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The moon is gone

And the Pleiads set,
Midnight is nigh:

Time passes on

And passes; yet
Alone I lie.

Sappho.



INTRODUCTTION.



"On the Sth of October, 1960 a convention was signed in the

French Ministry of Foreign Affairs by the representatives of
Belgium, France, Holland, Sweden, and Western Germany regarding
the erection of an Observatory south of the Equator, to be known
as the European Southern Observatory, equipped with instruments
equivalent to the best in the northern hemisphere, and to be used
jointly by the astronomers of these five countries. It will be
yet another project in a series of Research Programmes launched by
European countries and including nuclear and space research.

The final decision as to the selection of a site will be taken in
October '63 by the Executive Committee, while construction work will

commence in 1964. Completion of the scheme will take six to ten
years."

From a report by Prof. O. Heckmann
Chairman E.S.O. Committee.

In this thesis I will attempt to find & solution for the architec-
tural problems inherent in the design of an observatory, using the

site, the instruments and the accommodation requirements of the
E.5.0. as a basis.






Fig. 1 The Crab Nebula, remnant of an exploding star,
glows like veined marble.

Chinese astronomers in 1054 recorded the appearance of a star so
bright that it shone by day. It blazed for a few months, then
disappeared, What the Chinese saw was nature's rarest and most
awesome fireworks, a supernova Erupting with the brightness of a
hundred million suns, the star ejected this cloud of gas, which
ever since has been expanding 70 million miles a day. High-speed
electrons, still gyrating violently after 900 years, illumine

the nebula's interior. Racing electrons in the Crab's tenteacles

collide with nitrogen and hydrogen atoms, causing them to glow
cherry red.

Invisible to the eye, these radiant colours were accurately presen-
ted with the use of newly developed film.



T HE SELECTTION O F A SITHE

From the beginning the European Southern Observatory Committee con-
centrated on two countries in their search for a suitable site:
Chile and South Africa. Australia was disregarded, being too far
away from Europe. Small groups of students and astronomers were
sent abroad to make an initial survey of climatic and seeing con-
ditions. They roamed the country, camping, and gathering valuable
information. In Chile a site with near-perfect conditions was dis-
covered, but found to be too far off the beaten track, being 5 days
on horseback from the nearest settlement!

In the Karroo two sites were subjected to elaborate investigatious,
the one being near Seekoegat on the road from Prince Albert to
Beaufort-Wwest, the other at Klawervlei, 30 miles to the north of
Beaufort-West in the Nuweveld Mountains. A most interesting visit
to both sites revealed various factors in favour of Seekoegat and
subsequently that site was selected as a basis for this thesis.

The site at Klawervlei, in fact three possible sites are up to 6300
feet above sea level and sixteen 'perfect' nights a year have been
registered, compared to three on Mt. Palomar. Frequent mist in the
mountains may, however, render many nights useless, and the access
road, winding its way up the Nuweveld Mountains, is a limiting factor
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Furthermore, to get the best possible conditions for each instrument,
it has been suggested to split the observatory into three units,

one on each site. This would lead to many problems and triplicate
most services.

Seekoegat has no major disadvantage. It is one of those rare near-
perfect sites, worthy of a large observatory.

All the sites under consideration are located in remote areas
necessitating the seperation of the observational and analytical
activities. Astronomers and their families cannot be expected to
spend years in desert-like surroundings. Only instruments and accor
modation essential for astronomical observations will be located on
the site selected, the remainder, including the administrative office
and large astro-physical laboratories, will be situated in the nearest
city. On the desert site functions will again be seperated, the
living-quarters, with the exception of the Directors' Residence and
the Caretaker's flat, being approximately half-a-mile away from the

observatory proper, so that lights at night will not interfere with
observations.

This thesis will be limited to the design of the observatory.



Since Sir John Herschel's observations in the Cape two-hundred
years ago South Africa contributed more to our knowledge of the
Universe than any other country in the Southern Hemisphere But
the results are negligible when compared with the information
obtained by the giant American reflectors. Radcliffe Observatory
at Pretoria has a large telescope by normal standards, but it does
not suffice for a study of galaxies and nebulae, and the seeing-
conditions are far from ideal, as are those at Bloemfontein's two
observatories. The following incident may illustrate this:

After elaborate investigations the astronomers at Radcliffe succeeded
in making out fifty stars in the Magelanic cloud with their 74-inch
reflector., One photo taken by a French astronomer at Seekoegat

with the 20-inch Astrograph - to be used in the E.S.0. - revealed
more than sixty stars.



The choice of a site for an Observatory is governed by one
cardinal factor:

SEEING CONDITIONS

All other considerations are of secondary importance. Sir
Christopher Wren, who designed the Royal Observatory at Greenwich,
may have been the last architect to select a site for an observatory.
Today this decision is taken by Astronomers and Meteorologists. The
architect should, however, have a basic knowledge of the criteria
involved, as these may greatly influence his design.

CLOUDsS. A large number of cloudless nights evenly distributed
throughout the year are desirable. Often observations are only
possible during two or three nights, e.g. when a comet is visible low
on the horizon, and a few rainy days would make them impossible.

Temperature and movement of the ATMOSPHERE. OCur Atmosphere is not
a homogeneous mass like optical glass, but a turbulent mixture of
many layers of air at different temperatures with sharp lines of
seperation between them. Clear, steady air masses that do not absor
starlight and scatter it as would moving, turbulent air, are the firs
necessity. Crackling, crystalclear air, made up of a throusand
wavering layers of different densities cause the stars to twinkle

and the images on the photographic plates to wobble around. This

stratification is partly due to extreme changes in temperature betwee



day and night, and partly caused by hot air rising at night. The
latter cause can be eliminated as indicated later. While a tele-
scope is in operation it is essential to have the same temperature
inside and outside the dome to avoid air turbulence in front of the
telescope tube, which can be overcome by air-conditioning the dome,
a procedure adopted by every large observatory.

Even a gentle breeze, when disturbed by trees or buildings, can
cause considerable turbulence. Therefore the domes should stand
on an open plain, unobstructed by large buildings or high vegetation.

NATURE OF LAND AND GSURFACE COVERING. Mountain edges or sudden
rises in the ground cause rising currents of hot air. A small, flat
piece of ground which rises gradually above the plains, is most
suitable. It must be small enough to avoid storing too much heat
and big anough to be out of the reach of updraughts. Rocky terrain
without vegetation will store much heat during the day and keep the
air above it turbulent for a long time after sunset.

ALTITUDE. At sea level the telescope receives light which passes
through very thick layers of air. The higher the altitude the less
light is lost and the danger of distortion diminished. From this it
does, however, not follow that the highest mountain peaks offer ideal
conditions. A loss of light can bpe compensated for by scientific
methods: more sensitive plates and still larger mirrors, but the

behaviour of the atmosphere remains beyond man's control and is the

- . ° - - g



THE LIGHTS OF A CITY 1less than 15 miles away will affect the
photographic plates when long exposures near the Horizon are made.
POLLUTED AIR as found near industrial centres can be a great hin-

drance. An observatory should preferably be more than 20 miles
away from the nearest city.

To what extent does the site at Seekoegat satisfy the standards
set above?

Tests conducted there during the last eighteen months have proven

that the seeing conditions are as good as the best anywhere on our
planet.

The Zwarteberge to the south form a massive barrier to clouds and

moist winds from the sea. Only during summer do sudden thunder-
storms occur.,.

The wind blows mainly due east or west and rarely straight into a
dome during observations as these are made mainly on a north-south
axis. The gentle rise of the koppie allows the wind to pass undis-
turbed. There is hence little turbulence in the air.

The koppie is covered with low shrubs and cacti amongst darkbrown
stones. A hard, barren surface with little scope for duststorms

but storing much heat during the day. This can be overcome by
planting lawns around the domes.



When compared to Mazelspoort and other observatories the altitude
of 3300 feet is rather low, but for reasons already explained
this drawback is not too serious.

City lights and the polluted air of industrial centres will never
interfere with the quiet seclusion of an observatory at Seekoegat.
The out-skirts of Beaufort-West are fifty miles away and will
remain so for the next hundred years.



THE SITE



That distant koppie is the site.






Both an interesting personality and a beautiful landscape rely for
their appeal to a large extent on an element of surprise. There
are arid regions atracting visitors from afar because man is always
fascinated by thematic variations, whether the theme consists of
lakes and forests or of weather-beaten rock outcrops. But in the
Karroo monotony prevails. When approaching the site from the

south the grandeur of the Zwarteberg Mountains suddenly fades away,
leaving a landscape consisting of two components only: a horizontal
plane and a line, the horizon. The visual impact of any object
growing out of this geometric pattern will be intensely dramatized by
the complete absence of competitive elements.

A splendid setting for an aristocratic building.

ACCESSIBILITY

Plans are being finalized for a tarmac road from Beaufort-West throug
Seekoegat and Meiringspoort to link up with the raod to the Cango
Caves, An additional four miles of tarmac will link the E.3.0. to
this road and the National Road from Cape Town to Johannesburg.

An air link between the observatory and the outside world would be
in keeping with the spirit of the project and the obvious solution
for the long distances concerned. Sites for an airport abound.



SOIL AND WhEATHZER CONDITIONS

At an average depth of 1'6" dark brown Sandstone occurs, the
upper layers of which allow only low foundation loads, but at
the same time have a low vibration transmission coefficient.

The following figures give the average rainfall and temperature
for the last 25 years taken near the site.

MONTHLY PRLRCIPITATICGN TEMPERATURE (F.)

Max. Med. Max. Min.
oct. 1.5" 0.3 98 55
Nov. 2.8 0.6 103 40
Dec. 9.5 0.4 106 46
Jan. 3.2 O.4 108 47
Feb. 5.0 1.1 107 50
March 5.0 0.8 104 47
April 2.5 0.1 100 42
May 1.0 0.12 88 35
June 0.6 0.1 70 31
July 2.0 0.08 65 28
Aug. 2.5 0.02 76 30
Sept. 2.5 0.05 90 32



Fig. 3 Looking south, towards the Zwarteberg
Mountains.






Fig. 4 Yes, desert is rock-bound earth, prostrate
to the sun.






HABITABILITY

An astronomer's work, his night-long vigils, and the extreme concen-
tration required both when observing stars and when evaluating the
data collected, necessiate a counterbalance in the form of sport,
social contacts and opportunities to develop culturally. In this
respect only limited provisions can be made on an isolated site.

The students and astronomers at the present time conducting the
research at Seekoegat and Klawervlei have to take leave for six days
& month to visit a town or tour the country. Similar arrangements
may be required at the E.S.O. Once the tarmac road is built
Oudtshoorn and the Garden Route will be within easy reach, while
Cape Town may prove to be a big attraction.
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Fig. 5 The building housing the 20-inch
Astrograph at Seekoevlei.






ASTRONOMY



Astronomy, which is without doubt the oldest of the sciences, has
contributed more effectively than any other to the development of
human thought. Although born of every day needs (the calendar, the
time, navigation) and the fears of primitive man in the face of the
terrifying phenomena of Nature - for which reason it has remained
closely associated with the superstitions of the astrologers in the
minds of the uneducated, even, alas, to the present day - Astronomy
was nevertheless the first science to form the concept of natural
physical law, which was demanded by the regularity of heavenly pheno-
mena. It was also the first to develop, at a relatively early epoch.
a discipline of accurate observation - to which the tablets of ancient
Assyria and Chaldea, and the pyramids of Egypt bear witness.

At a much later date, it was the Copernican revolution in Astronomy
that liberated man's mind from superstition, and gave birth to the

authentic scientific attitude and the rational outlook of the present
day.

Thanks to Astronomy, the enquiring spirit of man has finally discover:
the true status of humanity in the Universe: a mere atom, but a
thinking atom, situated on a microscopic planet, one of several revol-
ving round a small and commonplace star, itself indistinguishable
from a hundred thousand others, in the heart of a galaxy which in tur
is lost among the millions that populate the tiny corner of space tha

we have been able to explore.
11



BRANCHES OF ASTRONOMY



FRACTICAL ASTRONOMY deals with the field of dservation, design and
use of the instruments, the methods of observing, the elimination of
errors and the deduction of data employed in other branches of
astronomy.

ASTROFHYSICS 1is that branch of astronomy concerned with the physical
characteristics of celestial bodies, i.e. their luminosity and
spectroscopic peculiarities, their temperature and radiation, the
nature and condition of their atmosphere, their surface and both
their qualitative and quantitative composition, and finally all the
phenomena arising from these physical conditions. Thxough the
youngest, this is the most active branch of astronomy and will probab:
outgrow all the others combined.

ASTROMETRY deals with the geometrical relaticns of the celestial

bodies, their positions, distances, dimensions and surface markings.

CELESTIAL MECHANICS 1is the astronomical application of the prin-
ciples of mechanics which describe the motions of material bodies
acted upon by external forces.

COSMOGONY studies the evolution and origin of the celestial bodies.

PHOTOMETRY deals with the intensity of light, particularly the
brightness of stars and planets.

12



NAUTICAL ASTRONOMY includes as much of spherical and practical
astronomy as the Navigator requires.

DESCRIPTIVE ASTRONOMY is merely the orderly statement of
astronomical facts and principles.

The youngest branch of observational astronomy is

SPACE RESEARCH, in which the new-found ability to make scientific
observations from orbiting vehicles outside the earth's atmosphere
is opening up completely new possibilities. Parts of the spectrum

unobtainable to earth-bound astronomy, such as the far ultra-violet,
can now be observed.

13



RADIO ASTRONOMY

Although this new branch of Astronomy is not within the scope of
this thesis, I would like to mention it briefly.

After the war radar specialists found a curious application for

their temporarily idle apparatus: eavesdropping on the universe.

In 1931 a radio engineer heard in his home-made ultra-short-wave
radio set a howling whistle which he suspected to come from an un-
known source somewhere in the Milky Way. Since 1945 the big wire
'dishes' of the radar technicians were directed towards this radiatior
and the Milky Way was discovered to be a broadcaster of radio waves.

These noises are the modern version of Pythagora's and Kepler's music
of the spheres.

Radio astronomy has proven of enormous value to the large telescopes

which can only make probes o the size of pinpricks into space. Using
the extra-terrestial whistle tones as guides, the telescopes would be
directed towards specific points in space, and a number of fascinatin,
facts about the nebular universe were discovered. The collaboration

between observatory and radio astronomy is increasing and has brought
fruitful results.

It is reasonable to assume that once we have suitable observatories,
radio telescopes will be required to guide them.

- f.



Fig. 6 The 250 ft. dia. Radio Telescope at
Jodrell Bank, England.






THE ASTRONOMER AND HIS ASSISTANTS.



The functional pattern in an astronomical observatory is determined
by the activities of the astronomer. The engineers, opticians, etc.
merely assist him. Their work is confined to certain areas whereas
the astronomer's interests include the laboratories and workshops,
the offices and observation platforms, the library and the alumi-
nizing room. As the astro-physical laboratories will be situated

in Cape Town, the astronomer out at Seekoegat will concentrate mainly

on observations. Those made with a large telescope are mainly of
three kinds:

a. Photographs of the sky for the purpose of mapping or for
delineating detail in clusters, gaseous nebulae, orgalaxies.

b. Recording the spectum of a star by means of a Spectrograph
attached to the telescope.

c. Measuring the brightness and colour of stars, either directly
by photo-electric methods or by the analysis of photographs.

Let us accompany the astronomer on a night's duty.

15



A NIGHT WITH THE 8STARS

Extract from "Frontiers in Space".

"For the sake of being specific, consider an astronomer working at
the 200" Hale telescope on Mt. Palomar. Assume also that he ia 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 observer's cage at the Prime Focus. The night assistant,

the engineer who is always present to assume responsibility for the
general behaviour of the telescope, will spend the night at the con-
trol desk on the observing floor, far below.

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

As night comes, the astronomer rides the prime focus elevator up to
the mouth of the observer's cage, steps across a 10" gap, 75' above
the floor of the observatory, and settles himself in the chair in the
observer's cage. He has brought photographic plates with him, per-
haps 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



seconds of declination and right ascention - the locality of the
spot in space where he wants to photograph. The night assistant
sets his dials, pushes a button, 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 screen moves
up or down in the slot as far as the telescopes position will allow.

Lights in the dome go out. The observer looks into the eyepiece,
to make sure that the big mirror is reflecting the right part 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 exposure begins.

Until the exposure is finished, the observer keeps his eye on the
guide star as the telescope sways inperceptably across the sky.

From time to time he presses on a control panel - buttons controllin
the same movements as the buttons on the main control desk - to keep
the telescope aimed at its objective. These minor adjustments are
necessitated by the changeable effects of the earth's atmosphere

on the rays of light beamed on his photographic plate.

The work in hand, the seeing, and the other factors decide how

long the observer remains in the cage. If he is devoting the night
to a series of fairly short exposures, the chances are that at

about midnight the lights in the dome will go on, and he will come

17



down from the telescope for a cup of coffee and a sandwich and to

warm up. Observing at the prime focus, particularly in winter,

calls for heavy clothing. Recently electrically heated coats have

been used with good results. The temperature in the dome is often
. . . . —/2.° .

below feeezing point, sometimes going as low asﬁcentlgrade.

Much depends upon the weather. Seeing may not become good enough
to allow photography until one or two a.m. - perhaps not at all.
Or there may be good seeing most of the night.

As soon as day breaks, the astronomer, possibly cold and cramped,
rides down the elevator with his small collection of plates. Then,

if his turn at the telescope is over, he returns to the offices to
begin with a study of and laboratory evaluations of his plates. Thic
is aone with comparators that can measure the position of points on
his photographic plates with an accuracy or a rew hundred-thousands
of an inch, and with microphotometers that determine the intensity

of light that effected the emulsion on the plates. It may take the
astronomer weeks or months to measure and interpret the photographs
he has taken in one night's work."

18



Astronomers often feel as having a personal relationship with their
instruments. They look upon them as something more than a means

to an end; they could feel equal passion for technical problems

and for the flights of pure science. A perfect example of this
attitude was provided by the physicist Albert Michelson of the
University of Chicago. He loved his instruments as if they were
beautiful women, maintaining that they had human characters, and
distinctly feminine ones at that. They react to flattery, persua-
tion and threats. Handling them is as fascinating as a game of chess

They come up with unforeseen manoeuvres, taking advantage of every
mistake - like a woman!

The nature of his work, with its utmost concentration and precision
behind the eyepiece and when analysing photos, demandspleasant
surroundings well suited to their function. During his off-duty
hours after intricate calculations, or during the tea break after
strenuous hours in the cage of the telescope he should be allowed
to relax in an environment that returns him to the other aspects of
life and his human nature and delights him with the sight of green
grass and rippling water.

Most astronomers prefer to develop all photographs themselves but
often other duties predominate or a large number of prints are

19



required from one negative. These are then done by the DARKROOM
ASSISTANTS.

The movements of the 150-inch telescope and the Schmidt-camera are
directed from a control-desk by the NIGHT-ASSISTANT, who has to be
on duty whenever observations are made. He controls the movement

of the domes and shutters, adjusts the air-conditioning systems and
assists in the attachment of auxiliary instruments to the telescopes.

Visiting astronomers may bring along special instruments which have
to be adapted to the particular telescope. This can only be done

on the spot. Delicate adjustments are made by the INSTRUMENT MAKER
who will also construct new attachments while the OPTICIAN grinds

the necessary lenses and is responsible for the optical alignment.

The MAINTENANCE MECHANIC is in charge of the machine shop and has

to ensure that all instruments are in a perfect working order. The
electrical installations, the control gear for the telescopes and
the electronic equipment including many of the measuring instruments
are the responsibility of the ELECTRONICS ENGINEER. Tests in the
laboratory are carried out by the laboratory assistant, according to
the instructions of the astronomer.

The Director of the Observatory will have a PRIVATE SECRETARY who
will also act as receptionist, while another SECRETARY is available
to the astronomers and is in charge of the library.

20



A supervisor will be in charge of the kitchen and at the same
time act as HOUSEKEEPER for the off-duty section. The

CARETAKER is responsible for the remainder of the buildings and
the garden.

Nine non-european boys will work under his supervision while
one will assist the housekeeper.

2l



THE TOOLS OF THE ASTRONOMER



There is such a wide range of astronomical instruments that this
survey can only include those, which will constitute the equipment
of the European Southern Observatory.

THE TELESCOPE is the aristocrat amongst the tools of the astronomer.
As a machine it ranks besides the largest of locomotives but as a
precision instrument it must be the equal of the best microscope,
with an accuracy that the finest watch could not hope to achieve.

There are two main types: the REFLECTOR and the REFRACTOR. The
refractor corresponds to the popular conception of a telescope.
Galileo, the first man to look at the moon, the planets and the stars
with other than the naked eye, made and used such a telescope in
1509. It has certain disadvantages, limiting its size and the

field of definition. The largest one built to date is the 40-inch
refractor at Yerkes Observatory.

Every large telescope built since 1900 has been a reflector telescope
In this type the parallel light rays from a star «re focused into an
image by a concave mirror mounted at the lower end of the tube. The
first such telescope, made by Isaac Newton in 1668, had a thick

metal mirror with a polished metal surface. Modern reflectors use

a glass mirror with a thin coating of silver or evaporated aluminium
on the front surface. Since no light rays pass through the glass,

22



imperfections in the body of the mirror do not matter. While a
lens can be supported only around its edges, a large mirror can be
supported at many points on its unused back surface; this elimi-
nates the problem of deformation of a large disk of glass under its
own weight. The reflector may easily be made fast, i.e. with a
focal length not more than five times the diameter of the principal
mirror. This is of great advantage in photography. On the other
hand lenses are much less vulnerable to temperature distortions
than a mirror. The slightest distortion will impair the image of
a star on the photographic plate. To minimize this effect "Pyrex"
glass was used for the 200-inch Hale telescope on Mt. Palomar. The
mirrors at the E.S5.0. will be made of Guartz, which has a thermal
stability twelve times greater than that of "Pyrex".

All large reflectors and refractors are mounted equatorially, i.e.
rotating around an axis parallel to the axis of the earth. Com-
paring the various mounts, their advantages and disadvantages would
inevitably lead to a long technical discussion. As the designs for
the telescopes to be used at the E.S.0. have not been finalized,
those mounts which were used on recently constructed telescopes of
similar size will be adopted as a basis for this thesis.

23



SCALLE ; /"=20!

The European Southern Observatory will be equiped with the
following telescopes:

a.

b.

A 150-inch Reflector, second in size only to the 200-inch
Hale telescope, but more powerful due to certain optical
refinements and the superiority of its quartz mirror. The
tube will be 14 teet in diameter and 48 feet long, suppor-
ted by a fork mount as used for the 120-inch Lick reflec-

tor, (Fig.23) with a Spectrograph attached to the coudé-
focus.

A 20-inch Prism-Astrograph already in operation at Zeekoegat.
This instrument is basically a double-barrel telescope,

having one mirror to guide the instrument, another for

24



photographic recordings. It is a prototype and has been
specially disigned to suit conditions in the Karroo. It
is 14 ft. long and supported by a yoke mount.

c. A 40-inch Reflector for spectrographic work with a high-
dispersion spectrograph permanently fixed to the coudé-

focus. The telescope is 20 ft. long and employs the
German equatorial mount.

d. A 20-inch Reflector will be available to students and
visitors. This instrument will be similar to the one
shown in Fig.8 and does not require a dome, but could be
kept in a store and only taken out when needed.

e. A 48-inch Schmidt-Camera, identical to the one at Mt.
Palomar. A hybrid of reflecting and refracting telescope,
the Schmidt combines the advantages of both. Briefly, it
consists of a camera capable of sharp definition at focal
ratios never before associated with a large field of vision.
It contains but two optical parts, one a spherical mirror,
the other a lens of negligible power.

The apparent motion of the stars must be counteracted by means of a
driving mechanism, usually referred to as the clock or drive, the
rate of which must be continuously changed in order to correct, e.g.
for differential refraction. This in the case of the 150-~inch
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telescope and the Schmidt is accomplished by the use of a fre-
quency-controlled synchronous motor drive governed by an electronic
computer which allows for eight factors of variation. The two
smaller telescopes have a less complicated drive only allowing for

differential refraction. The 20-inch reflector obviously requires
no automatic control gear.

The movements of the 150-inch and the Schmidt, the rotation of
their domes, the opening and closing of the shutters and canvas

louvres and various other items are controlled from a central desk
on the observing floor where a night assistant will be attending.

These desks are 6'x2'6"x 3' high. For the 40-inch and the astro-
graph only small switchboards are required.

FOCUS. For different kinds of observations and research, different
lens and mirror arrangements are used.

PDIME TOCUS CoOUuOE Focus
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All four telescopes have a Cassegrain focus. When using this
focus on the 150-inch, the observer sits in a "cage" behind

the mirror, while on the other three instruments a movable
hydraulic 1ift enables the observer to follow the movements of
the telescopes. Only the 150-inch has a prime focus and this is
accessible from a cage suspended in the centre of the tube.

With the exception of the astrograph all have a coudé-focus which
is taken down the forks and along the equatorial axis by means

of a series of mirrors, and, in the case of the 150-inch and
40-inch, into a spectrograph room.



AUXILIARY EQUIPMENT



The starlight focused into an image by the telescope is the only
connection between the astronomer and the distant part of the
universe he is investigating. The tools he uses to unravel the
information contained in that image are quite as important as the
telescope. The human eye has long since been assigned a minor
role, although for assessing fine detail on planets and in measuring
the seperation of close double stars, it has never been surpassed.

THE PHOTOGRAPHIC FLATE can,during a long exposure, record objects
quite invisible to the eye, as well as giving an impersonal record

of many details. The degree of blackening is a measure for the
intensity. By successive exposures with photographic plates, sen-
sitized for blue, red, or infra-red light, combined with appropriate
filters, the colour characteristics of the original source may be
determined. Glass plates rather than films are used because of thei
flatness and their great dimensional stability.

SPECROSCOPE AND SPECTROGRAFPH

These two instruments have been the most powerful tools for in-

creasing our knowledge about the physical condition of the stars
and planets.

In 1825 the French philosopher Auguste Comte had no hesitation in
citing the chemical composition of the stars as an absolutely in-

disputable example of knowledge that mankind would never possess.



advances in astronomy thanks to the development of spectroscopic
analysis and the discovery of the fundamental laws of atomic and
molecular radiation.

The Specroscope consists of one or more prisms dispersing the light

to give a large spectrum. In astronomical work it is firmly bolted
to the telescope, which collects a large amount of light from the
object under observation. By replacing the eyepiece by a camera

the Spectroscope becomes a Spectrograph.

When the Spectrograph is in operation for long exvposures it is
essential to keep the temperature the same in order to secure con-
stant dispersion, and to do this the Spectrograph is enclosed in an
outer case which is electrically heated and thermostatically con-
trolled at a temperature which can be set beforehand. For workiug

in the ultra-violet range a vacuum has to be created around the
prisms.

The Spectrograph can be attached to the rear of the reflector

behind the mirror i.e. at the Cassegrain focus in which case it is

a light instrument approximately 5' long x 12" x 12" weighing 200 1b.
When not in use it is kept in the instrument storeroom. The wide-
dispersion Spectrograph at the coudé-focus of the 150-inch and the
40-inch are stationary instruments requiring a low constant tempera-
ture. They should preferably stand on the same base as the telescop



The sizes of these Spectrographs are:
150-inch telescope: 12'x8'x6' high
40-inch " 4'x4'x3' high
THE MICROMETER is used in visual work only at the focus of the

glass of the objective to enable accurate measurements of small
angles to be made. Each telescope requires a micrometer.

PHOTOMETERS. There are two main groups of photometers. The

first type measures the intensity of the obJject at the telescope,
while the second measures the intensity of the photographs taken
earlier at the telescope (in the laboratory at leisure). It enables
the astronomer to determine by how much two sources of light - a

star and an artificial source - differ. The latter type, two of
which will be available to astronomers in the measuring room, can
only be used in complete darkness, and thus require seperate cubicles

For measuring the brightness and colour of stars the PHOTO-ELECTRIC
CELL is increasingly used. It provides yet another form of photo-
meter, which can be used both at the telsecope and in the laboratory.
The current is so weak, however, that sensitive electronic equipment

must be used to amplify it. The results are usually recorded
automatically on a paper chart,

In the ELECTRONIC IMAGE TUBE the more efficient photo-electric
cathode is substituted for the photographic plate. This complex



Fig. 7 An Iris photometer.






device, similar in principle to a television camera, is still in
the developmental stage. It seems destined to replace the photo-
graphic plate for the difficult tasks, and, once its potentialities
are realized, it will increase the power of all large telescopes.
One of these instruments will be built for the 150-inch and altera-
tions and improvements will be done in the E.S.O. workshops.

THE DENSITOMETER. When the astronomer desires to measure the
brightness of stars recorded photographically, he must have a

scale of photographic blackening or density to interpret his measures
The Densitometer is used to impress such a scale into every plate

before it is used. It is a 1 ight instrument, standing in the main
darkroom.

THE BLINK MICROSCOFE is used to compare two photographs of the

same region of the sky to detect changes which may have taken place
between the two exposures. Two of these instruments, 2'x1'x1l' high,
will be used in the measuring room.

OBJECTIVE PRISM. A spectrograph can only collect light from

one star. It is, however, often desired to study the spectra of a
number of stars in an area of the sky. This can be done by using
the obJjective prism, which consists of a large piece of optically
worked glass, prismatic in section but circular in plan, placed in
front of the object glass at the focus.



THE STELLAR INTERFEROMETER is used to seperate the disks of two stars
very close together and has enabled astronomers to determine the
angular diameter of the largest stars. Only the 150-inch will be
equipped with a 20 ft. wide Interferometer, which, when in use, is
attached to the upper end of the tube.

ASTROLABE. An instrument used for determining the altitude of
celestial bodies from which time and latitude are deducible. With
a history of 2000 years it may claim to be the oldest scientific
instrument. The latest versions bear no resemblance to the tradi-
tional brass circle and are highly sensitive optical instruments.
The one to be used at the E.S.0. is 3'x3'x2' high with an angle of
vision of 450 above the horizon.

THE ELECTRONIC COMPUTER. The theoretical work carried out in office:
and computing laboratories seeks to access or interpret observations
and to correlate such information by forming new theories susceptible
to further observational tests. Some astronomers devote their whole
career to such work. This aspect of astronomy largely relies on
electronic computers. Hardly any measurement made at the telescope
is of any use until it has passed through a process of calculations
and correction more or less prolonged. The continual variations

in the adjustments of the telescope, the refraction of the air, and
the daily and yearly changes in the position of the celestial equator



have all to be included in the calculations, which are done by

intricate electronic computers. The E.S.0. requires only a

small computer about 2'x1'6"x3' high, controlled by one of
the secretaries.
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Fig. 8 A transportable 20-inch reflector.






PRECEDENT



The erection of special buildings for astronomical research has a
long tradition. It is said by Diodorus that the great temple of

Belus at Babylon was built for astronomical purposes. Chinese re-
cords indicate, that during the same period (2300 B.C.) the gnomon
was first used for measuring the altitude of the sun. There is no

evidence of the existence of an observatory of Greek or Alexandrine
origin until about 300 B.C. when one was built at Alexandria, but we
have limited records as to its shape and the instruments used. In
the 12th century a splendid observatory was built at Maragha in nortl
west Persia, basically still a temple, but adapted to the needs of
observing stellar bodies. Others followed in western Asia and in
central Europe, but the first one that may be considered a prototype
of modern national observatories was that of Tycho Brahe on the islar
of Hveen, off the south-west coast of Sweden, and appropriately namec

Uraniborg, i.e. "Castle of the Heavens". This building was of some
magnificence (Fig. ©. ) and large enough to house Tycho and several
young men, who lived with him as students or observers. It had a

ring wall around it, with the corners directed to the cardinal points
and observations were made with simple instruments, which operated
through holes in the wall.

The discovery of the principle of the magnifying glass enabled Galile
to build the first telescope in 1610. within a couple of years
most theoretical speculations on which the Astronomy of his time was



Fig. 9 Tycho Brahe's Uraniborg.
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based, had to give way to observed facts. A similar situation
developed with the building of the 10U-inch and 200-inch telescopes.
Again the theories - by Einstein, Eddington and others - were far
advanced of factual knowledge, but this time they were confirmed by
the observations, at least in principle.

Galileo never had a fixed place which could be called an "observatory
because his marvellous telescope of such modest dimensions could be
directed towards the sky from any place whatsoever, from a window or
a garden, perhaps with the help of some crude tripod, but without the
need of a special locality or particular accessories. Several decad
had to pass, before the first genuine astronomical observatory was
founded and built on the roof of the University of Leyden in 1632.
All the larger stationary instruments were exposed to the weather
throughout the year.

In 1675 work was begun on the Royal Observatory at Greenwich, designe
by Sir Christopher Wren (Fig.!< ). The site he selected was well
suited for the purpose and it was only centuries later that the Obser
vatory had to be moved, due to the sprawling suburbs and the polluted
air from industries, resulting in bad sky conditions.

In most of the European countries, mainly in Italy observatories were
multiplying and continuously perfecting their instruments in order to

achieve greater precision in the determination of the positions of







































































































































Fig. 21 The recently completed dome housing the
120-inch reflector. The ‘'after-thought'
on the right encloses the spectrograph,
which basically is part of the telescope.








































































































































































































