


LA CANADA MOUNT WILSON 

Mount W ilson Observatory is situated 
near the summit of a 5,713-foot peak of 
the San Gabriel range. Astronomical instru
ments at the Observatory comprise three 
solar telescopes, the largest of which is the 
150-foot tower visible at the left, and two 
star te lescopes, the 60- inch reflector and 
the well -known 100-inch Hooker reflector. 
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Palomar Observatory is built on a 
5,600-foot-high plateau near the 
top of Palomar Mountain. Its in
struments, all stellar telescopes, 
are the 18-inch and 48-inch 
schmidt-type wide-angle astro
nomical cameras and the 200-inch 
Hale reflector. 
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Mount Wilson and 
Palomar Observatories 

The Mount Wilson and Palomar Observa
tories are situated on two Southern California 
mountains: the one, Mount Wilson, about 30 
miles by road north of Pasadena; and the 
other, Palomar Mountain, about 130 miles to 
the southeast. 

The two observatories, together with the 
adnz.inistrative and research centers in Pasa
dena, are operated jointly by the Carnegie 
Institution of Washington and the California 
Institute of Technology in a broad, coordi
nated program of astronomical research. It is 
because the two observatories take part in this 
one unified program that both are included 
in this one hook. It would be impossible to 
talk about the past, present, or fuh~re of one 
without refere'nce to the other. 

Both observatories are largely the result of 
the lifework of one man: the astronomer 
George Ellery Hale. 

Front Cover: The 200-inch Hale Telescope and Dome on Palomar Mountain, by moonlight. 
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Night view from the top of Mount Wilson. 
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The 200-inch Hale telescope on Palomar Mountain can photograph celestial bodies out to distant 
and still-unnamed star-systems over a billion light years-or 6,000,000,000,000,000,000,000 miles 
-away. In its range lie answers to some of the most basic questions of this age: When and how 
was our universe born? What is happening to it now? What is its future? 

·' 



Astronomy and Its Tools 

It was a telescope that provided Galileo 
\lvith observational proof that the earth was 
not the center of the universe. 

It was a telescope that provided the critical 
tests of Newton's laws of motion, laws that 
were learned from moons and planets but that 
have since been applied to every mechanical 
device from a sewing-machine to a battleship. 

It was a telescope that, by detecting a 
minute effect of the sun on the light from a 
distant star, provided one of the experimental 
proofs that Einstein's theories of relativity 
were correct. 

It was a telescope that revealed the surpris
ing fact that our Milky Way system, which 
we grandiosely call "ours" because our sun is 
one of the billions of stars that populate it, is 
not unique. There are millions of systems like 
the Milky Way scattered through space. 

It will be a telescope that will bring us 
knowledge of these other "island universes," 
knowledge essential to an understanding of 
just what this cosmos is. 

Telescopes are astronomy's tools. And the 
bigger a telescope is the more effective it is. 
Therefore, ever since the days of Galileo, 
scientists have been building bigger and big
ger telescopes, until today they have at their 
command instruments like the 200-inch Hale 
and the 48-inch schmidt-type telescopes on 
Palomar Mountain and the 1 00-inch Hooker 
telescope on Mount \ rVilson. 

These great telescopes represent some of the 
most significant engineering achievements of 
our time ( the 200-inch telescope weighs as 
much as a freight locomotive and yet is made 
with all the precision of a fine watch). They 
can help to answer some of the most funda
mental questions of the universe, questions in 
which every man and woman is interested at 
least to some degree. Because of these things, 
giant telescopes such as those of the Mount 
\ rVilson and Palomar Observatories have be
come an integral part of modern American 
culture. 

The Observatories were built, and are now 
operated, with private funds; and for many 
technical reasons arising out of the delicate 
nature of the telescopes themselves they must 
preserve some privacy. You cannot climb 
around a big telescope as you can around 
Pike's Peak. Nevertheless, these Observa
tories, by their position in the world of science 
and culture, owe a debt to the public, a debt 
of explanation: What are they? Why and 
how were they built? Above all, what are 
they doing? 

This booklet is an attempt to discharge 
that debt, at least in part, by answering these 
questions. It offers information about the big 
telescopes themselves-their histories, accom
plishments, capabilities- and a chance to in
spect at first hand the photographs that the 
astronomers \vho use the telescopes are taking. 
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The two men in the picture are riding the elevator in the 200-inch telescope dome, with 
the opening slot of the dome behind them. This elevator carries the astronomer up to 
a point where, with the telescope tube tilted into proper position, he can step across into 
the observer's "cage," which is at the prime focus in the upper end of the tube. The 
picture on page 26 shows an astronomer at work in the cage. 



What Is a Telescope? 

The place of the Mount \Milson and Palo
mar Obsenratories in the astronomical scheme 
of things stands out most clearly against a 
backdrop of basic information about telescopes 
and astronomy in general. So, to start with, 
consider the telescopes. 

Solar telescopes, as their name indicates, 
are designed for the study of the sun. The 
sun offers plenty of light; the problem is sim
ply one of getting a big enough image of the 
sun. The answer lies in focal length, which 
is the distance between the lens or mirror that 
forms the image, and the film, paper, or spec
trograph that receives it. The longer the focal 
length, the bigger the image. That is why the 
three solar telescopes on Mount Wilson are 
long, one of them requiring a 150-foot tower 
with a 75-foot pit beneath it. 

The upper end of a solar telescope includes 
two mirrors which reHect the sun's light to the 
telescope's lens. The lens then focuses the 
light in a room at ground level where the 
image is studied. One of the two mirrors, 
called the coelostat, turns to follow the sun 
as the earth rotates. 

Early star telescopes, Galileo's for exam
ple, were refracting. Like the lens of a cam
era, the lens of a refracting telescope bends 
incoming light to form an image. But no lens 
can bring to the same focus all of the colors 
that go to make up a star's light so that the 
resulting image lives up to the demands of 
modem science. Also, any lens weakens the 

~D<t•TDAI'O PH SLIT 

----OBSIERVINC POSITION 

Coelostat mirror follows sun. Lens forms image of 
sun at observing position. When used, the spectro
graph passes light down to grating which sends its 
component colors back to observing position. 
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PRIME FOCUS 

NEWTONIAN FOCUS 

In a reflecting telescope, mirror forms image 
at prime focus. For various applications, image 
can be redirected from there in several ways, 
as shown. In general, prime or Newtonian 
focus is used for direct photography, coude 
for spectroscopy. 

CASSECRAIN FOCUS 

8 COUDE FOCUS 

light that passes through it. In general, there
fore, modern telescopes of high power are of 
the reflecting, rather than of the refracting, 
type. 

Reflecting telescopes rely on a mirror, in
stead of a lens, to gather the light and form 
an image. Mirrors are not only easier to make 
in large sizes than lenses, they are also able 
to bring to the same focus all the colors of the 
spectrum. Furthermore, reflection weakens a 
star's light less than passage through thick 
lenses does. The curved front surface of the 
mirror of a reflecting telescope catches incom
ing rays of light and reflects them back in 
the direction from which they came, bringing 
them to a focus at a point many feet from the 
mirror, the exact distance depending on the 
mirror's focal length. 

The job of a reflecting telescope is to col
lect light-light that is often very, very faint 
-from a distant object in space and concen
trate it to such an extent that it can register 
on a photographic plate. The bigger the 
mirror, the greater the amount of light it can 
collect. In building a reflecting telescope, 
therefore, the emphasis is not on increasing 
the focal length, which would increase the 
size of the image, but on increasing the diam
eter of the mirror. Hence, the giant mirror 
of the 200-inch Hale telescope. 

For reasons that lie deep in the funda
mental laws that govern the behavior of light, 
the large reflecting telescopes on Mount Wil
son and Palomar have limited angles of view. 
A big telescope may be unable to photograph 
more than a part of the moon's surface at one 
time, for example. In fact, the farther a tele
scope can "see," the smaller the piece of the 
celestial sphere it can photograph. 



Yet astronomers need, at times, to see more 
than a pinpoint of space. The question, then, 
is one of finding some way to "see wide" 
without sacrificing all ability to "see far." The 
answer was found, about 1930, by the Ger
man astronomer and optician Schmidt. 

In a schmidt-type telescope, the incom
ing light passes through a "correcting plate" 
before it reaches the mirror. The correcting 
plate, actually a very thin lens, bends the light 
rays so that the area of space that appears in 
sharp focus on the photographic plate is much 
enlarged. The 48-inch schmidt-type telescope 
on Palomar lountain can easily photograph 
an area equal to that of 200 moons at one 
time-though, of course, its range into space 
is only one-third that of the 200-inch. 

For various reasons, the big schmidt-type 
telescopes have no provisions whatsoever for 
use by the human eye. They are invariably 
used ( and often referred to) as cameras. 

Schmidt-type telescope forms image on 
photographic plate, has no provision for 
use by human eye. It is a true camera. 

~-------- --·· ·····============= ===================::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::: :::::::::::1.-

200-inch reaches out 3 
times as far into space 
as the 48-inch schmidt; 
but schmidt covers 800 
times area that 200 -
inch can. 
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heat, and many thousands of dollars are spent 
to make the domes double-walled, with air 
between the walls to carry off the heat that 
the aluminum paint has been unable to reflect. 
The domes are left throughout the day in a 
position that keeps the sun from shining on 
their shutters. 

It is to achieve control of temperature that 
visitors to the big telescopes are offered a vis
itors' gallery instead of the freedom of the 
observing floor. If a stream of people poured 
into the dome through constantly opening 
doors, bringing with them their own body 
heat plus the midday heat of the great out
doors, then all the a l u m in u m p a in t and 
double-walled domes ·would be inadequate; 
that night, when cold air came in through 
the opened dome and struck the warmed mir
ror, the mirror would go out of shape and 
become useless for hours. 

Light 

A second powerful enemy of telescopes is, 
paradoxically, light. A telescope trying to cap
ture on a photographic emulsion the image of 
a star or star-system millions of light years 
away can be completely thwarted by the light 
of the moon, by the light of a nearby city, or 
by any lights within the dome. Any of these 
unwanted light-sources can "fog" a plate and 
make a picture worthless. 

About the moon's light, or that of nearby 
cities( such as plagues the telescopes on Mount 
Wilson) nothing can be done. Fortunately, 
spectrographic work is less affected by un
wanted light than is direct photography, and 
this fundamental part of the attack on astro
nomical problems goes on even at times and 
places at which other work is impossible. 
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Lights witl1in the dome can be controlled, 
however. By rigid regulation, the inside of a 
dome is kept pitch-dark when observation is 
going on. Those who want to visit a telescope 
at night, to "see it at work," fail to recognize 
the fact that if they could see it, it would not 
be working; the light that made it visible 
would prevent the telescope's operation. 

Air 
The third and perhaps the most important 

enemy of telescopes is the earth's atmosphere. 
Everyone knows what air can do to light if he 
has ever seen "heat waves" distorting the view 
over a highway on a hot day. ot everyone 
realizes that the definition on astronomical 
photographs is also affected in somewhat the 
same way. There is so much air between a 
telescope and outer space that disturbances are 
inevitable. Even to human eyes, the stars 
""kl" twm e. 

The only thing that men can do to counter
act the adverse effect of the atmosphere on 
telescopic "seeing" is to move up out of the 
lower, denser layers of air and toward the 
stars. So far, the best he has been able to do 
in this way is to choose mountaintops-such 
as those of Palomar Mountain and Mount 
Wilson-for his observatories. 

The result of atmospheric distortion, in the 
case of starlight, is a minute but constant 
motion of the apparent image of the star as the 
air bends its light rays this way and that. An 
astronomer is kept busy, while a telescope is 
automatically tracking his star across the sky, 
making the minute adjustments necessary to 
keep the star's image in one place on the 
photographic plate. 



The Story of Mount Wilson 

The Mount Wilson Observatory and the 
Palomar Observatory are both part of one 
man's dream. The man was George Ellery 
Hale, and the story begins on Mount \i\Tilson 
in 1903. 

Mount Wilson is about eight miles, as the 
crow Hies, northeast of Pasadena, or about 30 
miles by road. The mountain itself is a peak 
in the San Gabriel range, with a summit 5, 713 
feet above sea level. 

To this scene came Dr. Hale, in the fall of 
1903. He was at that time Director of the 
University of Chicago's Yerkes Observatory at 
Williams Bay, Wisconsin. He was always on 
the lookout for likely spots for astronomical 
observations, however-spots that combined 
"good seeing" with accessibility-and Mount 
Wilson interested him. 

Mount vVilson had been recommended to 
Hale by astronomers who had searched not 
only California, but Arizona and Australia as 
well, for a likely site. It offered an average of 
over 300 cloudless days a year; an altitude of 
over a mile, enough to raise a telescope above 
the thick and sight-disturbing bottom layer of 
the atmosphere; and trails that, even if steep, 
proved that roads were not impossible. 

Through the winter of 1903-04, Dr. Hale 
repeatedly climbed one of the two trails to the 
mountain top and checked the conditions. 
With a 3t2-inch telescope he proved that the 
reports of the good seeing on Mount Wilson 
were justified; and he verified the fact that 
only rarely did clouds drift across to obscure 
the stars. 

In the fall of 1904, acting on Dr. Hale's 
favorable report on Mount Wilson, the Car-

GEORGE ELLERY HALE 

negie Institution of Washington granted the 
funds necessary to start a n ew observatory 
there. Ever since then, the Mount \i\Tilson 
Observatory has been one branch of the Car
negie Institution, which has financed the con
struction and operation of all of the Obser
vatory's astronomical facilities. 
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The mountaintop chosen by Dr. H ale was 
leased from its owners for 99 years, and work 
on the i\lount \Vilson Observatory got under 
way. The first step agreed upon was the 
removal of the Snow telescope-a solar tele
scope named after H elen Snow, who financed 
its original construction- from the Yerkes 
Obsenratory to l\ lount \ iVilson. 

The next telescope to be set up on the 
mountain was a 60-foot tower te lescope 
designed, like the Snow, for studying the sun. 
The first of its type, it had the advantage that 
the mirrors and lens were far enough above 
the ground to be away from the disturbing 
air currents that eddied about the warm sur
face of the mountaintop. 

Long before the 60-foot tower telescope was 
finished, though, Hale had begun work on the 
instruments that were to equip Iount Wilson 
for the study of stars more distant than the 
sun. In 1904, he had a 60-inch glass disk, a 
disk that his father had obtained from France 
some years before, moved from the Yerkes 
Observatory to the optical shop that had 
already been built in Pasadena . There the 
disk was laboriously ground out to serve as a 
giant mirror for a reSecting telescope that 
would have. not the sun, but distant stars and 
nebulae as its objectives. 

The 60-inch telescope went into service in 
1909. In its first five years, it made more than 
4,000 photographs, and, even though in 1910 
the 150-foot tower telescope was added to the 
battery of instruments on Iount \Vilson that 
were devoted to the study of the sun, obser
vations of stars and nebulae began to find an 
important place in the Observatory's work. 

The 60-inch was a most effective instru
ment and could range a good bit farther than 
any telescope had reached before. On the 
other hand, the 60-inch wasn' t quite powerful 
enough to give a final ans\ver to many ques
tions. There might be stars beyond its reach; 
what seemed to it the end of the stars might 
be simply the limit of its penetrating power. 

Getting the answer required a bigger tele
scope, one that could "look" farther and in
crease the number of celestial objects that 
could be analyzed. 

At just about the time that the need for a 
bigger telescope became apparent, a way of 
obtaining it appeared. John D. Hooker, of 
Los Angeles, offered to finance the making of 
a 1 00-inch mirror. 

Hale immediately set to work the same 
group that had made the 60-inch mirror, the 
glass-works at Saint Gobain, in France. 

After arrival in Pasadena and six years of 
careful grinding and polishing, the huge disk 
of glass, now concave on one side, followed 
the 60-inch up the T oll Road to the top of 
the mountain. 

On l ovember 1, 1917, the 100-inch had 
its first test. For 30 years thereafter it re
mained the most powerful telescope in the 
world. It re,·olutionized our concepts of space 
and the universe. It proved beyond question 
that certain faint spiral objects, once believed 
by some to be part of the i\Iilky \ Vay, were 
other galaxies far beyond it; that there were 



millions of other such galaxies far out in space: 
and that most of these galaxies were moving 
away from us at thousands of miles per second. 

These crowning achievements of the 100-
inch, ironically enough, were responsible for 
ending its role as the biggest telescope in the 
world. The discovery that star-systems like 
our own stretched off to unimaginable dis
tances in all directions demanded a still bigger 
and more powerful telescope to explore them. 

o work on the 200-inch began. 

Schematic diagram and photograph of the 100-inch Hooker telescope. 

.IJ.+h~TUBES FOR BALANCING WEIGHTS 
One on each s1de 

CONTROL 

FOCUS 



Mount Wilson 
Observatory 
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On this page the three solar telescopes are shown; the 60-foot tower telescope, 

the 150-foot tower telescope and behind them, the Snow horizontal telescope 

under the long low building. On the opposite page are the two large reflecting 

telescopes used for photographing stars and nebulae. Each has mercury-flota

tion bearings; the 60-inch supported by one, the 100-inch by two. Friction 

in this type of mounting is remarkably low. When tracking a star from east 

to west across the sky, they are driven by a clock whose speed is controlled 

with extreme accuracy. 



60-inch Telescope 
Date Completed ..... . ... . ............... 1909 
Dome Height ..... .. ........... . .. . .. . 58 feet 
Dome Diameter ............. .. ........ 58 feet 
Weight of Telescope .................. 23 tons 
Mirror Diameter ............ . .... .. . . 60 inches 
Mirror Weight ....... . .......... . . . .. 1900 lbs. 

Mirror System: 
Focal Length 

Newtonian . . . . . . . . 25 feet 
Cassegrain . . . . . . . . 82 feet 

Focal Ratio 
5 
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100-inch Hooker Telescope 
Date Completed . . ............. . ........ . 1917 
Dome Height . . ............. ... .... .. 100 feet 
Dome Diameter ........ ... ....... . ... 100 feet 
Dome Weight ....... .. ......... .. .... 600 tons 
Weight of Telescope ......... . ........ 100 tons 
Mirror Diameter ........ . ........... 100 inches 
Mirror Weight .. ... . . ... ............ 4Y2 tons 

Mirror System: 
Focal Length 

Newtonian . . . . . . . . 42 feet 
Cassegrain . . . . . . . . 133 feet 
Coude . . . . . . . . . . . 250 feet 

Focal Ratio 
5 

16 
30 
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The Story of Palomar 

In 1928, the International Education Board 
pledged S6,000,000 toward a ne\\· and bigger 
telescope. This pledge, for which responsi
bility was later a surned by the General Edu
cation Board and which was supplemented by 
funds from the Rockefeller Foundation, was 
made to the California Institute of Technol
ogy, of which Hale was a trustee; the Institute 
took the responsibility for building and oper
ating the huge telescope and the observatory 
of which it was to be a part. 

The first problem was to decide how big 
the new telescope should be. A telescope with 
a 300-inch mirror was briefly considered. It 
soon turned out, however, that cost, difficul
ties of transportation, and technical limitations 
prohibited anything that big. So the size of 
the projected telescope's mirror was dropped 
to a 200-inch diameter-still twice the size of 
the 1ount \Vilson colossus. 

ize having been decided upon, the place 
to put the telescope was the next problem. 
l\1ount \Vilson vvas out. The lights of Pasa
dena and nearby Los Angeles were already 
interfering with long-exposure \\"Or k being 
done with the 1 00-inch. 

There followed a survey of possible sites 
that ranged from lono Lake in the Sierras 
on the north to the leJ~:ican border on the 
south, and from the Pacific Ocean on the west 
to Arizona on the east. The search ended on 
the top of Palomar Mountain . 

Palomar 1ountain is a block of granite 15 
miles long and 5 miles wide. It has neither 
ledges nor hot desert sands near it to set up 
the convection currents that can ruin tele
scopic vision. It has an altitude of 6,100 feet; 
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the obsen·atory site is on a plateau below the 
peak, but still at 5,600 feet, a little over a 
mile. And, just as important a consideration 
as any of the foregoing, it is accessible. 

Palomar Mountain having been selected, 
the next problem was the design of the mirror 
itself. It was not an easy problem to solve, 
either. A 200-inch mirror may ha,,e only twice 
the diameter of a 1 00-inch mirror, but it has 
f1ve times the weight. The disk of glass from 
which the 200-inch mirror ' 'vas to be ground 
would have to weigh about 20 tons. 

The first choice of a material from which 
to make a mirror such as this would be fused 
quartz. Fused quartz responds less to tern
perature changes than any other usable sub
stance. But a discouraging series of experi
ments proved that a fused-quartz mirror would 
be difficult, if not impossible, to make in a 200-
inch size; and that even if it were made suc
cessfully, it would be enormously e.A'J)ensive. 

The next choice was Pyrex, the tough glass 
that goes into many glass coffee-makers and 
much glass ovenware. It goes there because 
it can take large changes in temperature with
out much e.A'J)ansion or contraction, which 
would mean breakage; and of course its insen
sitivity to temperature change makes it also 
a logical candidate for telescopic mirrors. 

Plans for the 200-inch mirror took shape at 
a conference held in ew York in 1932, a con
ference attended by the men responsible for 
building the telescope and by representative 
of the Corning Glass \ orks, the makers of 
Pyrex. Of the ideas that came out of the con
ference, perhaps the most significant was the 
one that introduced an altogether new style in 
tele cope mirrors: a style that calls not for a 



solid slab of glass, as in the past. but for a thin 
face supported on a ribbed back. This con
struction not only made the eventual mirror 
lighter and ea ier to transport, but also pro
vided pockets for counterbalancing supports 
that would be able properly to hold the multi
ton piece of Pyrex in the telescope in which it 
was to be mounted. 

Corning men began the ticklish job with a 
"practice" disk 26 inches in diameter. Then 
they worked up through larger and larger disks 
( which have since been put to use as auxiliary 
reflectors in the telescope) until they felt ready 
to try pouring the 200-inch itself. 

Almost half the glass had been poured when 
one core suddenly appeared on the surface of 
the molten glass. Two more broke loose before 
the pouring was finished because the intense 
heat had burned through the retaining bolts. 
The mold was considered unsatisfactory and 
set aside. 

By December of the same year, 1934, the 
mold was ready for a second try. This time 
the cores, held in place by bolts of chrome
nickel steel and cooled by an air-circulating 
system, stayed in place. So far, at least, the 
mirror was a success. 

The disk of glass was put in an "annealing" 
oven to "soak" for two months at high tem
perature, and then to cool off at a slow rate 
for eight months more. 

\Vhen the oven was opened, the disk was 
found to be without Raw. The "mirror"-at 
this point a fairly rough 20-ton piece of glass, 
Bat on one side and not unlike a wafHe on the 
other-had been made. It arrived in Pasadena 
on Easter morning in 1936. 

In Pasadena, in the big, windowless "Opti
cal hop" already built for the purpose on 
the campus of the California Institute of 
Technology, grinding and polishing began. 

The disk wa put on a turntable held high 
above the shop's noor by a heavy steel frame. 
Underneath were motor and linkages that 
could make the turntable revolve, thus turning 
the mirror beneath the grinding tools pressed 
down on its surface from above, and that could 
also tilt the disk to a vertical position for the 
optical tests necessary to guide the grinding. 

The grinding and polishing tools ranged 
from 12 to 200 inches in diameter and were 
faced with Pyrex blocks for grinding or with 

(Continued on page 24) 

The 48-inch schmidt-type telescope has a 72-inch mirror 
(hidden by the big cover fitted over the bottom of the tele
scope tube ) . Since the instrument cannot be " looked through," 
it is guided, while a photograph is being made, with one of the 
two smaller telescopes that are mounted along its sides. 





The 48-inch schmidt-type telescopic: camera takes its name from a 48-inch correcting plate 
( 1), a thin and complex lens that light must pass through to reach the 72-inch mirror (2 ). 
The mirror reflects the light to the photographic plate holder ( 3) in the center of the tele
scope tube; the holder, loaded outside the tube, automatically bends the glass plates to the 
right curvature and carries them up into position. The schmidt has only one polar bearing 
( 4 ), a large ball bearing, which allows for east-west motion; the tube turns on bearings ( 5) 
in the tines of the fork that supports it to achieve north-south motion. The two tubes along 
the instrument's sides (6 ) are guide telescopes. 

The dome of the 200-inch telescope is supported by 32 four-wheeled trucks ( 1 ) which run on smooth 
circular rails. When the instrument is at work, four five-horsepower motors (2) turn the 1,000-ton dome, 
automatically keeping the slot in the dome in front of the telescope. The telescope itself has a support
ing framework ( 3) separate from the rest of the building. The "yoke" ( 4 ) rests on the north polar ( 5 ) 
and south polar (6 ) bearings, which permit east-west motion of the telescope. These bearings literally 
support the telescope on a film of oil three thousandths of an inch thick forced into the bearings at a 
pressure of about 300 pounds per square inch. These bearings reduce the friction to such an extent that 
a small one-twelfth-horsepower motor can make the 530-ton telescope follow a star. The telescope tube 
(7), supported in the yoke on spindles (8) to permit north-south motion, has the 200-inch mirror (9 ) at 
one end and at the other the prime focus cage ( 10), to which the astronomer is lifted by an elevator ( 11 ) . 
A diaphragm (12) can be closed over the mirror to protect it when not in use and to "stop it down" for 
certain types of observation. Auxiliary mirrors ( 13) can be used to send the light from the mirror to the 
spectrographic room (14) in any position of the telescope. The floors below the "observing" floor con
tain offices, darkrooms, electric controls, and the like. 
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Schmidt-Type Telescopes 
18-inch 48-inch 

Date Completed . . . . . . . . . . . . 1937 1948 

Dome Height . . . . . . . . . . . . . . . 26 feet 

Dome Diameter . . . . . . . . . . . . . 20 feet 

Telescope Length . . . . . . . . . . 6 feet 

Correcting Plate Aperture . . . 18 inches 

Mirror Diameter . . . . . . . . . . . . 26 inches 

Focal Length . . . . . . . . . . . . . . 36 inches 

Focal Ratio . . . . . . . . . . . . . . . . F 2.0 

48 feet 

50 feet 

21 feet 

48 inches 

72 inches 

120 inches 

F 2.5 



The two schmidt-type telescopes are alike except in size. 
The 18-inch is at the left and the 48-inch is in the center of 
the photograph. 

The 200-inch, at the right, is here shown with its dome slot 
open as for observation. The structure housing the 200-inch is 
as high as an average 12-story building. Each of the shutters 
that close the slot is 144 feet long and weighs 125 tons. The 
rotating top part of the dome is the part that starts just below 
the catwalk, which appears here as a narrow band circling the 
dome just below the slot. 

Also on the Observatory grounds is a museum open to the public. 
In it are displayed some of the most interesting astronomical 
photographs taken at Palomar and Mount Wilson. 

200-inch Hale Telescope 
Date Completed ... .. . .. . . . ... .... 1948 
Dome Height .............. .. . 135 feet 
Dome Diameter .. .... . .... . ... 137 feet 
Dome Weight ............... 1,000 tons 
Weight of Telescope ...... .. . .. 530 tons 
Mirror Diameter . .. ... . .. .. .. 200 inches 
Mirror Weight ............... 14.5 tons 
Mirror System : 

Focal Length 
Prime . . . . . . 55 feet 
Cassegrain .. 267 feet 
Coude . . . . . . 500 feet 

Focal Ratio 
3.3 

16.0 
30.0 
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The Story of Palomar ... cont inued from page 19 

a special pitch for polishing. All in all, the 
disk took 31 tons of grinding and polishing 
compounds, ranging from carborundum to a 
very fine grade of rouge. 

Finally, on October 3, 1947, it was decided 
that the now-concave surface was adequate. 
After 11 ~ years in the Optical Shop, during 
which time 5~ tons of glass had been ground 
off, the mirror was ready. 

By this time, the dome and telescope mount
ing on Palomar Mountain were ready for the 
mirror, too. The mounting itself, holding a 
huge cement block as a temporary stand-in for 
the mirror, had gone through its paces. All 
the huge assembly needed to bring it to life 
as a telescope was the mirror. 

So, at 3: 30 A. M. on November 18, 194 7, 
a big tractor-and-trailer unit rolled out of the 
Optical Shop in Pasadena and headed for the 
top of Palomar Mountain. 

Only one major operation remained to be 
done before it could go to work. The "mirror" 
at this stage was not a mirror at all, but a 
transparent piece of glass; it lacked a reBecting 
surface. So it was moved into the aluminizing 
tank which had been built as a pem1anent 
fixture of the 137-foot dome, and there coated 
with a thin layer of aluminum. And in Decem
ber, 194 7, almost 20 years after George Hale 
began to tum his vision into a solid glass and 
steel instrument, the 6rst stars were seen 
reAected by the mirror of the Hale telescope. 

The first few tests made it clear that the 
200-inch would live up to expectations. After 
18 months of tests and adjustments, the mirror 
had to be removed from the telescope to have 
a few millionths of an inch ground off around 
its edge; and then it was found necessary, also, 
to mount 12 fans around the mirror's under
surface to help defeat minor temperature dif
ferences that perturbed the disk. ow, the 
200-inch is busy all of every cloudless night, 
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taking pictures of objects in space twice as far 
away as the 1 00-inch can photograph-and 
thereby opening up for human inspection a 
sphere of space with eight times as large a 
volume as that observable before. 

Sometimes forgotten in the "glamor" of 
their 200-inch neighbor on Palomar Moun
tain are the 18-inch and 48-inch schmidt-type 
telescopes. In their way, the schmidt-type 
telescopes are as useful as the bigger reBecting 
telescopes that are so much more talked of. 
The very least that can be said of the 48-inch 
schmidt on Palomar Mountain is that it is a 
co-worker utterly essential to the 200-inch 
and to the 100-inch on Mount Wilson; it is 
a vital weapon in the overall attack on the 
problems of the universe. 

A telescope like the 200-inch, while it can 
penetrate space to a great distance, has a very, 
very small field of view. To supplement it, a 
telescope would be needed which could photo
graph a large area of sky. This large field of 
view is the particular characteristic of the 
schmidt-type telescope. With a schmidt to 
do the "scouting" photography, the 200-inch 
( and the 100-inch) could concentrate on the 
most promising areas revealed in the schmidt 
photographs. 

So two schmidt telescopic cameras were 
built on Palomar. The 18-inch was in use 
before World \i\lar II, the 48-inch was finished 
shortly before the Hale telescope went into 
operation. 

The 18-inch has aheady photographed a 
fair number of those astronomical rarities, the 
supernovae, stars that suddenly Bare up to a 
brilliance that would, if the sun became a 
supernova, turn the earth to a burned and life
less cinder in a matter of minutes. 

Until1956 the 48-inch was used exclusively 
in the Sky Survey ( see page 46) because of 
its excellence in photographing large areas of 
sky. 



A Night's Work 

An astronomer does not live on a mountain
top. An astronomer connected with the Mount 
Wilson and Palomar Observatories lives in or 
near Pasadena, where the laboratories and 
libraries of the Observatories are located , 
where he spends most of his working hours, 
and where, incidentally, all the "discoveries" 
are made. Astronomical photographs reveal 
little without long laboratory study. 

But each astronomer is allotted from three 
to six nights a month at one of the big tele
scopes, and when his chance comes he goes to 
one of the mountains. Once there, he moves 
into the dormitory where food, bed, books, and 
the company of a few other astronomers are 
available for his few free moments. 

These dormitories are designed for day, 
rather than night, rest. The astronomer's room 
has thick black shades that shut out daytime 
sunlight, and noise is simply not allowed. 

Astronomers are assigned tel escope time 
according to the field in which they are inter
ested. There are "light of the moon" and 
"dark of the moon" astronomers. Those inter
ested in the direct photography of distant stars 
or galaxies must do their work in the dark of 
the moon, when there is a minimum of light 
from sources other than the one they wish to 
study. Those interested in spectroscopy can 
stand much more outside light. In general, 
therefore, the dark-of-the-moon period is de
voted to direct photography, and the light-of
the-moon period to spectrographic work. 

For the sake of being specific, consider an 
astronomer working at the 200-inch Hale tele
scope on Palomar. Assume, also, that he is a 
"dark-of-the-moon" observer, one interested 
for the time being in direct photography. This 

means that he will probably spend the night 
in the ob en·er's cage at the prime focus posi
tion. The night assistant-the engineer who 
is always present to assume responsibility for 
the general beha,·ior of the telescope-will 
spend tl1e night at the control desk on the 
observing floor far below. 

The night assistant begins the night's work 
by opening the huge dome as early in the 
evening as possible, so that the mirror and the 
tube that holds it will have a chance to adjust 
to outside temperature before they go to work. 

As night comes the astronomer rides the 
prime focus elevator up to the mouth of the 
observer's cage, steps across a 10-inch gap, 75 
feet above the floor of the observatory, and 
settles himself in the chair in the observer's 
cage. H e has brought photographic plates 
with him, perhaps enough to last the night. 

Settled, he uses the intercommunication 
system to tell the night assistant at the desk 
below-in terms of degrees, minutes and sec
onds of "declination" and "right ascension"
the location of the spot in space he wants to 
photograph. The night assistant sets his dials, 
pushes the control buttons- and the great 
telescope swings to the proper aim. As it 
does so, the dome automatically turns to keep 
its slot in front of the telescope, and the canvas 
wind-screen automatically rides up in the slot 
as far as the telescope's position will allow. 

Lights in the dome go out. The observer 
looks into an eyepiece, to make sure the big 
mirror is reSecting the right area of the sky, 
and sets the cross-hairs of the eyepiece on a 
guiding star just outside the field he intends 
to photograph. He slides his photographic 
plate into place-and the ex'Posure begins. 
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An observer using the 200-inch rides in the prime focus cage, where he has at hand a complete set of 
push-button controls for the telescope and a telephone connected to the main control desk. Light 
from the sky at the observer's back passes around the cage to the 200-inch mirror, visible beyond, which 
reflects it back to the photographic plate in front of the observer. 



Until the expo ure is 6ni hed, the observer 
keeps his eye on the guide tar as the telescope 
wings imperceptibly across the sky. From 

time to time he presses buttons on a control 
panel-buttons like, and controlling the same 
mo\·ements as, the buttons on the main control 
desk-to keep the telescope aimed at his objec
ti\·e. These minute adjustments are made 
necessary by the changeable effects of the 
earth's atmosphere on the ra, s of light hitting 
his photographic plate. 

The work in hand, the eeing, and other 
factor decide how long the obsenrer remains 
in the cage. If he is devoting the night to a 
eries of fairly short exposures, the chances are 

that at about midnight the lights in the dome 

will go on and he will come down out of the 
telescope for coffee and a sandwich- and also 
to get warm. ObseiTing at the prime focus, 
particularly in winter, calls for hea,·y clothing: 
the temperature in the dome is often below 
freezing, sometime going as low as l 0 degrees 
above zero. 

Iuch depends on the weather; clouds may 
obstruct the \'iew for part or all of the night, 
or poor eeing may limit ob ervations to rou
tine rudie of brioht objects. On the other 
hand, the astronomer may be favored by one 
of those dozen nights in the year when the 
seeing is superb and the most critical ob erva
tions may be undertaken. \\ 7hen the astrono
mer goes to the obsen•atory, he can ne\'er tell 

In setting the telescope, the night assistant pushes the proper buttons at the bottom of the control 
desk and the telescope moves toward the required position. When the position is reached, as indicated 
by a correct reading on the two upper sets of dials, the automatic star- tracking drive takes over. 



Astronomical research begins with photographs taken by telescopes, continues with long and detailed 
study of those photographs-which range in size from 14-inch-square plates made with the 48-inch 
schmidt to spectrograms one-half of an inch long. One night's pictures may take weeks of study. 

how much productive work the weather will 
allow him, but he must go prepared to take 
the best possible advantage of what is offered. 

As day breaks, the astronomer, quite pos
sibly somewhat cold and cramped, rides down 
from the observer's cage with his small collec
tion of ex'Posed plates. Then, if his turn at 
the telescope is over, he returns to Pasadena 
and begins a laboratory analysis of what he 
has "caught." He studies his results with com
parators that can measure the position of 
points on his photographic plates with an 
accuracy of a few hundred-thousandths of an 
inch, and with microphotometers that deter
mine the intensity of the light that affected 
the emulsion on the plates. 

These measurements are then combined 
with similar measurements on plates taken in 
previous months, or even with those of other 
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observers. Starting with these measurements, 
calculations, often long and tedious, then 
yield such facts as the distance, size, or motion 
of some star cluster or great stellar system such 
as one of the galaxies. If he is working with 
spectrograms, his measurements and calcula
tions are likely to give such information as the 
temperature, density, or chemical composition 
of some star or galaxy. 

A good insight into the workings of modem 
astronomy can be gleaned from the fact that 
it may take the astronomer \veeks or months 
to measure and interpret the material con
tained in the photographs he has taken in one 
night's work. In a nut-shell, one good night's 
work at the telescope means several weeks' 
work in the laboratory-work too slow and 
complex to report here, but ·work without 
which the big telescope's abilities would be 
utterly wasted. 



Questions in the Stars 

Almost all of modern astronomical research 
is based on two kinds of photography: first, of 
the celestial objects themselves; and second, of 
their spectra. In most problems confronting 
astronomers, both kinds are necessary. For ex
ample, it takes direct photography in the form 
of two or more plates taken some years apart 
to determine a star's motion perpendicular to 
the line of sight from the earth. Yet it takes 
spectroscopy to reveal, through minute dis
placement of the lines in a star's spectrum, the 
star's motion toward or away from the earth 
along the line of sight. 

Spectroscopy can also show us the tempera
ture and chemical composition of the star by 
study of the intensities of the various colors in 
the spectrum and the position and strength of 
the dark lines cutting across it. 

Direct photography and spectroscopy are 
combined in the study of variable s tars. 
Direct photography reveals the degree and rate 
of variation in the light of the star. Spectros
copy indicates some of the star's physical 
changes that accompany the light variation. 
Also, direct or "positional" ph otograph y is 
necessary to locate faint objects for later study 
by spectroscopy. 

How does the astronomer deal vvith the im
mense distances in his studies of the stars? 
Since the mile, the earth's unit of measure
ment is too small to use for astronomical dis
tances, astronomers use a unit termed the light 
year ( the distance that light travels in one 
year). The speed of light is 186,000 miles per 
second, and in one year light travels about six 
trillion miles-so the unit of measurement in 
astronomy- the light year-is roughly 6,000,-
000,000,000 miles. 

\iVith this swift Bight, light takes about 1. 25 
seconds to reach the earth from the moon and 
about 8 minutes from the sun. From the 
nearest star, light travels four years on its 
journey to the earth; from the nearest spiral 
galaxy, 2,000,000 years; and from the farthest 
galaxy that can be photographed with the 
H ale T elescope, over 1,000,000,000 years. 

To examine brieBy today' s broad programs 
of research at the Mount \Nilson and Palomar 
Observatories, the areas of study can be di
vided into three distinct spheres that exist in 
astronomical work, both historically and prac
tically: (1 ) the solar system; (2) our Galaxy, 
the Milky Way system; and ( 3) the known 
universe. 

The Solar System 

Astronomy began with the sun, and be
cause of its importance to the earth, extensive 
solar observations are made on every clear day 
at the lount Wilson Observatory. The sun 
makes life possible on the earth, for its radia
tion supplies energy for the complex processes 
by which growing plants build living matter 
from carbon dioxide and water, and the plants 
in turn sustain all animal life. The sun's radia
tion is the source of practically all the energy 
currently used in industry, such as water 
power, wood, coal and oil. In fact, the sun's 
energy maintains nearly every form of activity 
on the surface of the earth. 

Studies of solar energy combined with nu
clear physics have brought knowledge of the 
complex cycle of atomic nuclei that begins 
with hydrogen and ends with helium. This 
cycle releases at the temperature of the sun's 
center-about 25,000,000 degrees F.-the 
enormous amount of energy necessary to keep 
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60 000 mi. 

Solar prominences-streams of hot gases-such as this one reach altitudes of many tens of thousands 
of miles above the sun's surface. There is evidence that such prominences eject particles, such as the 
nuclei of hydrogen atoms, that eventually stream down into the earth's atmosphere. 

The photographs below, made on April 7, 1947, show one of the largest sunspot groups ever observed. 
The earth superimposed in scale on the picture at the right would be a dot one twenty-fifth of an inch 
in diameter, not much larger than the spot visible on the lower left part of the sun. 



the sun shining. By this process, the sun i 
able to release. in a regulated continuous way, 
the same nuclear energy which gi,·es the 
hydrogen bomb its tremendous power. 

The sun is actually a star, the only one close 
enough to the earth to be visible as more than 
a point of light and the only star so near that 
we can study its surface in considerable detail. 
These obsen•ations have shown us that sun
spots ranging in size from less than 500 miles 
in diameter to more than 50,000 miles across 
are areas which have been cooled by great 
storms. They look black only because they are 
as much as 1,000 to 1,500 degrees cooler than 
the more incandescent areas around them. 
Even the unspotted areas of the sun appear 
to have a mottled surface, with the hotter and 
brighter gases boiling up through the cooler 
regions. In the vicinity of the sunspots, the 
whirling of the electrically charged gases 
causes strong magnetic fields which in turn 
control the motions of ionized gases in their 
neighborhood. 

In 1908, while using the 60-foot tower tele
scope on Mount v ilson, George Ellery Hale 
discovered these strong magnetic fields in the 
sunspots. This was the first evidence of mag
netism outside of the earth. Now astronomers 
have found magnetic fields in many stars. 

At times great clouds of gas called prom
inences form high in the sun' atmosphere and 
remain for days or months, then suddenly 
pour back into the sun or shoot out into space 
--often with velocities up to a hundred or 
more miles per second. These eruptive prom
inences have been followed to heights of 
several hundred thousand miles above the 
sun's surface. 

The effects of some solar phenomena are 
often seen on the earth. The beautiful aurora , 
or northern lights, become more numerous 
when sunspots are most active. olar disturb
ances occa ionally cause great geomagnetic 
storms which interfere with radio reception. 
In fact, a detailed knowledge of the solar 
phenomena often permits prediction of these 
events on the earth. 

Recent research has shown that some of the 
cosmic rays which pelt the earth are from the 
sun. Some of the problems which cunent 
research may solve in the future are whether 
cosmic rays increase with the prevalence of 
sunspots, and what part magnetic fields play 
in the story of these streams of particles. 

In addition to the sun itself, our solar sys
tem consists of nine large planets. thirty-one 
kno\\·n satellites, several thousand asteroids 
ranging in size from about 500 miles to less 
than one mile in diameter, and over one thou
sand known comets-all controlled by the 
gravi tational pull of the sun as they revolve 
around it. For example, Pluto revolves around 
the sun at an average distance of 3,670,000,-
000 miles. 

The planets are illuminated by the light 
of the sun and are so bright that they do 
not require telescopes with the great light
gathering power of the 60-inch and 100-inch 
on i\1ount \ Vilson, or the 200-inch telescope 
on Palomar Mountain, for their study. Actu
ally, smaller telescopes, whose images are less 
disturbed by the turbulence of the earth's 
atmosphere. yield observations of these close 
objects that are as good as, or better than, the 
obsen•ations of the larger instruments. On the 
other hand , the 200-inch telescope can reach 
out to explore a section of the universe so far 
away that light traveling 186,000 miles a sec-
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ond takes over one billion years to reach the 
telescope. Obviously its main importance lies 
in photographing faint, farav,ray objects. 

There have been times when the larger 
telescopes have discovered objects which, 
though faint, are not distant, however. The 
lOth, 11th and 12th satellites of the planet 
Jupiter were found on photographs taken with 
the 1 00-inch telescope on Mount \!\Tilson. 

Observers also found a very unusual asteroid 
among thousands photographed with the 48-
inch schmidt camera. Icarus, as it was named 
by astronomers, has the shortest period of any 
known asteroid or comet. Once every 409 days 
it approaches within 18,000,000 miles of the 
sun. 

So although our solar system is tiny when 
viewed on a cosmic scale, it is still the object 
of study by modern astronomers and holds 
many mysteries to be solved by future re
search. Some astronomers study the planets 
(the word means "wanderers" in Greek) to 
determine their atmospheres and surface fea
tures. Some are concerned with the planets' 
satellites and their motions. Others studv the 
"shooting stars" or meteors for inform;tion 
that contributes to knowledge of the upper 
atmosphere, looking to the future when space 
travel might be possible. 

Far beyond the farthest planet in our solar 
system are the myriads of stars that form our 
own Gal<L'-)' · This is the second sphere of 
astronomical research from which we may 

learn the properties of the stars, the way in 
which they have evolved, and the things they 
can tell us about the history and possible 
future of our own solar system. 

The Milky Way 
Those who spend a clear moonless night in 

the country away from the city's glaring lights 
can clearly see the mysterious splendor of that 
great band of patchy light aero s the sky called 
the 1ilky V../ay. 

This band, in a way, outlines the Galaxy 
in which our whole solar system occupies only 
a small place. It is composed of great clouds 
of gas and dust and billions of stars-some in 
groups, some scattered. These stars are objects 
like our sun, although many are intrinsically 
brighter or fainter than our sun. Actually, all 
the stars that can be seen with the naked eye, 
and most of those that can be individually 
observed with the most powerful telescopes, 
are members of our own Galaxy. 

The enormous clouds of gas and dust mixed 
in with the stars are called nebulae. Some
times they appear as black patches, completely 
obscuring the stars behind them; at other 
times, when bright stars are nearby, these 
clouds may shine forth as great hazy patches, 
like the glow of fog around a street light. 

/[uch of the observing time of powerful tele
scopes is spent in the study of the most inter
esting individual stars and nebulae of the 
Milky VVay system. They seek the answers 
to such questions as-what is the distance and 

The strip above, right, shows a long section of the southern Milky Way as it might 
be seen on a moonless night in the country far from the glare of city lights. 
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In the large photograph below, a very small section of the Milky Way as photographed 
by a large telescope. Note how light areas are resolved into millions of stars. 





absolute brightness of the stars, what are their 
temperatures, how fast and in what direction 
are they moving, what is their chemical com
position, and what is their mass? 

From our place inside the Galaxy we cannot 
get outside and obtain an overall picture of 
its shape, so astronomers use other means to 
find the distances of stars and nebulae and 
their distribution in space. 

For instance, the distance to the nearest 
stars can be measured in the same way a sur
veyor measures the distance of an inaccessible 
peak, by taking a sight on it from two posi
tions. To get the distance of one of these stars, 
however, requires a longer base line than that 
between any two points on the earth, so that 
the two positions are provided by the earth's 
motion around the sun. In this way, one sight 
is taken on a star. then another six months 
later when the earth is on the opposite side 
of the sun, halfway around its orbit (186,000,-
000 miles away from its original position). 
This procedure yields reliable distances for 
objects as far away as a few hundred light 
years. 

Other methods are necessary for the meas
urement of the distances of stars still farther 
away. The best of these depends on the 
measurement of the apparent brightness of 
the star. If one looks down a long street with 
a rO\\' of identical street lights, the nearest 
ones appear very bright, but as one looks 
farther down the street the brightness of each 
lamp falls off rapidly with its distance. Know
ing that apparent brightness diminishes in-

,·ersely as the square of the distance from the 
source, we realize that if one of two identical 
lamps is twice as far as the other it will appear 
just one-fourth as bright. Thus, at double our 
distance from the sun, sunlight would appear 
only one-quarter as strong; at treble our dis
tance it would be one-ninth as strong. 

Unfortunately this procedure cannot be 
applied to all stars, since they are far from 
identical and have a wide range of candle
power or absolute brightness. However, it 
has been found that stars with identical spec
tra or variable stars having identical periods 
and modes of variation, have about the same 
absolute brightness. Consequently, if a given 
star can be identified by one of these proper
ties, its apparent brightness or magnitude may 
then be used to fix its distance. 

The measurement of the apparent bright
ness of a star is made by an instrument operat
ing on the same principle as the exposure 
meter used by a photographer to determine 
the brightness of the object he is about to 
photograph. The light collected by the big 
mirror of the telescope is focused on a photo
cell. After suitable amplification, which is 
necessary because stars are usually much 
fainter than objects in a terrestrial scene, the 
current from the photocell is read or recorded 
by a meter ,..,hich gives a reading proportional 
to the brightness of the star. 

o, by these and other methods, the dis
tances of a large number of stars and clusters 
of stars are obtained. These measurements 
have given us a picture of our Galaxy as a 

At the right is a 200-inch photograph of Messier 16, a part of the Milky Way cloud in the constellation 
Serpens. The bright areas are clouds of dust and gas illuminated by nearby stars; the dark areas, clouds 
of obscuring matter which black out the stars behind them. 
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Spectrum photographs are referred to as spectrograms-the photographs above indicate how spectro
grams may be used to study the chemical composition, the velocity and the temperature of stars. 



Bat disk-like structure, about 100,000 light 
years in diameter and about one-tenth of that 
in thickness. Many billions of stars populate 
the Milky Way, with the largest concentra
tions of these stars toward its center or nucleus. 
Our own sun is located at a point about two
thirds of the distance from the center to the 
edge and makes one revolution around the 
center in about 200,000,000 years. 

These studies also tell us that stars range 
in absolute brightness or candlepower from 
1/ 10,000 as bright as the sun to over 100,000 
times its brilliance. Their surface tempera
tures range from about 3,000°F. to over 
200,000°F. 

Many of the most fundamental questions 
about the stars are answered with a spectro
graph. In fact, at least one-half of the observ
ing time of the telescopes on 1ount Wilson 
and Palomar is devoted to spectrographic 
studies. 

When star light is spread out into a spec
trum with a spectrograph it is found to be 
crossed by many dark lines, each of which is 
characteristic of a given chemical element. A 
careful measurement of the positions, intensi
ties and widths of these lines not only tells us 
what elements are present in the star but also 
tells us what are the relative amounts of each 
that are present. Most of the stars have about 
the same chemical composition as the earth, 
but the lighter gases such as hydrogen and 
helium are more abundant. Indeed most stars 
are made up of 90 percent or more hydrogen 
or helium. This is fortunate since hydrogen 
is the fuel that provides the energy to keep 
them shining. 

Part of the riddle relating to the nature of 
the universe lies in the operation of nuclear 

reactions in these stars. Our knowledge of 
the history and evolution of the stars stems 
directly from studies on how they produce 
energy from hydrogen. Ultra-high tempera
tures in the interior of the stars causes hydro
gen atoms to combine to form heavier ele
ments, thereby releasing enormous amounts of 
energy. This energy Bows out of the interior 
to the surface and the surface radiates energy 
away into space. Because of the beautifully 
balanced nuclear process, most of these 
spheres of gas burn hydrogen at just the right 
rate to keep them shining uniformly. 

Some of the brightest stars, however, squan
der their energy at such a rate that their hydro
gen is consumed in a few million years. 
Astronomers have been greatly interested in 
what happens to these stars as their hydrogen 
becomes depleted. When this occurs they 
often become unstable, alternately expanding 
and collapsing in periods of a few hours to a 
few months. Eventually the process may reach 
a stage at which some stars blow up, becoming 
for a time incredibly brilliant. Stars like these 
have been known to increase in brightness 
many thousands or even millions of times 
their former brightness. These stars are called 
novae, or new stars, a name which was be
stowed upon them because of their sudden 
brilliance. It doesn't necessarily indicate that 
the star is new in age. 

Of all these novae, a small fraction belongs 
to an even more spectacular group known as 
supernovae. Once every few centuries, one 
star out of the billions in the Milky Way may 
explode into a supernova, several million times 
brighter than the sun. Io other single object 
known in the universe can compete in intrin
sic brightness with supernovae. The remains 
of one of these great exploding stars is still 
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being studied by astronomers even though the 
actual explosion took place centuries ago. In 
1054 A.D. Chinese and Japanese astronomers 
recorded data about an object which flared up 
to an apparent brightness greater than Venus, 
so bright it could be seen in the daytime. 

Several centuries later a hazy cloud of gas 
was found in the same position and named 
the Crab nebula because of its sh ape. By spec
troscopic studies, present astronomers have 
traced the past of this unique object and de
termined that it is the remains of this medieval 
supernova, one of the most gigantic explosions 
kno·wn to man. 

The knowledge that magnetic fields exist 
outside of our own solar system offers another 
interesting phase of study to astronomers. Be
ginning with the observation that our star, the 
sun, has a magnetic cycle of about 21 years, 
astronomers have found that certain stars out
side of the solar system also show a magnetic 
fluctuation similar to the sun's. Strong mag
netic fields are caused by large electric cur
rents, but how these currents are generated 
and transmitted in the stars or in space has yet 
to be determined. 

The Universe 

For many years astronomers have seen and 
photographed numerous faint objects in the 
sky vvhich looked like small scattered clouds, 
many having a spiral form such as those shown 
on pages -+0, 43, 44 and inside back cover. 
Since the distances of these objects were un-

known, astronomers specu la ted for many 
decades on whether these were small bodies 
attached to the Milky Way or huge stellar 
systems at a great distance. Definite evidence 
that they were far-off systems was obtained 
by the late Dr. Edwin P. Hubble with the 
aid of the newly completed 1 00-inch telescope 
on Mount \Nilson in the 1920's. 

By turning the l 00-inch telescope on the 
Great Galaxy in Andromeda, the brightest and 
most conspicuous of these objects, he obtained 
photographs of it that resolved some of the 
seemingly nebulous outer regions into stars. 
From a careful study of a series of these photo
graphs, Hubble was able to recognize a few 
stars in the Andromeda Galaxy whose light 
fluctuated in the same manner as certain vari
ables called cepheid variable stars. 

Comparing the apparent brightness of these 
variables with their absolute bdghtness, as 
known from samples of the same types of stars 
in the Milky Way, he derived a distance of 
about 700,000 light years and also an approxi
mate size for the object. 1l1ese combined facts 
proved that the Andromeda Galaxy contained 
stars, gas and dust and was indeed another 
enormous spiral system comparable to our own 
M ilky \ :Vay system. 

Later studies revealed that within reach of 
the large telescopes, such as the l 00-inch, there 
are over 100,000,000 of these galaxies out 
in space, most of them containing billions of 
stars. They revealed, also, that as far as the 

The object shown in the photograph at the right is the Crab Nebula, in the Milky Way system about 
37,000 light years distant from the earth. Old Chinese records refer to what must have been a super
nova that appeared in 1054 A.D. The Crab Nebula is quite probably a cloud thrown off by that super
nova at the time of its "explosion." Spectrographic studies show that the nebula is still expanding at a 
rate of over 800 miles a second. Photo by 200-inch. 
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100-inch telescope could penetrate ( a range 
then estimated to be about 500,000,000 light 
years) the galaxies are distributed more or less 
uniformly throughout space. 

Another general characteristic of the gal
axies in the observable region was found by 
Hubble. H e determined that the ligh t which 
reached us from these far galaxies was shifted 
to the red by an amount proportional to the 
distance it traveled. This phenomenon is 
called the velocity-distance relationship, or the 
law of the red shifts, and indicates that all 
galaxies are rushing away from our stellar 
system with velocities that increase directly 
with distance, the farthest objects showing 
velocities of tens of thousands of miles per 
second. 

Unfortunately, Hubble's original observa
tions were at the extreme limit of the l 00-inch 
telescope, which meant that the measurements 
were subject to very large uncertain ties. One 
of the main reasons for the construction of the 
200-inch telescope was to obtain more accurate 
measurements of the distances, dimensions 
and motions of these galaxies, which are obvi
ously the major structures forming the uni
verse. 

In the few years since the 200-inch tele
scope was built, these particular problems have 
been systematically studied- with interesting 

This spiral galaxy in the constellation Andromeda is 
studied for its likeness to our own Milky Way system. 
Photographed with the 100-inch telescope on Mount 
Wilson, it gave the first indication of the unimagi
nable immensity of the universe. The light that made 
this photograph took almost 2 million years to travel 
from the Great Galaxy in Andromeda to the 48-inch 
schmidt. 

I I I I i I I 
.. .. 

I i I I I I 
750 miles per second. 

9,300 miles per second. 

I II 

I I I 

I I II I 

I I I II I 
13,400 miles per second. 

24,400 miles per second. 

38,000 miles per second. 

Red Shifts 
In the center of each of the five photographs above 
is the spectrum of a distant galaxy. The short verti
cal lines above and below each spectrum are from a 
helium light source and used for reference purposes. 
Distances and red shifts (velocities) increase from 
top to bottom of the series. The amount of the 
shift of the two dark lines (above the tips of the 
arrows ) toward the right, or red end of the spectrum, 
measures the velocities shown below each spectrum. 
Length of the arrows indicates the amount these 
lines are shifted from their normal position. 
Not obvious from the illustration, but still a remark
able fact, is that all distant galaxies appear to be 
rushing away from our region in space, and with 
velocities that increase directly with distance. It 
is this observation that has led to the concept of an 
"expanding un iverse." 
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results. Even though the program is not yet 
complete, astronomers ha,·e already found that 
all of the galaxies are much farther away and 
therefore larger than the original measure
ments indicated. The new figures show that 
the Andromeda Galaxy is at a distance of 
nearly 2,000,000 light years as compared with 
the earlier figure of 700,000 light years, and 
in size is as large as, or perhaps even larger 
than, our own I\ lilky \Nay system. The far
thest galaxies that can be seen with the 200-
inch telescope are at a distance of over one 
billion light years. The great light-gathering 
power of the 200-inch telescope has made 
possible observations of galaxies moving away 
from us with velocities up to nearly 40,000 
miles a second. Since the light from these dis
tant galaxies had to travel for more than a 
billion years at a speed of 186,000 miles per 
second before entering the telescope, they 
appear in photographs as they existed some 
billion years ago, giving us a glimpse into the 
dawn of history. 

The 1 00-inch and 200-inch tele copes have 
also made possible the compilation of data on 
red shifts for 620 galaxies which has recently 
been completed at the l\1ount \Vilson and 
Palomar Observatories. Included in this cata
logue are red shifts for 26 clusters of galaxies. 
These are valuable because the distances of 
clusters can be determined with higher accu
racy than those of individual galaxies. 

The fact that we are located within the 
M ilky \ i\Tay itself actually hampers our study 
of our own Galaxy. Stars in it are at distances 

ranging from a few light years to many tens 
of thousands of light years, which makes it 
impossible to separate nearby faint stars from 
distant bright ones without a detailed study 
of each star. Furthermore, many important 
parts of the Iilky \ Vay, including its center 
or nucleus, are screened off with clouds of 
dust and gas. The value of a galaxy so similar 
to our own as the Andromeda Galaxy soon 
becomes evident. \Vith the Andromeda Gal
axy we get a clear, objective view of a galaxy 
very similar to the Milky \ Nay, in the same 
sense that one can make a better survey of a 
forest from an airplane far above than from a 
point among the trees. 

For example, studies of this distant spiral 
system have disclosed that there are two dis
tinct types of stars, called Populations I and II. 
Population I stars are found in the arms of the 
spiral along with huge clouds of dust and gas. 
~ lainly this population is characterized by a 
few of the brightest and hottest stars known 
which are therefore blue in color. Mixed in 
\Vith these are large numbers of relatively faint 
stars, both red and blue. Population II stars 
are located in the central region of the galaxy 
where no dust or gas clouds are observed. 
None of the very bright blue stars are obsen red 
in this cen tral region, the brightest stars being 
red in color. 

The Yery brigh t blue stars in the outer arms 
( Population I) expend their energy in such a 
lavish way that the hydrogen fuel which they 
use would be burned in a short time compared 
to the age of the galaxy. It is believed that 

Messier 81 , a spiral galaxy about eight million light years from the Milky Way system, shows an inter
esting phenomenon common among such galaxies; the individual stars in its arms are what astronomers 
know as Type I star population, and are considerably brighter than those in its center (Type II star pop
ulation ). The 200-inch, in this photo, resolves many bright stars in the arms. 
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these stars are young and '''ere formed recently 
from the condensation of dust and gas clouds. 
The original brilliant blue stars in the center 
of the galaxy ha,·e long since used up their 
fuel and ceased to shine, and there are no dust 
or gas clouds from which to form new ones. 

From studies such as these, theories have 
been devised on the evolution of the stars and 
the relationship of these to the formation of 
the heavier chemical elements from hydrogen 
in the stellar cores. Many of these theories 
about the abundance of elements are derived 
directly from studies of the stars. 

Distances in the Universe 

ssuming that a man could travel at the 
speed of light (186,000 miles per second), it 
would take him less than one-seventieth of a 
second to go from Los Angeles to New York. 
It would also take him: 

The Solar System 
a) a second and a quarter to reach the moon 
b) 8 minutes to reach the sun 
c) 5~ hours to reach Pluto, the outermost planet 

The Milky Way 
d ) 4 years to reach our sun's nearest neighbor 

among the stars 
e) 100,000 years to go from one edge of our Milky 

VVay to the other 

The Universe 
f) Almost 2,000,000 years to get from our system 

to the Great Galaxy in Andromeda 

g) Over 1,000,000,000 years to get from the earth 
to the outermost limit of the 200-inch telescope 

New Tools in Astronomy 

Sometimes comparatively new types of re
search are used, not only in studies of the 
Milky \Vay, but also in probing the secrets 
of the universe beyond. Radio Astronomy is 
one of the newest and is primarily concerned 
with locating radio emi sion from certain 
sources in cl1e sky with the aid of great para
bolic receivers similar to those used in radar. 

This research began when in v es tiga tors 
p icked up radio "noises" from the sky. The 
noises themselves are a jumble of electromag
netic vibrations coverino a broad band of fre
quencies. One of the Yalues of radio detection 
is that, like radar, it can penetrate through the 
heavy interstellar fog which blocks our view 
of the far-off parts of our Galaxy. 

Certain strong sources of radio noise have 
been traced to the turbulent gases left from 
a supernova explosion while others have been 
traced to the collision of very distan t galaxies. 
One of these collisions was first found by locat
ing the source of radio emission with giant 
radio receiver , then by pinpointing the loca
tion with the large telescope. In the Perseus 
cluster, two spiral galaxies were found in the 
act of collision. The gaseous clouds of the 
galaxies can be seen on astronomical photo
graphs and from their position it has been 
determined that the collision is still going on 
out in space. More than half a million years 
have elapsed and it appears that the major part 
of the collision may be O\'er. 

Messier 51 is a spiral galaxy with an irregular companion below it. At its distance-about eight million 
light years-even the 200-inch telescope can resolve only the brightest stars in the spiral's arms. The 
contrast in the contents and structural patterns of the two systems is obvious, and points up the multi
tude of types of star systems that apparently exist. It was in M 51 that the spiral pattern was first 
detected by Lord Rosse in 1845. 
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A large observatory for radio astronomy is 
being constructed by the California Institute 
of Technology at a Bat desert site. For pre
liminary studies and tests of equipment, a small 
radio receiver, with an antenna similar to a 
radar dish, was installed at the Palomar 
Obsenratory in 1956. 

Another major contribution to a greater 
understanding of the universe as a vvhole is the 
Sky Survey, a joint effort of the National 
Geographic Society and the Palomar Observa
tory. Over a period of seven years astronomers 
have photographed all of the sky which could 
be reached from Palomar 1ountain, and the 
mosaic of pictures forms the largest and most 
penetrating celestial photomap ever made. 
Photographs in the Sky Survey were made 
exclusively with the 48-inch schmidt telescope 
which was designed primarily as a scouting 
camera for the larger telescopes ( see page 9). 
Although it reaches only about one-third as 
far as the 200-inch telescope, the schmidt 
camera covers 800 times more sky in one 
exposure because of its wide-angle viewing 
power. The 200-inch telescope would take 
almost 10,000 years to complete the same job. 

To cover the three-quarters of the sky 
observable from Palomar, the atlas required 
over 1700 photographic plates, each measur
ing 14 inches square. Two pictures were taken 
of each of the 879 fields of the sky in quick 
succession, one in red light with an exposure 
time of 40 to 60 minutes, one in blue light 

with an e:h'Posure time of 10 to 15 minutes. 
These exposure times were chosen to reach the 
faintest stars that could be photographed with 
the 48-inch camera. The point of making 
separate blue- and red-sensitive plates is to 
enable astronomers to differentiate between 
cool red stars and hot blue stars, and to find 
more easily the most interesting objects for 
future observation. 

Among the myriad new objects found dur
ing the Sky Survey were many new asteroids 
and comets, some of which come unusually 
close to the earth and the sun. Farther out in 
the Milky vVay system, many millions of stars 
and a substantial number of clouds of dust 
and gas including over one hundred planetary 
nebulae, were recorded for the first time. Out 
in the depths of space, over two thousand 
clusters of gal<L"Xies, the largest known struc
tures in the universe, were discovered on the 
plates-compared to about fifty that were 
previously known. 

These then are brieBy a few of the many 
ways that astronomers seek to answer ques
tions that concern all of us. We know now 
that breaking through the frontiers of space 
cannot be accomplished in one night vvith the 
giant telescopes, but rather requires months 
of painstaking obsen,ations followed by years 
of careful meticulous measurements in the 
laboratory. Each new step in knowledge 
brings us closer to an understanding of the 
universe, a realization of its inexpressible gran
deur, its majesty and its unity. 

A cluster of galaxies in the constellation of Corona Borealis . Brighter members are comparable in size 
and luminosity to our own star system and the great Galaxy in Andromeda shown on page 40. They 
appear small and faint because of their great distance, some 400 mill ion light years from our Milky 
Way. The few round sharply defined objects in the picture are stars which belong to our own star 
system. Compare th is photograph with the one on page 48 which has the same magnification, ten times 
that of the original. 

46 





At the center of this photograph is a faint cluster of galaxies in the constellation of Pisces. Taken 
with the 200-inch Hale telescope this cluster is at a distance of well over a billion light years and near 
the limit of the observable universe. If the Great Andromeda Galaxy were moved out to the distance 
of this cluster in Pisces it would look no larger and no brighter than the brightest members of this cluster. 

The spiral galaxy GC 4565, pictured on 
the facing page, probably looks much as our 
own Milky Way system wotdd look if seen 
edge-on. Like many other systems, it contains 
gas and dmt clouds as well as billions of stars. 
At its great distance, even this 200-inch photo
graph resolves only a few super-giant stars in 
the galaxy. 

On the back cover is a photograph of the 
gaseous nebula 1GC 2237. This large forma
tion of dust and gas is in the Milky Way in 
the constellation of Canis l\1ajor. The bright 
parts of the nebula are illuminated by atoms 
in the cloud which are excited by nearby hot 
stars. The dark matter obscures the light of 
all background stars. Clouds such as these 
may contain the material from which stars are 
formed. 
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These and the other astronomical photo
graphs in this book exemplify one of the prin
cipal kinds of work done with great telescopes. 
Many more such photographs are displayed 
and explained in the Observatories' two 
museums which are maintained for the benefit 
of the public-one on Mount Wilson, the 
other on Palomar Mountain. 

An observation gallery in each of the two 
observatories provides an opportunity for the 
public to see the great telescopes themselves 
-the 1 00-inch Hooker on Mount Wilson and 
the 200-inch Hale on Palomar. These tools 
of the astrono-mer provide him with the raw 
material of astronomy--photographs and spec
trograms which, when analyzed, enable him to 
extend man's knowledge of the universe out 
to nwre and more distant frontiers in space. 






