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INTRODUCTION Astonomical researchers seek to learn more about 

objects in space surrounding the earth. What are the 

stars? How were they formed? How old are the stars 

visible to man? What will be the future of the sun and 

its orbiting planets? What causes sun spots, solar 

flares and the corona seen during eclipses? How do the 

sun's phenomena affect the earth? Are stars in other 

galaxies to be propelled outward at speeds approaching 

that of light? 

Searching for answers to complex questions like 

these, astronomers use techniques and knowledge from 

other fields of science as well as telescopes, photo

electric devices, electronic computers, balloons, rockets 

and precise measuring equipment. 
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THE SUN The sun is a star, bright only because it is so 

close. If it were as far away as Alpha Centauri , the 

next nearest star (which is a quarter of a million times 

more distant) the sun would be indistinguishable from 

other bright stars. Aside from the fact that the sun is 

the center of our solar system, it has no special fea

tures that distinguish it from a billion or more similar 

stars in our Milky Way - at least as seen from the vast 

distances we must view them. 

Of course, from the point of view of earthdwel1ers, 

the sun plays a particularly important role: it is the 

source of the light and heat that permit life to exist 

on earth. But, vital as the sun may be to man's exist

ence, that existence is of no importance in the cosmos 

as a whole. 

The nearness of the sun does enable man to study 

features that would otherwise be invisible and that one 

i 
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simply could not have conceived of. Man infers that 

other stars probably posses them too, because our sun 

can scarcely be unique. These special features include 

the sunspots, which appear as dark areas on the shining 

solar disk, then there is the upper solar atmosphere, 

the chromosphere, above which one sees flame-like clouds 

solar prominences - sometimes raining hot gases back 

upon the solar surface or exploding fiery geysers into 

space. Finally there is the outer most layer of all, 

the delicate solar corona, so faint that until 1930 

astronomers had been completely unable to detect it 

except during total solar eclipses, when the moon ob

scures the bright solar disk. Man further knows that 

the outer parts of this corna are escaping into space 

in variable amounts and speeds, producing the phenomenon 

of the solar wind. In a sense, then, the earth is still 

"inside the sun", since these tenuous streamers extend 



• SOLAR FLARES. 



well beyond the earth's orbit. The early theories of the 

nature of these outer layers would never have led astron

omers and scientists to suspect that the sun was emitting 

x-rays, radio waves, or showers of energetic atoms. 
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HISTORY - Definition The purpose of an observatory is, in broad terms, 

to reveal the physical laws which govern the structure 

of the material universe and the changes within it. 

Astronomy is a part of physics and of chemistry, and it 

concerns itself with those problems which cannot be 

studied in the laboratory. 

A great deal of the work in an observatory is con

ducted by means of photography; much of it with emulsions 

which are sensitive to ultra-violet or to infrared light. 

Occasionally the light from the stars is measured by 

means of various types of photoelectric cells and thermo

couples. Mery few observations are made directly with 

the eye of the astronomer. 

Specifically the work of an observatory is divided 

into two groups of investigation; those dealing with the 

problems of galactic structure and dynamics; and those 

dealing with the study of the physical characteristics 

of the universe. 
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Historical Background Near the beginning of the first millenium B.C., a 

new power appeared in the plains of Mesopotamia - the 

Assyrians. They continued to make astronomical obser

vations, but the objective began to change. Whereas 

in the beginning the calendar, the keeping of time, the 

forecasting of weather, and the planning of agricultur

al programs had been the primary aim, a new influence 

began to dominate man's thoughts. Perhaps it was in

evitable that man, firmly believing in the influence of 

the heavenly bodies on terrestrial meteorology, should 

carry his reasoning one step further and apply it to 

human affairs as well. The various "meteors" in the 

most general sense, came to be regarded as omens, which 

one versed in such matters could use to foretell the 

future. And thus astrology, stepdaughter of astronomy 

and meteorology, was born. 



Early Astrology The basic concepts of astrology were by no means 

new. Even primitive man believed in omens and in the 

influence of unseen things upon his destiny. It was 

natural for him to invoke the aid of nature's gods in 

various ways, whether by offerings, sacrifices, incan

tations, or exorcism. As early as 2500 B.C., for ex

ample, findings reveal an inscription on a stone cylinder 

that indicates a favorable time for building a temple. 

In Assyria from 800 to 700 B.C., such random and 

disorganized beliefs began to take on a new significance. 

The court astrologers became more powerful and exerted 

a great influence on the affairs of men. They con

stantly "consulted" the heavens, especially the moon 

and planets, as well as the other "meteors" mentioned 

earlier. Eclipses of the sun or moon and the unheralded 

appearance of a bright comet, its tail stretched across 
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the sky, were particularly frightening. Perhaps the 

advent of such a comet happened to coinside with the 

death of a king. For to this day it is a firmly-in

grained tenet of astrology that comets generally pres

age the death of rulers. 

None the less, astrology provided a new impetus 

for improved and more accurate astronomical observations. 

Instead of just recording where the heavenly bodies had 

been, men had a powerful motive to foretell their posi

tions in the future. The attitude was that if the 

planets were to exert an influence on the world, in

cluding mankind, one should at least be able to predict 

their positions. They redoubled their efforts to im

prove their observations and to develop sophisticated 

methods for forecasting the motions of the planets. 

Man's study turned him toward the earth as well 

as toward the stars. He noted the rocks and began to 

\h m 



Early Astronomy 

develop a curiosity about what is now called geology. 

As he became more mobile, he acquired, a conception of 

geography. And in an endeavor to understand his envir

onment and to systematize all of accumulated knowledge, 

man developed philosophy - of nature, of the universe, 

and of man himself. 

Over the centuries, astrology has always had a 

special appeal, for man has thought that if he could 

know the future, he could perhaps exercise some control 

over his destiny, take advantage of propitious moments, 

and avoid the pitfalls of less favorable times. Astro

logy is not, as has often been claimed, the father of 

astronomy. Astronomy existed long before man used the 

stars to try to predict the future. 

"Early astronomy and more precisely the science of 

cosmology, dealing with the nature of the universe and 
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its parts, goes back to the ancients. Challenged by the 

complexity of the universe around them, they tried to 

figure out what it consisted of and how it had been put 

together. Since their primitive concepts of the world 

were usually completely wrong, or at least incomplete, 

their cosmologies were quite unsuccessful. They never

theless persisted in recording the motions of the heaven

ly bodies and over the centuries accumulated a wealth 

of data concerning those motions. A good example of 

man's past means of observing the sun is the Stonehenge, 

in Southern England. It is believed to have been erected g 

as a solar temple. At the vernal equinox, the rays of 

the rising sun show directly on the Heel stone. The 

momument may have been even more commonly used as a type 

of computer of ancient eclipses. 

The Babylonians, Egyptians, early Greek philosophers, |; 

and philosophers such as Anaxagoras, Plato, Eudoxus, and 
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Aristotle all made valid contributions to astronomy, and 

to the study and mechanics of observing the stars and 

planets from the earth. 

Until three centuries ago, only the unaided eye was 

available to reveal the wonders of the heavens. With 

the invention of the elescope in the seventeenth century, 

man began to see multitudes of objects for the first 

time and to discover fine details on bodies that pre

viously appeared featureless or as mere points of light. 

Since then, increases in telescopic magnification 

and resolution have continued to take place. The spec

trograph has made it possible to disperse light and 

analyze its component colors. The development of the 

photographic process has enabled man to make lasting 

records of the heavens, including some of the faintest 

astronomical objects. Just within the past few decades. 
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• HERSCHEL'S 4 0 - F O O T TELESCOPE AT 
SLOUGH , ENGLAND . CONTROL OF THE 
M O U N T I N G WAS A GREAT P R O B L E M . THE 
MIRROR, FOUR FEET IN DIAMETER AND 
MADE OF METAL , DID NOT RETAIN ITS 
REFLECTIVITY, AND THE INSTRUMENT 
EVENTUALLY FELL INTO DISUSE . 

y: 

'i' 
ll 1 
1 

1 ^ • • 

Ii : 

1 ' ' ! ^' • 
14 : t-fi 

mi 
lii> 
1 i i 

I l i i 

( 

H V m' 
li'f' '111 
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new types of sensors have been designed that allow man 

a look at parts of the spectrum well beyond the visible 

range. These instruments are used in observatories, put 

aboard balloons and rockets and satellites, thus enabling 

them to operate from the earth's surface, well up in the 

earth's atmosphere, and beyond the point where light is 

absorbed in the earth's atmosphere for comparative studies. |: 

It has been, and it is today, the task of the astro

nomer to organize the data obtained into an intelligible 

and coherent picture of the universe around us. Obser

vatories all over the world are manned by thousands of 

men exploring and probing at the heavens daily. The 

observatories and their functions to mankind are be

coming more numerous and more complex.with eyery passing 

day. And it is the common belief that there are many 

secrets to be learned from the darkness and mystery of 



the heavens of the un i ve rse . " ^ 

Id 

I 

1 Abell, George, Exploration of the Universe; Holt, 
Rienhart and Winston, New York, 1964. pp. 82-84. 
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INTRODUCTION Astronomical telescopes are of three kinds, accord

ing to their uses, and a fourth type still rapidly being 

developed. Reflectors and, to a lesser extent, refrac-

tors are used to record and analyze astronomical pheno

mena at optical wave lengths. Radio telescopes, of a 

wide variety of design and aperture, do the same at ra

dio frequencies. Position-measuring devices obtain the 

basic data for a geometric and dynamic description of 

the universe. Space telescopes have, at yet, not reached 

their full potential, however, space cameras are as 

numerous and distinct as those used on earth. 

Transit circles are measuring devices designed for 

use in determining the spherical coordinates - right 

ascension and declination - of celestial bodies. The 

coordinates of stars thus derived may be differential, 

the measures being referred to neighboring stars whose 

positions are accepted as known, or fundamental, in 

^ 
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which case the positions of the equator and equinox are 

redetermined and the final results are independent of 

earlier work. Observations of the sun, the inner planets, 

and certain asteriods are utilized in the second case. 

All of man's knowledge of the positions and motions of 

the stars and planets, with the exception of radial 

velocities, depend directly or indirectly on the work of 

instruments of this type. 

Two astronomical instruments used extensively in an 

observatory program are the zenith tube and the dual -

rate moon-position camera. The first determines the 

position of the stars with respect to the direction of 

the vertival. The moon-position camera determines the 

position of the moon with respect to the stars. These 

instruments have certain features in common. They are 

both photographic; the exposure times are short, about 
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10-20 seconds; the epochs of observation are determined 

for precise instants which do not depend directly on 

the times of beginning and end of the exposures; and the 

instruments are designed accordance with geometric 

principles. 

Telescopes are basically of two kinds; visual 

telescopes and astronomical telescopes or better known 

as refracting telescopes and ref1ecti ng telescopes. 

The refractors or visual telescopes consist of two 

essential parts - the objective lens, which forms an 

image of the observed object just as the lens of the eye 

does, and an eye piece, which permits the eye to view 

this image. The visual telescope has two functions -

to increase the amount of light collected and concen

trated on the retina of the eye so that fainter stars 

may be seen, and to magnify the image falling on the 

retina so that more detail in the image may be seen. 
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The ref1ectors or astronomical telescopes frequently 

employ mirrors instead of lenses. These mirrors are 

parabolic rather than spherical in shape which relieves 

one of the problems of the objective lens, that of 

spherical aberration. 

The prime focus, located on the axis of the tele

scope, is rarely used for visual work but is occasonally 

used for photography, spectroscopy, and photometry. 

Small instruments used in conjunction with the large 

telescopes are: 

a camera containing photographic film or plate 

for photographing parts of the sky; 

a photoelectric photometer used to measure ac

curately the brightness of stars or, with colored glass 

filters, their colors (stars of different temperatures 

have different colors); 

a-__... 
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a spectrograph which, when placed at the Casse-

grain focus, can photograph stellar spectra used to mea

sure approximate abundances, chemical compositions, tem

peratures, rotational speeds, 1ine-of-sight motions, and 

other data relating to individual stars; 

a micrometer used to measure separations and 

orientations of double stars (such measures lead to 

determinations of the orbits and masses, or weights, 

of the component stars). 
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• SOLAR TELESCOPE - K I T T PEAK , A R I Z O N A 



t^ 

i I 

M' 

Y^.y7\J 

• HELIOSTAT ATOP SOLAR TELESCOPE , KITT PEAK 



%t 

< 

Ul 

0. 
O 
u 

< 

O 

z 
O 

u 
UJ 

...^ifU 



2^ 



^0 

• 3 6 - I N C H REFLECTOR, KITT PEAK 

• 1 6 - I N C H REFLECTOR, KITT PEAK 
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THE NATIONAL SCIENCE FOUNDATION 

11 

^5 

During recent years, the growing importance of 

scientific research to the national welfare has given 

rise to new activities and agencies within the federal 

government. Established by Congress in 1950, the Nation

al Science Foundation is responsible for the support and 

encouragement of basic research intended to increase 

scientific knowledge. Most such research is conducted 

in the nation's universities and in a few large research 

centers. 

Essentially an intellectual activity, basic research 

is not necessarily directed toward solutions of, nor 

immediate application to, practical problems. Rather, 

it seeks to acquire new knowledge that in a yery real 

sense is fundamental to the continuing progress and 

development of the United States. To insure that basic 

research is nourished and sustained by funds and facilities |; 



essential to its healthy growth is a major concern of 

the foundation. 

The President of the United States appoints a direc

tor and twenty-four members to the National Science 

Foundation Board which guides the Foundation. Its four 

principal operating divisions are concerned with biologi

cal and medical sciences; mathematical, physical, and 

engineering sciences: social sciences, and scientific 

personnel and education. 

The Foundation encourages and develops national 

policy for the promotion of basic research and education 

in the sciences, initiates and supports basic scientific 

research in fields represented by its four principal 

operating divisions and in other sciences, and evaluates 

the impact of research upon the industrial development 

and the general welfare of the United States. 

9^ 
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The Foundation further supports research and train

ing in science through grants and fellowships. It also 

gathers and analyzes data relating to the status of 

scientific research and development and scientific man 

power in the United States. And it fosters the exchange 

of scientific information betweenscientists in the United 

States and those of certain foreign countries. 

Astronomy is a notable example of a science requiring 

fundamental research that demands large-scale and costly 

equipment seldon obtainable through private enterprise. 

The Foundation uses federal funds in supporting its 

astronomical research program at two major facilities: 

the National Radio Astronomy Observatory at Green Bank, 

West Virginia, and the Kitt Peak National Observatory 

near Tucson, Arizona. Research centers are also main

tained by the Foundation at each of those sites, and at 
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the National Center for Atmospheric Research at Boulder, 

Colorado. The latter provides equipment and leadership 

in studies of the earth's atmosphere, another vital and 

expanding field of science. 

The opportunities and accomplishments of research 

scientists are enhanced by the Foundation's support of 

research centers. As a result, the future holds greater 

promise for those scientific fields. 
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THE ASSOCIATION OF UNIVERSITIES FOR 
RESEARCH IN ASTRONOMY 

The Observatory and Solar Research Center will be 

financed through the Association of Universities for 

Research in Astronomy (AURA), with support from the Na

tional Science Foundation. 

A non-profit corporation, AURA includes as chapter 

members the University of California, the Universities 

of Chicago and Texas (joint membership). Harvard Universi

ty, Indiana University, the University of Michigan, Ohio 

State University, the University of Wisconsin, Princeton 

University and Yale University. 

Each member institution maintains an astronomical 

observatory and a graduate astronomy department that has 

produced many astronomers with Ph.D. degrees. Each is 

represented on the AURA Board of Directors by an astron

omer and a business administrator. Three directors-at-

large from non-member institutions also serve on the 
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Board, which makes major policy decisions for the ob

servatory. 

The observatory will be open to all people inter

ested in astronomy and celestial observations and re

search. In particular, the observatory will accommodate 

students and professors from colleges and universities, 

not only in the immediate and regional area, but from 

all over the United States. 

K a 
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INTRODUCTION Within the frame work of an observatory program, 

there are three basic divisions or classifications of 

personnel. The first and most obvious is the research 

division made up of those people who actually carry out 

the duties of research and associated activities. The 

second is that division of instrument design and con

struction. And the third classification of work is the 

division of operations and maintenance. In charge of 

these three major work divisions is an observatory di

rector and his assistant. 

Listed below is a general classification and or

ganizational list of the three major work divisions 

found at observatories: 

Director and Assistant Director 

A. Research Division 
Research Director 
Research Assistants 
Research Fellows 

^ 
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Student Observers 
Librarian 
Photographers 

B. Division of Instrument Design and Construction 
Superintendent 
Opticians 
Machinists 
Instrument Maker 
Project Engineer 

Division of Operations and Maintenance 
Superintendent on Mountain 
Stenographer 
Secretaries 
Superintendent of Construction 
Administrative Assistants 
Night Assistants 
Maintenance personnel (carpenters, gardeners 
janitors, drivers, vehicle maintenance per
sonnel ) . 

Although the primary function of the observatory is 

to study the celestial bodies and the heavens, all of 

the above mentioned people are absolutely essential to 

the success of an astronomical program. 

And although much of the scientific work is highly 

specialized, many of the phenomena of the universe have 
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a great public interest, and the administration of most 

major observatories schedule certain times for the public 

to visit. Those times are scheduled so as not to inter

fere with the normal functions of the observatory. 

In the case of student visitation to, and partici

pation in the normal functions of an observatory, the 

program of the observatory is set up in such a way as to 

accommodate the student astrologers as part of the inner 

workings of the program without having to accommodate 

them on a special basis, as with visitors. 
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Astronomical Seeing The effects of the terrestrial atmosphere on an 

incoming beam of starlight are two-fold: (1) time 

fluctuations in the intensity of the wave front arriving 

at a given point at the receiver aperture and (2) time 

fluctuations in the direction of the wave front. The 

former effect is usually termed scintillation and the 

latter seeing although "seeing" is sometimes used to cov

er both phenomena. 

The cause of astronomical seeing is the presence 

of irregularities in the index of refraction in the 

atmosphere, chiefly from thermal inhomogeneities. Addi

tional sources are the variation in the content of water 

vapor and other minor constituants, such as ozone in the 

region above the stratosphere. 

Thermal inhomogeneities can arize in many ways, 

depending on the region of the atmosphere under considera

tion. At ground level, seeing effects can be produced 
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by radiation cooling or by heating of the terrestrial 

surface and structures. Turbulence effects due to wind 

shear and eddies around obstructions also produce adia-

batic thermal fluctuations, but numerically these effects 

are minute. 

In the intermediate layers of the atmosphere, the 

principal thermal effects arise from the passage of large 

scale meteorological systems. Since thermal differences 

as large as 15°C may be present, the arrival of a front

al system aloft can disrupt the homogeneity of the at

mosphere even though the lower atmosphere is still un

disturbed. The ordinary frontal systems are important 

in higher latitudes, while in lower latitudes the jet 

stream is a major source of thermal imbalance. 

At extreme elevations, there exists large thermal 

differences within narrow ranges of height due to changes 

'•a 
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OBSERVATORY SITE SELECTION: 

Introduction 

in chemical and ionic composition. Furthermore, high 

velocity turbulence is present in these zones. 

The net effect of astronomical observations of 

variations in the index of refraction in the atmosphere 

depends on the height above the observer at which the 

disturbance is located. Inhomogeneities close to the 

observer will produce only deviations in the di recti on 

of arrival of elements of the wave front. Disturbances 

in the wave front caused far from the observer also 

lead to variations of intensity along the wave front 

at the telescope. As a consequence, the image of a 

star in a small telescope may both move about in the 

field of view, or may vary in apparent brightness, or 

both depending upon the particular disturbances and 

deviations taking place. 

The first consideration in the location of an 

observatory is obviously the expected average annual 
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Microthermal "Seeing" 

number of clear nights. However, the quality of the 

images is very important. 

Systematic changes in seeing with latitude and 

longitude appear to be smaller than the variations 

between the best and the poorest seeing at any one 

site. Records for many years are therefore needed to 

yield a significant average. The jet stream shows 

an annual variation in latitude from 15° to 60°, 

while polar frontal systems range from 20° to 80°. 

The two principal sources of thermal inhomogeneity in 

the free atmosphere thus cover almost the entire 

globe, though the frequency of disturbances varies 

regionally. 

The key to a good site, other than climatic fac

tors, is local seeing. Thermal differences are the 



principal causes of poor seeing, and these can be 

measured more easily than seeing itself. Simple 

towers equipped with high-speed thermal detectors 

have proved successful for such measurements. 

In a clear and dry atmosphere the ground temper

ature at night drops rapidly. In level areas at high 

elevations, the nightly drop may be 10°-15°. The 

strong inversion is the characteristic calm condition 

in the low areas such as those of the plateau forest 

in Northern Arizona during most of the year. 

On windy nights the inversion layer is not present 

This does not mean that the ground does not chill on 

such nights, since the radiation losses do not depend 

on wind. The absence of the inversion must be due to 

mixing of the chilled air with surrounding air; this 

will lead to microthermal fluctuations and poor seeing. 



This may be noticable even on a peak, though much less 

so at lower levels. Previous tests show that, among 

sites having the same absolute elevation, those with the 

smaller differential heights of elevations around them 

will have the larger microthermal fluctuations and the 

poorer seeing. 

The existence of large observatories along the 

Pacific Coast has made it important to access sites 

that are climatologically out of phase. The coastal 

region of Southern California has no doubt one of the 

best astronomical climates anywhere; but the phenomenal 

population growth and consequent pollution of the air 

and sky glow from the great cities present problems of 

increasing severity. Current surveys point to the coastal 

mountains of Baja, California as most suitable for astron

omical observation. It is indeed unfortunate that this 

region is so inaccessible. 

5?3 
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Dendroclimatic studies indicate that there has 

been no detectable secular climatic change in the South

western United States during the last 4,000 years. The 

pattern of drought and heavy rainfall, moreover, shows 

no periodic tendencies, and the frequency spectrum of 

duration of drought or heavy rainfall shows no terms long

er than one century. The evaluation of these long-range 

performances of climatic conditions in this region lends 

this region to prime consideration for possible astronomical 

observation sites. 
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ATMOSPHERIC EFFECTS 

Atmospheric Circulation 

The large-scale circulation of the atmosphere has 

an important bearing on site conditions. The movement 

of high and low pressure systems is accomplished by wind 

patterns, not to mention precipitation. The wind velocity 

is an important factor at an observatory. In the first 

place, strong wind is a handicap in operating a telescope, 

and frequent strong winds are a powerful psychological 

deterrent. Second, strong wind produces local pollution 

from either agricultural areas or the barren desert. 

In the Southwestern United States strong winds are 

produced by the passage of low-pressure systems over the 

Pacific Coast barrier ranges. The usual path of a winter 

storm has the low-pressure system moving over Northern 

Nevada. This causes strong winds in the Colorado River 

Basin with a maximum near Las Vegas, Nevada. The best 

possible observation site locations in the Southwestern 

United States which would be least affected by these 



.51 

Thermal Profiles 

storms would be in the southern parts of Arizona, 

New Mexico, and even in western parts of Texas. 

The diurnal temperature range has importance in 

the selection of an observatory site. First of all, 

temperature changes during the night should be small, 

in order to preserve the mirror figure. Second, the 

diurnal range should be small, to prevent overheating 

the dome in the daytime. 

Measurements at several heights are necessary. 

During the daytime, the temperature at ground level 

may 10°-30°. The free-air temperature, say at 30-60 

feet above the terrain, normally does not show such a 

striking temperature rise. Mountain summits have been 

found to show very low diurnal temperature ranges and 

stable night temperatures. An elevation difference of 

a thousand feet or more is often enough to insure good 
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Vapor Trails and Cirrus 

thermal stability. Small rises on plateaus generally 

show large temperature drops during the night. 

Condensation trails from aircraft constitute a real 

nuisance in the Southwest United States. Actually "con

trail" formation does not show as marked a geographic 

variation as casual observation might inidcate. The 

apparent frequency of contrails in the southwest is due 

in part to the high frequency of otherwise clear skies. 

The problem of condensation trails is likely to 

increase in the future. One may reduce it by selecting 

a site on the southwest border of the United States. The 

existing observatory sites in Northern Arizona lie along 

the heavily traveled transcontinental air routes, with 

their increasing numbers of jet flights. The southern 

portions of the southwest are relatively clear of such 

interference. However, freedom from local contrail 
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formation does not mean freedom from the cirrostratus 

resulting from contrails elsewhere. Cirrus clouds are 

rather stable; contrails formed over the heavily traveled 

skies over Southern California and the approaches, for 

example, can affect Arizona sites, even the southern ones. 

The mean position of the winter jet stream is across 

the tip of lower California. Secondary flows occur in 

winter across the United States, but the principal jet 

stream is almost entirely in Mexico. During the summer, 

the mean position of the jet stream is along the Canadian 

border. As a consequence, during the fall and spring the 

jet stream crosses the United States frequently. 

The jet stream has cirrus associated with it. The 

belt of "fair-weather cirrus is about 50-500 miles wide and 

principally on the southern side of the jet stream. Clear 

weather generally lies on the northern side of the jet 



Sky Darkness & City Effects 

stream. 

The distribution of pollutants depends chiefly on 

the low-level air trajectories. Since the prevailing 

winds in the Southwestern United States are from the 

south and southwest, the area is relatively free of 

industrial smoke or smog coming from Mexico. Dust may 

form in agricultural areas near sites in the southwest, 

but it is usually carried away along low-level trajectories 

and not affect the higher elevations. 

In the absence of artificial lights, the brightness 

of the night sky depends on the albedo of the earth and 

the luminance arising from the airglow and scattered 

starlight. The effect of ground albedo, albedo simply 

being a numerical factor relating to light and light 

reflections, can be large. The high albedo of snow, for 

example, reduces the exposure time required for airglow 

spectra and, by the same token, is a disadvantage for 
IM i 



observations of ^ery faint stars where photographic and 

photoelectric equipment must be used. This factor favors 

southern sites where there is less annual snowfall. 

The chief effect of a city on the site selection is 

the sky glow, though in some cases also the production 

of smog. On the one hand, an observatory site must be 

located far from cities whose lights brighten the sky 

and prevent astronomical photographs from recording the 

very faintest stars, but on the other, the site should be 

located so as to take advantage of water supply, road 

access, developable areas, and its provimity to medical 

and other service facilities which are most commonly 

found in cities. 

(fi\ 
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On-Site Criteria Due to the very nature of an observatory, its 

functions, activities, and assortment of highly technical 

and sensitive instruments and machinery, it is necessary 

for certain activities and functions to take priority 

over others if the job of astronomical observation is 

to be conducted efficiently. 

The first and foremost consideration in designing 

an observatory is that the main dome should surmount 

everything. All offices, shops, and living quarters 

should be located below the main dome facility, below the 

summit if possible, if the site permits it, and even below 

ground, site permitting. It is best that the dome facilit

ies be separate structures or detached somewhat from the 

rest of the complex because these need be designed to 

quickly assume the outside air temperature at all times. 

There it is possible and again the site permitting, 

a large observatory is placed with its main axis east 
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and west, with the meridian and transit instruments having 

their openings to the north and south. If large domes are 

designed, they should be located at opposite ends of the 

complex or in such a way as to not be mutually obstructing. 

It has been the practive in designing previous observatories 

that the following facilities be grouped as separate facil

ities: 

observing domes 

offices and library 

carpenter and machine shops 

garages and power plant. 

Tn such a place where fire is such a constant and 

fearsome enemy, one should hot place "all the marbles into 

one bag". This constant fear of fire makes a fire hydrant 

system imperative at any observatory site. 
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INTRODUCTION Because of the many functions and activities which 

take place at an observatory, it becomes quite evident 

that many people with a wide range of abilities and skills 

will be needed to perform the various tasks. 

Often the same astronomers and assistants are not 

involved in all phases of a research project. For example, 

a night assistant may help to obtain observations by opera

ting the telescope; a technician may measure the resultant 

photographs; a computer programmer may help in calculations; 

a librarian who organizes the library may assist in related 

literature searches; a secretary may type a report on the 

project, and a photographer may reproduce illustrations for 

use in journals. 

It is also quite obvious that many spaces need to be 

provided for these and many other activities to take place. 

Astronomical observing becomes almost a business when all 
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of the activities and the "pieces" so to speak are all 

put together. 

On-site facilities and required spaces are quite 

numerous and can be more readily understood if broken 

down into six main categories. They are: 

Administrative Facilities 

Laboratories 

Shops and Related Facilities 

Housing Facilities 

Dome Facilities and Solor Telescope Space 
Requirements 

Power Plant and Water Supply Facilities. 

Because of the many activities which take place at an 

observatory, no one group of facilities can be segregated 

from any of the others. Instead they must all work to

gether and complement one another if the program is to be 

successful. 

f̂ l 
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Administrative Facilities A visitors reception area needs to exist within 

this facility with perhaps a small astronomical museum 

with adjoining refreshment areas and public restroom 

facilities. Offices for the administrative personnel 

and their secretaries and assistants, and offices for 

the staff of observers and their assistants should also 

be located within this facility. Supporting facilities 

for these personnel would be lounges, conference rooms, 

lecture rooms, a library which should be designed to 

accommodate 50-100 years of growth, a kitchen and dining 

hall to serve administrative personnel, astronomical 

observers and maintenance crews, restrooms for staff and 

administrative workers, and storage space. Also within 

the frame of the administrative facility there should 

exist a darkroom, computer rooms, a clockroom, radio com

munication areas, areas for measuring machines, photo

graphic supply storage areas, fire protection service, 

and of course, mechanical space. 
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Laboratories 

Shops and Related Facilities 

Housing Facilities 

The allocation of space toward laboratories is 

essential in the development of the overall planning 

scheme. Physical laboratories, a spectroscopic lab, 

photographic lab with darkroom, photometric lab with 

darkroom, and photographic supply storage areas and rest-

rooms are all essential parts of the whole scheme. 

Shops and other service facilities need to be in

corporated into the design of any observatory. General 

maintenance shops, a carpenters shop, a garage for ob

servatory vehicles and machinery, and a grounds equip

ment storage facility are all necessary. An optical 

shop where the actual lenses, mirrors, and optical 

systems are designed and constructed is essential, along 

with an instrument shop where the complicated and delicate 

machinery for many of the instruments is made and repaired. 

In addition, housing facilities should be incorporated 

into the observatory for these personnel such as cooks. 
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DOME FACILITIES 

secretaries, supervisors, guides, night assistants, 

technicians, and maintenance crew who need to be within 

immediate access to the observatory facilities. The housing 

facilities should include living areas, recreational areas, 

sleeping quarters, bathing facilities, utility areas, 

storage areas, restrooms and mechanical space. 

The dome facilities consist of the large dome which 

houses the large reflector type telescope, and smaller 

domes which house the smaller telescopes and meridian 

equipment. Within the dome facilities there should exist 

space for rotating machinery, staff restrooms, storage area^ 

sleeping rooms, darkroom, possibly kitchenettes with lounge 

areas, supply closets, instrument storage areas, instrument 

control room, observation room, freight elevators or hoists, 

display hallway for visitors, and visitor reception area 

with adjoining observation deck. 

rr 



Power Plant and Water Supply Located in a separate structure should be the main 

power plant by which the observatory is run (if the site 

is a remote site), and a water storage and collection 

facility. Since so many of the observatory instruments 

and machinery require direct current rather than alterna

ting electric current, a D.C. converter needs to exist with

in the main power plant. Also an emergency power generator 

should be considered in the design scheme. The water stor

age and collection facility should meet both the demands of 

human consumption and that of a ready fire fighting re-

sevoir. 

Ii 
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INTRODUCTION 

Public Utilities 

"Power should be supplied by connecting to public 

utilities, if these are somewhere near the site. In 

this case a transmission line should be constructed to 

connect the site to the already existing public utility 

lines. The size of this line should be made large enough 

to supply the maximum reasonable expectation of expan

sion of the observatory. This should be in the neighbor

hood of lOOOKW capacity, in respect to the fact that the 

McDonald Observatory presently uses something on the 

order of 500KW. 

If public utilities are not available within a rea

sonable distance, then one must build his own power plant. 

In that case, it is usually best to install two power 

units instead of one large one, or one large one and one 

small one can be used, the larger for the heavy power 

requirements and the smaller one for the lower power 



Power Distribution 

loads, and as a standby. Heavy duty slow speed diesel 

units are probably best for this purpose, somewhere on 

the order of may be 700 rpm, or go to a moderate speed, 

say somewhere about 900 rpm. 

The distribution of the power, utilities, and com

munication lines should be under ground after they reach 

the mountain top. The primary reason for putting the 

power distribution lines underground is to provide the 

maximum protection of these lines from lightning and 

storms which frequently occur at higher elevations. 

The size and extent of the installation determine 

the characteristics of the distribution system. If the 

distribution lines on the mountain top are not too long, 

one might distribute at 480V, with a load center near 

the various buildings to drop the voltage down to 115 

and 230 V. The general philosophy is that , since the 

maintenance personnel on the mountain are not necessarily 

t 
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Building Layouts 

experienced electricians, the voltage in the building 

should be kept below 230V. For large horsepower rates, 

480V is used. 

The whole mountain system should be grounded to a 

common grounding system, the heavy ground wire being 

carried alongside the buried distribution system over the 

whole mountain top. The instrument power should be sup

plied by a separate system directly from the generator. 

It is also necessary to keep the grounding system for the 

instrumentation separate from the general power grounding. 

A subject not related particularly to utilities, 

but which in some ways does affect the layout of the build

ings, is the traffic patterns. If the domes are in a 

central grouping system, and if the site is not parti

cularly level, and if the personnel on the mountain are 

not to be mountain goats, then it is well to consider 

I 
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Water 

the location of the shops, and the dorms, particularly 

for the average traffic patterns. Admittedly, this is 

open to opinion from both the astronomers and the engi

neers, but it would appear that the dormitory facilities 

should be within reasonable walking distance from the 

domes, the offices and administrative facilities, and 

the dining hall facilities. The instrument shop should 

also be convenient to the domes and telescope facilities. 

The noisy units, such as the garage and power plant, 

should be more remote from the buildings noted above. The 

layout of the general facilities has an economic bearing 

on the utility distribution system. 

So far as water is concerned, one may encounter any 

number of conditions and any number of solutions. In the 

case of Kitt Peak, there were no readily developable 

springs within reasonable distance from the top of the 
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mountain. Wells could possibly have been drilled at 

the foot of the mountain, but these would have required 

a pipe line and an extensive pumping system. Instead, 

there are two acre rainfall collection areas located 

on the mountain top. In the case of McDonald Observa

tory in Texas, where rainfall and percipitation is not 

as intense as at Kitt Peak, wells were drilled and the 

water stored in tanks. 

In researching the personnel and water consumption 

at Palomar, Kitt Peak, Mt. Hamilton, the water require

ment for estimating purposes was 75 gallons per person 

per day. One of the factors to be considered in the 

calculation of water consumption is the visitor load. 

It was estimated that each visitor uses about four 

gallons, and this value should be added onto the annual 

estimated consumption. For water storage, it is better to 

use two tanks, both for safety and for ease of mainten

ance. The amount of storage provided will be dependent 



Water Systems 

on the type of supply, whether it be continuous as from 

a well or spring, or intermittent, as at Kitt Peak. 

There are two requirements for the water system. 

One is the normal usage, and the other is fire protection 

The fire protection requirements are entirely governed by 

the general location. This refers to the fire hazard 

outside conditions surrounding the observatory. The 

pressure available for fire protection may be obtained 

in two ways: either by means of an elevated tank, as 

at Palomar, or a pressure tank as on Kitt Peak. The 

latter is more economical, but it might be well to 

separate the air from the water by means of a thin flex

ible diaphragm to decrease air absorption. The transfer 

from the main supply tanks should be about 50 gallons 

per minute. This is for normal make-up usage. The 

distribution line should be at least a six (6) inch 

line with fire hydrants attached to it at appropriate 



en-

Sewage 

locations. Fire hoses should be located near the hy

drants, even though a fire truck could and should be 

kept on the site. One or two people working immediately 

with a two inch hose from storage areas near the hydrants 

are more effective than six men who may take ten minutes 

to get to the fire with the fire truck. 

In addition, to the water distribution line and the 

power distribution line, one should have several conduits 

for voice communications and one or more for instru

mentations communications between domes, offices, and 

so forth. Ideally, it might be well to consider a large 

covered service gutter. 

The final item regarding utilities is the sewage or 

sanitary system. Depending on location, one can use 

either individual septic tanks and drain fields or a central 

system. The determining factors are the geographical 

nature of the site and the distribution of the buildings. 

\. -:\ 
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the type of drain field is dependent on the percolation 

capacity of the soil. If it is low, as on Kitt Peak, 
2 

a sand-pack type of field will have to be used. 

2 Ed. D.J. Crawford, The Construction of Large Tele
scopes. Symposium #27. London & New York: Academic 
Press, 1966, p. 193-196. 
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light Time Observing 

There is a great deal of the subject about large 

telescope engineering operations which the architect and 

the engineer should at least know something about. It is 

first important to note that the cost of operating the 

large telescopes run on the order of $1,000 per night. 

This accounts not only the daily operation costs, but 

allows for depreciation. In addition, most large ob

servatories have about 1/10 of the investment per year 

in maintenance and operation of equipment, which is 

usually not a small amount. 

The telescope has to be continually available for 

maximum nighttime observing, whenever it occurs, and for 

some stations this might be on very short notice; in 

some areas, it may be very difficult to forecast weather 

or temperature conditions very far in advance. So 

usually the facilities are planned so that you can operate 
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under light- or dark-of-the-moon conditions, good or 

bad seeing, with one piece of equipment ready and the 

other piece on call, in order to change the program to 

utilize the seeing the best advantage. At McDonald 

Observatory the large telescopes are reserved by astrono

mers as much as 2-1/2 years in advance for every single 

day and night. An astronomer either calls or writes the 

observatory requesting a date on which he would like to 

use the telescopes and the facilities. If the date has 

not been previously reserved then he can reserve that 

date or dates for his project and research program. Some 

astronomers are present at the observatory for only one 

day, some as long as a month or even longer. However, 

two weeks is about the average time spent at an observa

tory by any one astronomer. At the time the reservation 

is made, the astronomers sends a list of all of the equip

ment that he will need for his observations and even a 
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list of all the chemicals that he will need for photo

graphy work. Some astronomers bring their own equipment, 

yet, most use the equipment available at the observatory 

due to the fact that most astronomical seeing equipment 

and instruments are extremely expensive, the risk of 

damaging these delicate instruments in travel and ship

ment is a risk which most astronomers don't wish to take. 

When the astronomer arrives at the observatory his dorm 

room has already been prepared and his meal ticket ready. 

The night assistants mix any chemicals that the astrono

mer will need in his work, and all of the equipment and 

instruments that he will need in his research will have 

been set up and pretested to make sure everything is in 

working condition. When the astronomers arrives and begins 

his work, an assistant will be assigned to him to help him 

record any data and assist him in any of his duties. 

.ftl 
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Tools and Instruments 

The astronomer has a great deal to do. It is not only 

difficult to design and construct the instruments which 

the astronomer uses, but an astronomer has to continually 

remind himself that he is not an operator, he is not a 

maintenance engineer, and he is not a tinkerer, but he 

is really after basic information. This means that he 

must be provided with all the automatic and built-in 

features that can be included, so that he is not a slave to 

the machine or the process of research and investigations. 

First of all, for operating convenience, most astron

omers have become familiar with chairs, stools, rising 

platforms, and other methods of standing up to, and opera

ting from the outside of the telescope, even leaning over 

from a dome balcony. At one time or another, astronomers 

have gone through all the body motions to reach the optical 

eye-piece of the telescope; of course, astronomers have 
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a lot of different body shapes, and it's really not, 

quite fair to reduce them to the standard man. So the 

requirements for the telescope and the adjacent room 

design are not to be found necessarily from the average 

man, but they do have to provide for at least limitations 

of the spine, arm length, and the convenient eye distance 

In addition to this, of course, the observer has a 

few things of his own to carry around. He has to carry 

plates, and his supplies or the tools of the trade, and 

these must be provided for. In operating the telescope 

from the floor, he can walk over to a shelf; if he is 

riding on the telescope, he has limited capabilities. 

It depends on the situation of course, but it is of the 

general opinion that if it is possible, observations 

made from the floor and not from a riding position are 

much easier and is more convenient for the astronomer. 

e^ 
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There should also be ample design consideration for all 

of the tools used for maintenance and for interchanging 

the parts of the telescope. An overhead crane is ab

solutely essential both in the construction of the dome 

and for the interchanging and repairing of large parts 

for the telescope. 

Another consideration is that of night time use of 

large telescopes. Because of low temperatures involved 

in most observatories, one would like to avoid contact 

with cold surfaces. The corners of equipment, cabinets, 

room dividers, etc., should be rounded, and some consider

ation of how these surfaces are covered should be noted. 

Perhaps rubber or some type of plastic surfaces would 

help deter the problem. Due to the fact that most 

observations are taken at night in a dark observing room, 

the design of and placement of things on the observing 

floor is very critical. 

41 
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Requirements for the design of the structure: (1) 

First of all, the dome size must be ample to clear the 

telescope. This sounds like a very simple requirement, 

yet most telescopes end up with rather serious con

strictions at the top of the cage. There must be elbow 

room, so to speak, to have operations for such things 

as assembling the telescope itself, for removing cages, 

for allowing access platforms to get to the prime focus, 

and to provide the auxiliary access to the prime focus 

station. This means that the optimization of the dome 

size must consider these other operating and auxiliary 

features rather than just bare clearance for the end of 

the tube. 

(2) The second point that the designer has to worry 

about in the dome is the design of the mechanisms for 

the rotation of the dome and for the operation of the 
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wind screen and the shutters. There are also aero

dynamics involved in this. You may have canvas, or scoops, 

or perforated screens. These drives, however, must be 

smooth, they must be accurate, they must be repeatable, 

they must provide for the operation at any part of the 

night, particularly if there is fully or semi-automatic 

operation required in the large telescopes. 

(3) One of the other items that must be considered is 

the sealing of the dome. One sort of takes this for 

granted in other structures with conventional roofs, 

but a rotating dome with shutters, whether they are bi-

parting, or up-and-over, or clam-shell type, must provide 

adequate sealing for all weather conditions. It is es

sential to have seals to prevent the blowing in of rain, 

ice or snow. One of the largest investments is in the 

mirrors themselves, so dust and dirt, which are serious 

problems at most observatories, should be thought of at 
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length. Positive air pressure systems in some rooms are 

a good solution for the dust and dirt problem. 

(4) Another item is the increased foundation loads that 

are required, particularly on the higher structures, and 

the wery stringent requirements for the prevention of 

vibration and coupling modes. Many observatories have 

solved the problem by separating the coude' room from 

the telescope pier and separately the telescope pier 

from the main dome pier. Since both the pier and the 

dome structure have periods on the order of 2 to 4 seconds 

they are in the range where they are easily coupled with 

the motion of a man, with the exitation from wind loads, 

and particularly with other man-made vibrations from auxi

liary equipment, hoists, elevators, etc. This means that 

they either have to be isolated or designed to have very 

low coupling or to have a very high damping for these 

disturbances. 
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The fifth point concerns the large increase of exposed 

areas. The total area over which the winds are operating 

either inside or outside the dome is large. A great many 

of the problems lead to equestions about the effect of 

the mirrors at the prime focus cage or in the mirror cell 

itself. The mass of the observing floor, for example, 

will determine how much radiation you may have from the 

observing floor after opening the dome. 

Some of the internal dome components the architect 

and the engineer must supply in an adequate way are the 

auxiliary equipment. In spite of the fact that the horse

power on some of these items, such as air compressors and 

ventilation fans, ranges from 10 to 50 horsepower, the 

transmission to the ground is generally less than a 10,000th 

of an inch at the period of vibration. This is, and must 

be, accomplished by carefully isolating such equipment 

with springs and damping devices. So the choice of the 
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site, the choice of the isolation of the tower bases and 

the vibration isolation from vibration sources is in 

keeping with the problem mentioned before: that wherever 

these disturbances occur, whether they are electrical or 

whether they are radio sources, or whether they are optical, 

or whether mechanical, they should be isolated or separated 

at the source. It is better not to have to cure the ill 

later on, but design these things so that the transmission 

to the rest of the system is minimized; the couplings with 

the rest of the system should be as small as can be made 

so as to lessen the chance for vibration within the struc

ture which would cause vibration and distorted "seeing" 

in the optical and photographic instruments. 

Unlike most buildings, architects and engineers find 

that there are many things different about the dome. Be

cause the internal temperature is at average night tempera-
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ture, there are such simple things as worry about 

freezing water. In the case with larger telescopes, 

the upper stories are below freezing temperatures a 

good part of the year. If there are any rooms or la

boratories in the dome, they are generally heated 

and insulated against the radiation inside the dome 

rather than radiation outside. In the case of several 

telescopes, including the 200-inch, the heat loss from 

such items as the room heaters, machinery, and constant 

temperature water heaters (for example, for photo

graphic work) may be pumped clear away from the building, 

on the lee side, several hundred feet away from the 

building, so as to avoid the deterioration of the seeing 

due to heat loads dumped near the optical path. These 

heat sources, if they are left in the dome, while in 

themselves might be very small, start accumulating as 
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'hot spots' all over the place and account for a great 

deal of the heat and internal seeing turbulence. 

It is necessary to incorporate into the dome design 

some device for the removal of external snow or ice on 

the dome depending upon the geographical location of the 

dome of course. Snow is a nuisance when it falls inside. 

In addition to this, one needs to consider the problem 

that if you have melting snow or ice, you have a drain 

problem just like you have in a window in a house: the 

melted water runs down the shutter. In other words, the 

elaborate seal which provides the shutter closing seal 

has a trough in it so whatever water gets in runs down 

and out." ^ 

^ e 

3 Miczaika, G.R., Tools of the Astronomer, Harvard 
University Press, Cambridge, Mass., 1961 . p. 202-205 
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INTRODUCTION The site for the Observatory and Solar Research 

Center is located in the southwest quarter 

of New Mexico. It is more precisely located 

12 miles west of interstate highway 25, be

tween Socorro and Truth or Consequences, 

on Vicks Peak in the Cibola National Park. 

\(pi\ 

CLIMATE FACTORS Due to the extreme number of sunny days 

in the location of the site, and because 

of the total solar radiation present in the 

region, Vicks Peak becomes an excellent 

site for an observatory and solar telescope. 

And because the solar angle at Vicks Peak 

is only 32°, the construction of the optical 

systems for solar observation becomes routine 

and poses no problems that would normally 

be encountered. 



TOPOGRAPHY The topography in the general local of the si , 

site is extremely steep. The elevation of 

Vicks Peak is 10,252 feet. The terrain drops 

off from this elevation to the west. South, 

and East quite fast. In fact the terrain 

drops off from 1000 - 1800 feet to a valley 

floor. There is a saddle to the North of 

Vicks Peak which connects it with San Mateo 

Peak which has an elevation of 10,204. 

The top of Vicks Peak, however, is relatively 

flat compared to the surrounding terrain. 

From the highest point on the site, the terrain 

only drops about 4o feet for any 500 feet 

in any one direction. This leaves appkoximately 

1000 feet square of good land with which to 

work with. The terrain drops off extremely 

fast beyond this 1000 feet square area, making 

it more difficult with which to work with. 



UTILITIES Truth or Consequences, New Mexico, approxi

mately 35 miles to the South of the site is 

the most likely place to tap existing utilities 

for the observatory. The utilities in Socorro, 

about 50 miles to the north, could be used 

also. However, design considerations lead to 

a Self supporting power system and utilities 

for the observatory and it was not necessary 

to tap existing utilities at either Socorro 

or Truth or Consequences, with the exception 

of telephone communications lines. 

ACCESSIBILITY The site is accessible from a point on High

way 25,approximately 20 miles north of Truth 

or Consequences and about 35 south of Socorro. 

From that point, west, a logging road leads 

to the base of Vicks Peak. Design considerations 

extend this road to the top of the peak. The 



entire road from interstate 25 west to the 

top of Vicks Peak will be approximately 16imiles 

in length, 24 feet in width with inclines 

not to exceed those standards for maximum 

inclines established by the New Mexico High

way Dept. 

A hospital and other health care facilities 

are located in Socorro for any emergencies. 

Food service and materials supplies can be 

handled through Socorro or Truth or Consequences. 

DESIGN CONCEPTS In the case with most observatories today, 

they are designed as a segregated grouping 

of individual parts, which do little to 

relate to one another. 

The design considerations for the Observatory 



and Solor Research Center are quite the 

contrary. Due to the educational process 

involved in a research type facility, it is 

of the ufbmost importance that those areas 

which the researcher and student use and 

study be closely related. 

The design considerations with respect tbj 

special arrangements are basically this: 

1/ The observatory accommodates the astro

nomer, astrologer, and researcher first 

and foremost. All labs, offices, workspaces, 

lounges, storage areas, and telescopes are 

located as conveniently close to one another 

as possible so as to make the researchers 

work as pleasant and easy as possible. 

2. Second, the visiting student astronomer. 
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astrologer, and researcher is considered. The 

student works right along side the professional 

astronomers and researchers in a very business

like and professional manner. The classrooms, 

lecture, and instructional areas are integrated 

into the fabric of the research facility to 

work as one. After all, learning the procei^dures 

of actual research is also part of the 

learning process of the student astronomers. 

3. Separated, but not totally segreated from 

the research, and student learning departments, 

are the Administrative offices and the computer 

center. These facilities are located close to, 

but not adjoining the research departments, 

so as to make work and communication between 

departments easy. 



4. Separating the Research departments from 

the administrative and computer center is 

a large exhibition area where new equipment, 

telescopes, and even new space telescopes and 

solor devices are displayed for the benifit 

of not only researchers and students, but for 

visitors as w411. 

5. Visitors wishing to visit the 0bser4vatory 

are invited to do so on a scheduled basis. A 

visitor center with reception,astronomical museum, 

bookstore,and photo shop is located below the 

administrative and computer center facilities 

and adjacent to the large exibition hall. Tours 

take Jhe visitors through the museum, the exhibi

tion hall and on up to the top of the facility 

vhefce the dome and large telescope is located. 

Visitors can marvel at the giant telescope 
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and dome structures from within and can marvel 

at the surrounding vistas from telescopes 

located on observation decks outside the dome 

atop the facility. The observation decks are 

also used by astronomers and students for the 

purpose of pointing out celestial bodies for 

instructional amd educational purposes. 

6. Located just off the research facility are 

the various shops where the equipment and 

instruments of the observatory are made and 

repaired. Located within the complex are the 

power plant, water storage, and vehicle 

maintenance facilities. 

7. The only facility not located directly 

within the complex itself is the housing fot 

staff and visiting students and astronomers. 
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Basically due to reasons of privacy and 

security the housing facility is partially 

removed from the facility. The housing facility 

contains 24 hour food service in the form of 

a small cafeteria, rooms for single and' 

married people, utility areas, recreational 

areas, saunas, game rooms and living and 

relaxation areas, plus parking. 

8. Located within the complex is a large 

cafeteria located above the visitor center, 

below the administrative offices and computer 

center, and adjoining the large exhibition hall. 

Researchers and students can readh the cafeterra 

by means of walkways which bridge across the 

exhibition hall . 

9. Access to the solar telescope is by means 



of a long glass-covered moving sidewalk which 

is entered at the exibition hall. 

10. The entire complex is built upon a large 

platform below which all visitor and staff 

parking is located, along with mechanical 

spaces and service drives. 

SPACIAL VALUES With the exception of the dome facility and 

coude levels, spaces within the facility were 

designed to be free of doors and enclosing 

walls wherever possible. In designing areas 

this way, it is hoped that the feeling of 

flowing from one space to another is achieved, 

rather than leaving one space abruptly and 

then suddenly entering another. For security 

reasons, this was not possible in the library, 

and private offices. But in areas such as 
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lecture rooms, conference areas, classrooms, 

informal study and reading areas, general office 

areas, the ppen concept exists. 

STRUCTURE 

MATERIALS 

The structure is basically poured in place 

concrete with ocassional precast concrete 

members for accent and special detailing. 

The space frame is used effectively in areas 

where a transparrent and light type of effect 

is desired as opposed to the solid heavy look 

of concrete. Assemblage and construction of 

all compoaent parts is done on the site. The 

precast members are poured at the site and 

lifted into place when ready. 

The concrete super structure and precast 

concrete is left exposed throughout the complex. 

Very little paint other than interior accenting. 
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is used. Interior detailing is accomplished by 

integrating steel for iron work, railings, and 

lighting effects, with wood to soften the effects 

of the concrete and steel, and at the same 

time add warm colors to compliment the deta\ling 

of paint in interior spaces. Glass is used 

extensively throughout the exhibition area, but 

spar^ingly throughout the rest of the complex. 

MECHANICAL AND 
ELECRICAL 

A power plant within the facility with boilers, 

chillers, and generators supplies all of the 

power for the facility. Heating, ventilating, 

and cooling of the facility is done se. by multi-

zone air conditioner with return air fan for use 

with hot water, and electrical lines run from 

the power plant through main lines to the complex 

and branch outtothemulti-zone units. 




