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NORTH AMERICAN NEBULA. an area of light and represents a quarter of one Schmidt plate, which covers
dark nebulosity in Cyvgnus, is shown in unprecedented H square degrees. Photograph copyright National
detail by a photograph from the 48-inch Schmidt. This reographic Society-Palomar Obzervatorv Skyv Survey.
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1THE BIG
- SCHMIDT

The wide, sharp field of the 48-inch telescope, now engaged

in a survey of the entire sky visible from Palomar Mountain,

mmp!emeuts the deep but narrow view ﬂf the great 200-inch

imstruments an astronomer needed

in the practice of his profession
were a conventional telescope and a
good clock. Today the problems astrono-
my is tackling are so intricate and diverss
that an astronomer who set out to inves-
tigate them armed only with a traditional
telescope would be a little like a natural-
ist setting out to collect whales and mi-
crobes with a butterfly net. The modern
astromomer, concermed with such mat-
ters as the method of energy generation
in stars, the relative abundances of the
chemical elements in the universe and
the distribution in space of fantastically
far-off galaxies, requires a large array of
special instruments, each designed for a
particular purpose. His equipment now-
adays includes such devices as photo-
electric photometers, radio “telescopes,”
high-altitude rockets and devices for pro-
ducing artificial eclipses of the sun. And
the evolution of the optical telescope
itself has produced a number of highly
specialized forms.

Public attention has focused mainly
on Palomar Mountain’s giant 200-inch
tele . Not many people realize that
the 200-inch is a specialist of a kind. It
looks a billion light-years into space, but
it gives us only a gimlet-eyed view; what
it gains in penetration it loses in breadth
of vision. Looking through such a tele-
scope is like looking into a ball park
through a nail hole in the fence.

The 200-inch is the culmination of
the main line of development in classical
telescopes. We have been building ever
larger and more rerful instruments,
reaching farther and farther into space

THEHE was a time when the only

by Albert G. Wilson

but steadily narrowing our view. As a
result we have in a sense been seeing

less and less of the sky as a whole. At the
farthest range of our more powerful tele-
scopes less than two per cent of the sky
has been photographed so far. Our pres-
ent picture of universe is based on a
few long thin views of these remote re-
gions and on what we know about the
regions near us.

Obviously to get a comprehensive
view of the universe we need a new type
of telescope that can look both far and
wide at the same time. The best answer
to this need has been found in the large
Schmidt-type photographic telescope. By
an ingenious combination of mirror ans
lens it can photograph the sky at once to
great depths and over a wide hield. This
article will describe the largest instru-
ment of this type now in existence—the
48-inch Schmidt on Palomar Mountain.

* Aberrations

The main problem in designing a tele-
scope to provide a wide hield of view is
to get rid of the optical aberrations or
interferences with the quality of the
image that are inherent in rellectors and
refractors. One of these aberrations goes
by the name of chromatism. It occurs
in all lenses, and it is caused by the fact
that the refracting lens splits the trans-
mitted light slightly into its spectrum
of wavelengths, IhEIlEhi producing a
colored fringe that makes the image
fuzzy. Another fault, common to both
lenses and mirrors, is spherical aberra-
tion. arising from the fact that the differ-
ent zones of even a perfect spherical lens

or mirror focus the light falling on them
at different points; the result again is a
hazy image. Other serious aberrations
are astigmatism - and coma. These de-
fects, which affect only off-axis rays, are
caused by unequal magnilication of the
different zones and become more serious
as the angle of the ray with the axis in-
creases, i.e., toward the edges of the
picture.

The history of telescopes is largely a
history of the various devices used to re-
move aberrations. In the early tele-
scopes, which were mainly rEfanﬂm.
chromatism was mitigated by wusing
lenses with a very large focal length;
this reduces the cts of diferences in
refraction of the various wavelengths. A
telescope with a large focal length is,
however, unwieldy. Later it was discov-
ered that bwo or more lenses with differ-
ent refractive indices could be used in
combination to correct the color defects.

The largest modern telescopes are all
reflectors, so chromatism is not a prob-
lem. But the large reflectors must still
contendd with the other aberrations.
Spherical aberration is usually overcome
by making the curve of the primary mir-
ror a ll.'ir'.ulm]u rather than t:nl]j.r ap]]ﬁrj-
cal. A parabolic reflector, however, pos-
sesses the off-axis aberrations. and it is
these, principally the coma, which cause
the trouble tl‘nt].l_'l.-'- They are the I'nrinn;:iP;t].
reason why the modern large reflectin
telescopes, though mighty in light-
gathering power and ability to penetrate
to great depths of space, have so narrow
a held.

Several solutions have been proposed
for the removal of the off-axis defects.
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CLUSTER OF GALAXIES in Coma Berenices is photographed by both the

[

48-inch Schmidt (left) and the 200kinch (above ). The three |IT1':-"-|“ ob jects
in the 200-inch plate, which shows the heart of the cluster, appear in the
center of the Schmidt plate. On this one Schmidt plate some 8.000 galaxies
have been counted. of which about a tenth belong to the cluster itzelf. The
cluster iz about 45 million light-years awayv: the large galaxv at the lower
left on il Selumdt |.F|EI1F" is three or four |||i||inl1 ]i:lH-}l‘.‘lr‘:—- awav. sote T_|I1'
sharpness of the images that are near the edge of the Schmidt plate and
the distortion of the images that are near the edge of the 2(0-inch plate.

Small rains in the size of the beld can
e obtained by introducing a correcting
lens near the focus: in the 200-inch such
a lense increases the usable held trom
2 minutes of arc to about 15 minutes
{2 -':|1.|:r‘.|:'[' of a deoree) ol arc. Other
systems, using two mirrors to iree images
of spherical aberration and coma, have
made l!-l}'1'1[]l11‘ still larger fields. But the
most radical and also the most sueeess-
ful design is that of the late Bernhard
Schmidt of the Hamburg-Bergedord
Observatory in CGermany

:.:H'Iltﬂi.rllhr- ]:11*:1

To I_".-:] the I']"r.':l al

aberrations, Schmidt re:

lntionary remedy: he did

axis. He ';'||.'-;.'itln'|-! b m5e O Sl

ror, because a ‘-l‘]-r.'rr.' has no axis

no off-axis aberrations, and to try to

solve the problem of spherical aberra-

Hons in a new way. He conceived the

idea of altering the direction of the in-

cident rays before they reached the

spherical mirror in such a manner that

after reflection thev would be brought

to the same tocas by : zones. 1o e fhect
l:'.nl':-l.'||:-.

lecd a correct |"||:_|_[|'. which he

l:u].u.-;;. out in fromt at the center of
curvature of the mirror. This combina

S-TNATTOr :.||'*-iﬂ_1'| IEMmoves |:-|:-[||
aberration and coma and o

- 3
vides images o r_-'-..:'||l.'|||. dehnition over

1€ |l.|..'1 SEVE ].-.E eProes 11 iRt
Schmidt’s system has the hurther advan-
tage that it can be built with photo
'.:r-'-|"'||l-..' :-.'|'||'|'l.:.'- faster than /1.

{n the other hand, there are some
| = 19

disadvantares to the

-1_'-.:-1'IL-:||
One is that the picture is not bog used on
a flat plane but on a spherical surlace
This means that the photographic plate
must be bent to a ::5'|]n-:"i-..:1| suriace or
thiat a t]'n'r-.i ap cal element muast he -
troduced into the system to Hatten the
field. Further, the focal surface, whers
| ':'lllllrll'_'l.I'.'llll-l.' :-]:I.ll.' TSl }"l' |'!-|;||.'|'-:I_
is located about halfwav between the
MITTOT :I1'|-:] 1!.1‘ |_'|:'|.|.|.'|:'1|'|.j'_- ;"'_:h'--:l Twing
readily accessible position. In large
Schmidts the |:"-'.|||:-||"||| of loadine and
11||':-.'-.L1|in:_l' £ hue |-|]_.1._--: Call become
rious one. But all of these 1!:'~.|l..1'l.':|'|I|:|g_|_ g
are of little weight when compared with
the creat advantages of excellent deh-
"Iir.illll. kY ||_' |.r.'. . ._|II|_! ].ig]. "-i'l'l'l.l.

It was the amateur astronomers who
did much of the |ri||||-=.|'T1:|'_' work witl
Schmidt cameras. Partls becanse of their
valuable eriments on a small secale
it was soon realized that a Schmidt can

of large dimensions would be the

swer 1o r]'lr.' !II."!l! or a ".'l.'llil.'

mele camera capable of photographing
it |'-':|i|'-:_ ts

How larce a camera of this tvpe was
it feasible to bu hmidt s hirst cam
o, ||||1|[ i 19 1_|||_ Wi an g 1.7 I svstem
aith a 14-inch correcting late andd

37




DWARF GALAXY near our own was discovered by the Schmidt, The zalaxy
15 a very laint patch to the right of the bright star Reeulus. Photograph
copyright National Geographie society-Palomar Obsery atory Sky Survey.

FAINT NEBULOSITY left by a supernova also was found by the Schmidt.
The nebulosity is too large to be appreciated by the 200-inch. Photograpl
eopyrizht National Geographic Society-Palomar Observatory Sky Survey,
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li-inch mirror. North American ohser-
vatories began to construct larger and
|,.£I"_[r_'r IJI(HI{'FH: thie J:"_|]-::lg'|',|;|_1' {:'.l'll-\.r_'j1|||_1|:;||'||_'
had one built with an 18-inch correcting
plate and 26-inch mirror (15826} the
Wamer and Swasev Observatory in
Cleveland a 24/36, the Harvard Col-
lege Observatory a 24733, the Mexican
MNational Astrophysical {Jlmhu-:'ml--:'y a
26/30. But it seemed that Schmidts
much beyond this size might not be
teasible.

There was no problem about retting
a large mirror; successful mirrors with
diameters up to 100 inches had been
built. The trouble lay in increasing the
size of the correctine .|'.I['.l|fl.‘. The Schmidt
correcting plate, unlike a conventional
lens, is very thin: on the average it has
a thickness of the order ol onlv one
fiftieth of its diameter. Consequently as
it is increased in size the elastic !--'lu.fiu!:
of the thin plate may become apprecia
ble. Fortunately, however, the optical
svstem is relatively insensitive to such
deflections, and it is even possible to
support the correcting plate at its center,
so this factor is not a serious limitation
on the ]'.ILIh"H size. More serious is the
tact that the correcting plate, like all
lenses, is subject to chromatic aberry
tion. 1t is possible, of course, to achroma
tize the system by employing two plates
of different indices of refraction. But in
large sizes this mieht he very diflicult.

The Building of the 48-Inch

In 1938 the Observatorvy C nmicil of
the California Institute of Tech ogy
the group responsible for the desien and
comstruction of the 200-inch -‘_;-!.«;:-lu-
and its auxiliaries, decided that a larpe
Schmidt-type camera would make an ex.
l:'l.'”-l'.'l'. -..-.llz'l.jlpi.ll'\ for the 200-inck [ Was
decided to build as larse a Schmide as
could h':l_ﬁi]:|_1,' be constructed without
the necessity of revolutionary o ibica-
tons to |l'.'|":l'-'.'-:l.‘lll, I.;l|'.'!IIiL|I-:‘--.'.II. Caleula-
tions showed that an /2.5 camera with
a 458-inch conventional correctno ||'_:_[l-
and 72-inch mirror would not introduce
objectionable chromatism. In 1939 con
struction was besun on such a Schmidt
tor the Palomar 'iT":-Hn-w.:LI-::r}'.

Overshadowed by its giant colleague.
the 45-inch Schmidt attracted little at-
tention. But its engineering and optics
|':-|E|J::--.£ the same sort of ]li'_f:'n]'- -E—.|E||'|_!
||'IZ'].'|J||.:||I.?\-. that were demanded for the
i““-i!ll?-. The miast exacting sinele e
was the -i]l;Ll'.ll'u: ol the |;l1'_'_'_l.' CoTrectino
[‘.li.LIL-. This pioneering piece of work was
taken over by Don Hendrix of the
Mount Wilson Obser itory optical staff.
Hendrix i spected a whole carload of
|"]"‘-'-' —: L% I5'|'|.|"|'l.' he found a plece suith-
ciemtly free of defects to make a useful
blank for the correcting plate. He then
devised tools and methods for orinding,
|:-||!_i:-!|:ir|-_r_ ancl Iﬂ'h[:ill_j ‘;}n-e' |-LI':_';=' |!].::| and
in only three months” working time suc



ceeded in producing a correcting plate
of excellent quality. Hendrix also shaped
the spherical surface for the 72-inch
Pyrex mirror. The remaining optical
parts, including two 10-inch refractors
used for guide telescopes, were made in
the optical Ehﬂﬁﬁ of the California Insti-
tute of Technology.

The telesc itself was manufac-
tured in the Caltech machine and
set up on Palomar in a dome about a
quarter of a mile east of the 200-inch.
The Big Schmidt, as it is called, consists
of a tube 20 feet long in a fork-type
mounting which allows the telescope to
sweep all parts of the sky from the pole
to as far south as declination minus 45
de . The combined weight of the
fork and tube is over 12 tons. This whole
assembly moves on two-inch ball bear-
ings in the polar axis. The tube, partly
cylindrical and partly conical and made
of 5/16-inch welded steel plate, looks
like a large mortar. The teles shut-
ter comsists of two rotating lo-
cated inside the tube behind the cor-
recting plate. This construction allows
the comrecting plate to be removed or
auxiliaries to be mounted without re-
moving the shutters. The mirror and its
cell are mounted at the lower end of the
tube and are kept at a constant distance
from the focal surface, regardless of
temperature fluctuations, means of
three floating metal-alloy rods.

The telescope does not have position-
ing circles but instead employs Selsyn
indicators which take their signals from
declination and right-ascension
and transmit the position electri to
the control desk. Other electrical fea-
tures include antomatic limit switches
which the telescope four degrees
from the hori automatic control of
the dome’s rotation and automatie
lation of the wind-screen height. The
telescope is driven by a 1/25th-horse-
power synchronous motor.

Two sizes of photographic plates are
used in the camera: 10 inches square
and 14 inches square. Since the plates
must be bent to a spherical surface with
a radius of 120 inches, to conform to the
curved focal surface, they have to be
very thin—less than one millimeter in
thickness. The delicate glass plates are
tested by bending beforehand to make
sure they will not break in the telescope.

Construction of the telescope was f-
nally completed in the autumn of 1948,
The first tests showed that the telescope
was much better than its specifications
called for: the usable aperture of the
correcting plate was actually 49.5 inches
instead of 48. On 14-inch photographic
plates the images were found to possess
excellent definition over the entire field
of 44 square degrees. The telescope is
so fast that with 103a-0 emulsion it
reaches its limiting magnitude of 20.3
in about 12 minutes. This limit corres-
ponds to the brightness of an average
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galaxy at a distance of 300 million light-
years; in other words, the 48-inch
Schmidt can “see” about one third as
far as the 200-inch itself. So finally here
was available a telescope of excellent
quality that could photograph to great
depths over a wide field.

The Schmidt’s Big Project

The question now arose: What assign-
ment should this great new instrument
tackle first? There are three general
types of job it is especially well qualified
to do. One is to photograph wide, ex-
tended objects that an ordin tele-
scope can only sample piecemeal—such
objects, for example, as the large galac-
tic clouds of dark or luminescent gas
called nebulosities. It was known that a
few nebulosities covered several sqquare
degrees in the sky. Preliminary SUrveys
with the new Schmidt revealed that
some of them were much more extensive
than had been realized. Moreover, the
new te disclosed new nebulosi-
ties so large that their identity would
never have been suspected from the
knothole views obtained with conven-
tional telescopes. The Schmidt makes it
possible to study the turbulence in these
gas clouds as no other instrument could.
Another of large object that only
the Schnm can see anywhere nearly
whole is a cluster of galaxies relatively
close to us, such as the clusters in the
constellations of Coma, Hydra and Vie-
go. It would take scores of x;:lal:f:s with a
reflector telescope to give the same cov-
erage of these objects that four or five
Schmidt plates afford.

The second kind of program for which
the Schmidt is particularly suited is the
statistical study of large numbers of ob-
jects. Statistical information about the
distribution of stars in position, motion,
brightness, color and so on is basic in the
study of the structure of our galaxy. The
Schmidt, used with various filter and
emulsion combinations, can single out
particular types of objects such as plan-
etary nebulae and emission stars and
chart their distribution. Similarly, for
clues as to the structure of the universe
the astronomer is interested in the dis-
tribution of systems outside our galaxy.
This information will be made much
more complete through the Schmidk.

The third appropriate big job for the
Schmidt is a simple voyage of explora-
tion. Its high speed combined with its
wide field make this telescope ideal for
patrolling the skies. Indeed, for this it is
as superior to the conventional tel
as an airplane is to an autijmﬂbi]e. The
rimary pu of a patrol is discovery,
!I'he B?épsmt can be used for two
kinds of patrol. It can explore new re-
gions out to fainter magnitudes than
have been surveyed before; there it wil
undoubtedly discover many new faint
objects. And it can rapidly résurvey parts
of the sky already covered to detect
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changes there, e.g., to discover new su-
permnovae. The veteran 18-inch Schmidt
on Palomar revealed 18 of these giant
exploding stars in five years of patrolling
certain galaxies.

When the Big Schmidt had proved
its excellence in its preliminary tests, the
Observatory’s research committee, head-
ed by Edwin P. Hubble, met to discuss
the question of priority. It was decided
that the best way to begin was to take
the bull by the homs; namely, to under-
take one extremely ambitious am—
a systematic survey of the entire sky
visible from Palomar. Such a project
would at once cover many of the re-
search programs awaiting the Schmidt,
Not only would it provide an explora-
tory patrol of the skies but it would col-
lect the observational material needed
for the study of extended celestial ob-
jects and of distributions of stars and
galaxies.

The National Geographic Society,
which for over 60 years has s
expeditions to far corners of the earth in
quest of geographic and scientific knowl-
edge, became interested in this proposed
exploration of the heavens. It therefore
undertook the financial sponsorship of
the survey, and the ambitious program
was made possible as a cooperative un-
dertaking of the Society and the Mount
Wilson and Palomar Observatories. It
was decided that photographic prints of
each field should be distributed at cost
to interested institutions and individuals,
The whole set of prints will be known
as the National Geographic Society Palo-
mir Sky Atlas,

Hubble, the scientific director of the
project, has pointed out that the Atlas
will serve as a record of the heavens at
one epoch, will provide an invaluable
r&fﬂrﬁ library for a great number of
astronomical research projects, and, most
important, will give us the first good look
at the universe around us out to the dis-
tance to which the largest telescopes are
working. Only one photographic atlas of
the entire sky has ever been made. This
was the Franklin Adams Survey con-
ducted over 40 years ago with a small
camera that reached only to the magni-
tude of 17.5. The Big Schmidt reaches
out to stars 15 times famrer In addition
there is a tremendous gain in the im-
proved definition and image quality of
the Schmidt plates.

The survey with the Big Schmidt was
formally inaugurated in July, 1949, The
present objective is to photograph the
sky to dec]liu:lti'un minus 24 degrees, It
is hoped that in time funds can be ob-
tained to construct a duplicate Schmidt
in the Southern Hemisphere and com-
plete the map for the entire sky.

The entire sky contains 41,259 square
degrees. Of this, three-fourths is visible
from Palomar, One 14-inch phnﬁ:‘ph-
ic plate used in the 48-inch & it
covers over 40 square degrees. This
means that the Schmidt, even with felds

overlapping, can cover the whole visi-
ble sky with less than 1000 plates,
Assuming that each field can be photo-
graphed in approximately one hour, it
should take only about four vears to map
the sky.

The Sky in Two Colors

Each field is photograpbed twice—
once with a blue-sensitive emulsion and
once with a red-sensitive emulsion. The
two exposures are made in rapid suces-
sion in order to obtain an accurate com-
parison of the sky in two colors. The two-
color photography is in effect equivalent
to a rough spectral analysis. Compari-
sons of starlight in the two colors pro-
vide what is known as the color index of
the star. The color index provides a great
deal of information about a star, since it
indicates the star’s spectral type and tem-
perature. Colors of nebulosities are an
aid in identifying the sources and mech-
anisms of their luminescence. Colors of
extragalactic systems are helpful in iden-
tifying what kinds of stellar populations
are present and aid in checking the re-
moteness of galaxies, for distant galaxies
show considerable reddening because o
the red shift. Colors also give a clue to
the presence of obscuring material in in-
terstellar space, because such material is
more transparent to red light than to
blue light. So in addition to the ordinary
positional data available from a ﬁiug?e
photographic plate, the two color plates
give appreciable physical data.

In its first few months the survey has
already produced many interesting dis-
coveries and accumulated much signifi-
cant material. As expected, it has dis-
covered new clusters of galaxies, new
faint galaxies, new planetary nebulae,
nebulosities, comets and asteroids. Some
oddities and phenomena not yet ex-
plained have appeared. New informa-
tion of possible cosmological significance
has turned up, both on the distribution
of extragalactic nebulae and on the den-
sity of matter in the universe. This mate-
rial will be made available to astrono-
mers everywhere in the near future, The
process of systematic evaluation can
then begin. It has been estimated that
the Atlas as a whole will furnish so mugch
information that astronomers will be
kept busy for 50 years tabulating and
interpreting it.

Great advances in scientific knowl-
edge have been made either by the dis-
covery of new objects or by looking at
familiar objects in a new manner. The
survey with the 48-inch Schmidt em.
bodies both of these aspects. It may wel]
prove to be one of the most significant
astronomical endeavors of all time.

————
Albert G. Wilson is a
member of the staff of

the Mount Wilson and
FPalomar Obsercatories.



A RICH VARIETY OF OBJECTS i: zhown by the |4} emitted light. At lower right and upper left are three
=chmidt’s view of Scorpio. At lower right is the bright globular clusters. At upper right are dark nebulae that
=tar Antares, embedded in a diffuse nebula that shines blot out the stars in the background. Also on the plate
liv reflected light. At left center iz a nebula that shines are 30 asteroids too faint to show in this reproduction.
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