentage is still further

diminished. The silvering may be renewed, it is true, but this

requires time.

The mirror on Mount Wilson is sixty inches in diameter,

and may truly be said to be the largest telescope in the world,

because although there are two other mirrors of that size ex-

isting, they are comparatively unknown. It was ground by

George W. Richtey, and the whole mounting was designed by

him. Although its own weight is 1,900 pounds, and that of the
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moving parts of the telescope is 23 tons, the heliostat form of

mounting in which only a plane mirror is moved by the clock-

work, was rejected in order not to risk the distortion which this

second large mirror might produce, since its width would have

to be, of course, sixty inches and its length, on account of its

inclination, about twice as much, not to mention the loss of

light which this additional reflection from so large a surface

would entail.

The Mount Wilson mirror faces the celestial object direct-

ly, and forms an image of it as a distance of 25 feet in front of

the mirror. For the sake of greater convenience, a small plane

mirror throws this image to the side of the tube, where it may
be viewed or photographed. Additional concave and convex

mirrors so enlarge the image that it seems to come from a tele-

scope of 80, 100, and 150 feet focus.

The sight of this large telescope is truly impressive. All

its parts are of heroic size, and electricity controls its every

motion except that of directly operating the clockwork which

makes it follow a star in its motion across the sky. This clock

work is driven by a weight as usual, wound up, however, by

an electric motor, although in some observatories an electric

motor controlled by a distant time clock in a vault, is now being

used in a direct drive with encouraging results.

The building is in proportion to the large instrument it

protects, and has, like all the other apparatus, every modern
facility.

The work already done with the 60-inch mirror stamps it

undoubtedly as the largest and best telescope in the world. The

wonderful photographs taken with it by Prof. Ritchey took even

the professional world by surprise. Many of his pictures have

been reproduced in various magazines. He himself has exhibited

them in his lectures and some of the readers of these lines may
remember to have seen them in the Creighton University audi-

torium on March 2, 1911. They show a most wonderful amount
of detail in objects that have hitherto been beyond the reach of

every other instrument. But not even the lantern slides pre-
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pared by Prof. Ritchey himself, when projected upon the screen,

can equal the enlargements he has made and exhibits in his

own private laboratory in Pasadena. It was the writer's good

fortune to spend a couple of hours in this treasure chamber,

and to hear the professor personally explain them. The defini-

tion and distinctness of every detail is the best that optical art

has produced. But the professor aims at still higher excellence.

Knowing that a picture must necessarily be most distinct in

its central part, he intends to photograph many of his best ob-

jects again, and in order to bring out every possible detail in

its outlying parts, he will place all these parts in their turn in

the center of the picture. Surely, there is an unlimited pro-

gram mapped out for the giant telescope. It will never be idle,

if experts like Prof. Eitchey will retain the exclusive use of it,

we may expect still more beautiful and detailed pictures and still

greater discoveries. The pictures are not taken for their beauty

alone, but because they disclose the structure, and the nature

also, of the heavenly bodies, since besides photographing these

bodies, the large size of the telescope permits of minute investi-

gations of their spectra. With good reason then the non-pro-

fessional are never permitted to use the instruments on Mount
Wilson, nor even to enter the buildings without a special permit.

Let beginners look through a small telescope first, for to them

the mere existence of the rings of Saturn and of the craters on

the moon is of greater pleasure and profit, than any amount of

structural details.

But great as is the 60-inch reflector on Mount Wilson,and

great as is the work it has already done, both the instrument

and its work are going to be surpassed. The construction of

a 100-inch reflector for the same Observatory is now well under

way in the shops at Pasadena. The gigantic size of some of its

parts provokes almost an exclamation of wonderment at their

seeming grotesqueness, just as if one had strayed into the work

shop of a colossus. Even the builders doubted whether the

mountain road will be wide enough, especially at the sharp

turns, to carry the parts to their final destination, so that they
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constructed a rough wooden model of the largest piece and

carried it some distance up the road and there left it at a siding.

The vitals of the great telescope are its great mirror 100

inches, that is, 8 1/3 feet, in diameter. At first sight it looks

like a tremendous disappointment. Instead of the clear glass

one is accustomed to see in optical apparatus, so clear that the

(JO-inch mirror before silvering betrayed its presence only by

its edge, the 100- inch looks dark green, opaque, and full of

myriads of air bubbles. It was the best piece that the glass

makers had been able to offer, and the Carnegie Institution de-

liberated long upon accepting it at all. But as one of its sur-

faces was good, the grinding was commenced, and it proceeded

with such success that Prof. Ritchey is confident of being able

to bring it to the perfection he is aiming at, if only the disk does

not crack or break to pieces.

This grinding requires the highest skill and infinite patience.

The mirror is first made perfectly spherical. The large room

in which the operation is performed is double-walled and clouble-

doored in order to keep the temperature as even as possible.

When this has been done, a brilliant light shining through a

tiny hole is placed at the center of curvature. The light radi-

ating through the hole falls upon the unsilvered mirror, and is

reflected right back upon its path and upon a tiny diamond

prism. When this bundle of rays appears to be uniformly

illuminated through to an observer stationed outside the room
and looking through a small opening, the mirror is perfect;

if not, it must be ground in the faulty spots and tested again.

Several years have already been spent in this preliminary work.

When the sphericity is satisfactory, the parabolization is

begun, that is, the mirror must be ground deeper and made

less concave towards the edges. This is done in practise by bring-

ing its rings, or zones as they are called, to the various computed

spherical curvatures. This is now progressing in a promising

manner. But the work is trying, it is so delicate that a careless

touch of the hand may require weeks of labor to efface its mark.



REALM OF SCIENCE 143

No wonder then that Prof. Ritchey looks worn, as much as he

did five years ago when he sought recreation in a lecture tour.

In the meantime the building of the monstrous dome and the

massive pier is making great progress. On August 16, last,

when I saw it, the sheeting was being placed on the dome in

order to roof it in. The giant instrument will have every im-

aginable electrical convenience and will be operable from several

places. Several years will most probably elapse before it will

be completed and ready for use. When this consummation

shall have been reached, we may rest assured that it will quickly

give an account of itself, and although we expect much of it,

it will certainly surpass our expectations.


