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"Conceive the building in Imagination, not 

first on paper but in the mind, thoroughly, 

before touching paper." 

Frank Lloyd Wright 



INTRODUCTION 

A characteristic of intelligent beings is that they 

have a curiosity about the things around them; they 

are not satisfied as long as the lands beyond the 

distant mountains, or in central Africa, or near the 

poles, are a mystery to them. Also they are curious 

about the animals that live in the oceans, the origin 

of the mountains, the composition of the center of the 

earth, and the nature of molecules and atoms. These 

things, and many more, have been studied in organized 

and objective ways, called sciences to increase know

ledge by basic research. 

Since oldest times men have wondered about the things 

they see in the sky, and they have invented strange 

explanations for their existance. Gradually their sup-

ersitions and fears of these objects have been re

placed by knowledge of their origin and nature; idle 

speculation has been replaced by the science of 

astronomy. Few people any longer believe that the 

appearance of a comet in the sky heralds the coming 

destruction of the earth, but there are still many 
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things that we would like to know about comets and 

other objects in the sky. In the coming decade some 

of these things will be learned from space vehicles 

and perhaps from on-the-spot exploration, but more 

will probably be learned from ground based observa'̂  

tories. 

Astronomy has direct application to our immediate 

needs and comforts, such as navigation and time-keep

ing, but primarily it is concerned with the understand 

ing of the universe in which we live, and its origin 

and future. i 
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SOLAR ASTRONOMY 

THE SUN 

What is the sun? It is a great ball of intensely hot 

gas, 93 million miles distant from the earth and 

approximately 865,000 miles in diameter. In volume it 

is 1.3 million times as large as the earth. Its mass 

is about 2 million million million tons. If a person 

were capable of withstanding the intense heat of 

11,500 degrees Fahrenheit at the surface of the sun, 

he would find his weight increased 28 times its value 

on earth.^ 

The sun is the nearest of the stars. Though only of 

average size compared with other stars, because of its 

effect on the earth is more important of all the heav

enly bodies. Nuclear transformations in the interior, 

where the temperature is about 35 million degrees 

Fahrenheit, convert 4.7 million tons of its mass into 

energy each second. That energy escapes through the 

surface of the sun and proceeds outward into space, 

supplying the earth and all the planets with the ener

gy for nearly every form of activity on their surface. 



Astronomers are interested in studying the sun as a 

representative star. Because of its closeness to the 

earth, they can obtain very detailed information on 

its composition, atmosperic structure, and interior. 

In addition, there are many kinds of surface activity 

on the sun. Similar activity may also occur on other 

stars but is not seen because stars appear only as 

points of light, even in the most powerful telescopes. 

The sun, because of its nearness to earth, presents a 

sizable disc. 3 

SUNSPOTS 

A sunspot consists of two distinct parts: a dark 

central umbra fringed by a less-dark penximbra. The 

latter is composed of filaments that extend outward 

from the umbra. Single spots are rare; normally they 

occur in complex groups exhibiting great variety of 

form and shape. Often the groups are covered with 

brilliant "bridges", giving the impression of a geart 

turmoil. The smallest spots are mere pores a few 

hundred miles in diameter. The largest groups may ex- J-. 



tend over one-sixth the diameter of the sxon's surface 

and would be visable to the naked eye if the sun's 

light were reduced by fog, dust, or absorption by the 

earth's atmosphere at simset so that it would be safe 

to look at the sun. Chinese annals record many objects 

(sunspots) on the surface of the sun and describe them 

as like a flight of birds or as having the appearance 

of a pigeon egg on the suns surface. 

The intensive study of sunspots dates from the invent

ion of the telescope and the work of Galileo in the 

year 1610. The average life of a small sunspot may be 

but a day while a larger spot may last for several 

weeks or months. In some years sunspots are numerous; 

100 spots may be visible at once. In other years the 

sun may remain spotless for weeks or months at a time. 

Records kept for more than 400 years reveal that the 

number of spots varies with a period of 11.2 years. 

The last maximum was in 1964 and the last minimum was 

in 1957.^ 
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PROMINENCES 

Prominences are high-temperature clouds of gas pro

jecting above the surface of the sun. They visible 

only at the time of an eclipse of the sun's dies by 

the moon or when viewed through a very specual filter. 

They have been classified as active, quiescent, 

eruptive, sunspot, tornado, or coronal. Generally, the 

upper part breaks loose and appears to follow a curved 

path downward toward an attracting center - often a 

sunspot. The changes are best followed by time lapse 

photography with a spectroheliokinematograph. Spot 

promineneces show strongly curved paths or arches be

tween spots. Tornado promineneces appear like vertical 

twisted pltimes. Coronal prominences appear as detached 

forms far from the sun's surface. 

FLARES 

A flare, which always occurs near sunspots, is a 

sudden and short-lived brightening of a small region 

of the sun. A small weak flare may appear and disap

pear in three or four minutes. Intense flares last 



several hours profoundly affect, by their intense 

ultra-violet and cosmic ray emission, the earth's 

upper atmosphere and the Van Allen radiation belts. 

At the exact time that a flare is visually observed 

(the actual flare occurs eight minutes earlier on the 

sun because it takes that time for light to travel 

93 million miles) there is a general fading of radio 

signals over the sunlit side of the earth. The earth's 

magnetic field is disturbed both in direction and 

magnitude. Within the space of 10 minutes to two hours 

cosmic ray particles from the flare reach the upper 

atmosphere of the earth. That is of great concern to 

the space explorer. Within a day or two, low energy 

particles find their way to the north and south poles 

of the earth, producing the beautiful draperies of the 

Aurora Borealis (Northern Lights) and Aurora Australis 6 

CORONA 

When the bright disc of the sun is covered, as by the 

moon in a solar eclipse or by a metal disc in a instru 

ment called a "coronograph", astronomers see the faint J\ X V 



outer extension of the sun's atmosphere called the 

corona. The corona is a gaseous region that is ex

tremely hot. The shape of the corona varies with the 

sunspot cycle; the streamers near the poles suggest 

the effect of an extended magnetic field around the 

sun. 

SOLAR SPECTRUM 

When sunlight is dispersed by a prism or diffaction 

grating spectrograph, the solar spectrum can be 

observed and photographed. It ranges from red at one 

end to violet at the other, and has invisible ex

tensions into the infrared and ultraviolet. Close 

examination shows that this background of color is 

crossed by numerous narrow dark lines called Fraun-

hofer lines in recognition of the observer who first 

measured them in 1814. 

Of nearly 30,000 lines in the solar spectrum, 70 per

cent have been duplicated in the laboratoy by heating 

to incandescene the various elements listed in the Ui 



periodic table. The line spectrxim of each element is 

characteristic of that element and differs from all 

others. By comparison with, a known laboratory pattern 

and an unknown source, the presence or absence of an 

element is established. Approximately 60 elements have 

been found in the sun; the remainder have such weak 

lines or are of such low abundance in the sun that 

they have not yet been identifed. However,astronomers 

feel confident that all elements exist in the svm. in 

about the same proportions as they exist on the earth, 

with the exception of hydrogen and helium which are 

thousands of times abundant in the sun. 

U X V 
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HISTORICAL INTRODUCTION 
DEFINITION 

An observatory is defined as a station or institution 

for the observation of phenomena of nature. The prin

cipal kinds of observatories are astronomical, meteor

ological, magnetic, and seismological: dealing re

spectively with observations of celestial objects, of 

the weather, of the Earth's magnetism, and of earth

quakes. In some cases all of these kinds of observa

tions are made at the same observatory. 

I 
tJj 

ii'j 

This program will be concerned primarily with the 

astronomical observatory. 
It 

Observatories in the astronomical sense, are sites 

for the observation of astronomical phenomena. "They 

well might be called 'watch towers' of the sky." 

HISTORY 

The story of astronomy and observatories begins thou

sands of years before Christ, however, in the light 

of new discoveries and inventions, we are not likely 
/I 



f to reach its conclusion for many years to come. 
^ 
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" Astronomy is the oldest of sciences." Any science 

that is a true science begins with observations. An

cient Chaldean shepherds and the builders of the pyr-

a mids in Egypt studied the skies and pondered the why 

and the wherefore of the phenomena taking place there 

before their eyes. By closer observation they decided 

that there was some sort of order in the skies. They 

observed that some objects appeared in the eastern sky 

and traveled across the heavens to disappear in the 

west. Their attention was called to certain points of 

light that seemed to wander among the stars. These 

became known as planets, which means "wanderer". 

In ancient times, the question was how to account for 

this motion. The Eastern peoples were indefatigable 

observers. It was left to their Western neighbors, 

however to answer this question. The stars, the sun/ 

and the moon seemed so orderly that the Greeks and 

their mentors, the Egyptians, suspected the behavior 
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of the planets was not really erratic, but the result 
q 

of combinations of orderly movement. 

In venturing a logical description of the motions of 

heavenly bodies, the majority of the Greek philoso

phers assumed the Earth to be stationary. A few claim

ed that both the Earth and the planets revolved about 

a stationary sun; Puthagoras (569-470 B.C.) and Aris-

tarchus (310-250 B.C.) were of this school. The ab

sence of an observable parallax, however, and the con

sideration that a moving Earth seemed so contrary to 

human experience, caused such great thinkers as Hip-

parchus (190-120 B.C.)and Claudius Ptolemy (A.D. 

100-170)-who argued that ig the Earth were moving, 

birds would be left far behind - to start with the 

assumption that the Earth was fixed and the center of 

the universe. 

The Ptolemaic system went unchallenged for almost 

fourteen hundred $*ears. Then Copernicus (1473-1545) 

reverted to the ideas of Pythagoras, insisting that 



the observed planetary motions might be the result of 

a motion of the Earth as well as of the planets them

selves, Copernicus assumed that the sun was the center 

of the universe with the Earth and the planets revolv

ing uniformly about it in circles. 

According to the Copernicus theory, the closer a 

planet is to the sun the faster it travels. The chief 

argument for this system was its simplicity. 

The first structures having any astronomical signif

icance consisted of stone pillars, monuments, altar-

stones and star temples, all oriented in a definite 

fashion to indicate the astronomical factors of di

rection or time. Various architectural structures hav

ing the function of primitive observatories were con

structed in wide geographic distribution by the Mayas, 

Incas Aztecs, Chinese, Egyptians, Babalonians, Assyr

ians, Israelites, Greeks and Druids. Their purpose 

was varied to indicate the passing of the seasons, the 

beginning of the new year, the arrival of the periods 
n 
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of floods, the advent of religious festivals and the 

accuracy of calendars. Some of these observation posts 

date back to the period of 2000 B.C. when, through 

systenatic observations, the Chaldeans evolved a cal

endar in some respects more accurate than the ones 

we use today. 

Supposed relationships said to exist between the in

clined passageways in the great pyramid at Gizeh, 

Egypt, built about 3000 B.C., and the heavenly bodies, 

have been attributed to a profound knowledge of 

astronomy on the part of the ancient peoples. 

Study by the Carnegie Institution of Washington shows 

that a pyramid known as'Stella 20 at Baxactun, in 

present-day Mexico, was the first actual observatory 

on the American continent. It was constructed in A.D. 

235 by the Mayas. 
11 

Throughout the period of the Dark Ages, while learn

ing in Europe fell generally into decay, observational 



astronomy flourished among the Arabs. During the Mid

dle Ages, the science of observational astronomy 

spread slowly to the other nations as well. The Moors 

built an ornate tower three hundred feet high at 

Seville, Spain, in the twelfth century as an observa

tory. 

Hulagu Khan, grandson of Genghis Khan, provided for 

the construction of an observatory on a mountain near 

Meragha in modern Persia. The observatory containing 

astrolobe instruments of an exceptionally fine qual

ity was placed under supervision of the astronomer 

. 12 
Nasr-ed-Dm. 

Establishment of astronomical observatories moved 

equally slowly during the Renaissance, but significant 

studies in mechanical observation equipment were soon 

forthcoming. The first observatory to possess a re

volving roof was built at Kassel in 1561. Observations 

of stars were made and for the first time a mechanical 

clock to record time of observation was used 
13 J, 



In 1576 Frederick II, King of Denmark, gave Tycho 

Brahe the little island of Hveen as the site for an 

observatory. Here the first truly comprehensive ob

servatory devoted to instrumental observations of 

celestial objects was established on August 8, 1576. 

Foremost of the astronomical instruments developed 

and used at the observatory were a mural quadrant, 

triquetrum, sextant, azimuthal quadrant and equatorial 

armillary sphere. Tycho also discovered the principle 

of the polar-axis type of movmting, upon which every 

modern observatory telescope is based. Johanmes Kepler 

used Tycho's observations for formulating his famous 

laws of planetary motion. 
14 

In 1609 the great Florentine physcist Galileo (1564-

1643) learned of the construction of a telescope by 

Jan Lippershey, a Dutch spectical maker. Lippershey 

ignored the astronomical possibilities of his inven

tion; so we credit Galileo with the first astronomical 

telescope - a piece of lead pipe with a lens at each 

end. Though reared in the ideas of Ptolemy, Galileo 
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became a staunch supporter of the heliocentric theory 

15 
(sun at the center). 

On January 8, 1610, Galileo turned his lead pipe 

toward Jupiter and saw what he regarded as a miniature 

Copernicon system - the four larger moons of Jupiter -

16 circling the planet. 

The next great advance in the field of astronomy was 

the foirmulation by Kepler of three laws: The Ellipti

cal Law, The Law of Areas, and The Harmonic Law. These 

three laws delivered the coup de grace to the Ptolem

aic system and cleared the way for celestial mechan

ics. 

It required the genius of Sir Isaac Newton (1642-1727) 

to translate Kepler's introduction into physical law. 

Principle law formulated by Newton - Law of Universal 

Gravitation, the laws of Planetary Motion. 17 

In 1831 the first permanent astronomical observatory 

M 



in the United States was established at the University 

of North Carolina. The U. S. Naval Observatory was 

founded in 1830 as a depot of charts and instruments. 

In 1848 the first building that was actually a part of 

the U. S. Naval Observatory was completed. 

The turn of the 20th century and the twenty-five years 

immediately preceeding ushered in the period of modern 

astronomical observatories. The Lick Observatory was 

completed in June, 1888. Yerkes Observatory of the 

University of Chicago was established in 1897. 

In 1928-1929 the tmistees of the Rockefeller General 

and International Education Boards granted an inital 

sum of $6,000,000 for the construction of a reflecting 

telescope of a 200 inch operture, together with suit

able housing. In 1934 a site on Palomar Mountain, 
19 

California, was selected. 

January 26, 1949, the first photographic observation 

took place with the largest telescope in the world. 
1 ; 
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INSTRUMENTS TO BE HOUSED 

For precise fundamental positions of celestial ob

jects, the meridian circle is the chief reference 

plane. 

It 

A transit is employed for the determination of the 

time 

For finding the accurate positions of faint objects, 

instruments set in the meridian have too many limita

tions, and telescopes are used which may be pointed to 

any part of the sky. These are mow almost universally 

mounted equatorially, which means that one axis points 

toward the celestial pole, thus allowing a free east 

and west motion, while the other axis is perpendicular 

to the first, allowing a free motion north and south. 

Equatorial telescopes are of two principal kinds: re

fractors , in which the image is formed by an object 

glass; and reflectors, in which a concave mirror gen

erally of glass, silvered of aluminized, collects the 

light and brings it into focus. 

M 



The arrangements of the domes are different for the 

two types of instruments. The observer does his work 

at the lower end of the refractor, and for larger in-

strtiments it is a great convenience to have a rising 

floor or platform so that he can be always at a con

venient height for reaching the eye end. The observer 

must be at the upper end of the tube if it is a New

tonian. It is necessary with the largest instruments 

to hang an observing cage on the inner surface of the 

dome, opposite the shutter, and to move this about by 

electric motors to suit the necessary altitude of a 

given object. However, for a Cassegran, he observes 

from the lower end as with a refractor. Large equator

ial telescopes require domes which may be turned on 

circular tracks toward any direction; cylinders may be 

used, but in America, hemispherical domes are employed 

almost without exception. A shutter several feet wide 

covers the opening, extending from the base to the 

top of the dome. 

For the observation of the altitudes at transit of I 
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stars whose declinations are exactly known, the lat

itude of the observatory may be precisely determined, 

with employment of the meridian circle as above, or 

of a smaller, portable transit instrument provided 

with extremely sensitive levels and called the zenith 

telescope. It is used for the survey of all boundaries 

which run along a parallel of latitudes and for the 

exact location of all stations used in the triangula-

tion of a national survey^ The same room or detached 

building can be used for the zenith telescope as for 

the transit instrument. 

It may seem unnecessary to determine the latitude of 

a fixed observatory but once, when it is definitely 

located. It was by the repetition and increase in 

precision instrioments, however, that the discovery was 

made in 1885-1888 that the latitude of a place is not 

constant but variable. This is proved to be due to the 

fact that the Earth's axis varies within the Earth, so 

that at the pole it would trace an irregular curve in 

a period of about 428 days,having in years showing the 

r^.Oj'-^VijJiiftsisass^i 



greatest range, a maximxim diameter of about sixty -

feet. This affects the latitude of every station on 

Earth. Another instrument used in a few observatories 

for this purpose is the tremsit set in the prime ver

tical or plane passing through the zenith and east 

and west points of the horizon. For this instrtunent, 

the opening of the roof must lie east and west, but 

otherwise the installation is the same as for the 

transit. 

The measurement of the brightest of celestial objects, 

or celestial photometry,has been greatly developed in 

recent years. 

Both refracting and reflecting telescopes are now em

ployed successfully in photographic photometry, with 

ordinary and with special plates sensitized to match 

the human eye. 

The measurement of the intensity of the radiation re

ceived from the sun is a special problem of astro-

& 
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physics closely related to meteorology. The instrument 

employed is the actinometer. 

The investigation visually and photographically of the 

surface markings, etc., of celestial objects is an im

portant part of the work of practical astronomy, the 

refractor has more generally been employed, but larger 

reflectors can serve very usefully. 

The investigation of the physical and chemical consti

tution of celestial objects has increasingly occupied 

attention at observatories in recent years and has 

affected the design and equipment of such institu

tions. Spectroscopes, generally for photography and 

called spectrographs have been improved in design and 

efficiency. 

The interferometer, an instrument of the physical lab

oratory, capable of measuring the most minute quant-, 

ities, has been applied with great success to the 

i 
t 
! 
1 
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measurement of wave-lengths in the solar spectrum. 
A 

Among the subsidiary but highly important instruments 

are the well known micrometer, the function of which 

is to measure minute angles and distances;)the ccunera 

which is attached to the telescope for photography of 

celestial objects and which has all but taken the 

place of visual observation; and the photographic tel

escope, or doublet as it is called, because its com

ponents are very much like those of a photographic 

lens, but which is, none the less, a quite different 

instrument. 

Other instruments are the spectroscope, which is used 

in conjunction with the telescope and analyses the 

light that comes from the Sun, stars, nebulae, and 

other celestial bodies, and which visually shows what 

the elements are that they are made of; the spectro

graph, which also forms a spectrum of the light emit

ted by them when an image is impressed on a plate; 

and lastly, the spectroheliograph plus a camerit̂  that 



is secured to the eye end of the telescope, and a 

mechanical movement on it that maps the image of the 

Sun or other celestial object moving across the plate 

where it is photographically recorded. 

I 
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THE NATIONAL SCIENCE FOUNDATION During recent years, the growing importance of scien

tific research to the national welfare has given rise 

to new activities and agencies within the federal 

government. Established by Congress in 1950, the 

NATIONAL 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 and intellectual activity, basic research 

is not necessarily directed toward solutions of, nor 

iiranediate application to, practical problems. Rather 

it seeks to acquire new knowledge that in a very real 

sense is fundamental to the continuing progress and 

development of America. To ensure that basic research 

is nourished and sustained by funds and facilities 

essential to ots healthy growth is a major concern 

of the foundation. 

V 
The President of the United States appoints a director 



and 24 members to the National Science Board which 

guides the Foundation. Its four principal operating 

divisions are concerned with biological 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. 

V 

The Foundation further supports research and training 

in science through grants and fellowships. It also 

gathers and analy:zes data relating to the status of 

scientific research and development and scientific 

manpower in the United States. And it fosters the 



exchange of scientific information betwwen scientists 

in the United States and those of certain foreign 

countries. 

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. 



CLIENT AND FINANCING 

The National Science Foundation, an independent agen

cy of the United States Government, has supported the 

Observatory from its inception. The Foundation, which 

is responsible for support of basic research through-

the United States, has executed a contract with the 

Association of Universities for Research in Astronomy, 

Inc., (AURA). With the selection of the White Sands 

site, AURA located its headquarters in Alamogordo and 

from here construction will commence. AURA, a non

profit corporation, was formed in 1957; the following 

Universities are members: 

University of California 

University of Texas 

University of Chicago 

Harvard University 

Indiana University 

University of Michigan 

The Ohio State University 

Princeton University 

University of Wisconsin 

Yale University 

^ ^ 



COST ESTIMATE 

210-inch Reflector Telescope (stellar) 

100-inch Solar Telescope 

84-inch Reflector Telescope (stellar) 

2-16-inch Reflector Telescopes 

2-36-inch Reflector Telescopes 

Administration 

Dormitories 

Dining Hall 

Visitor Center 

Maintenance Shops 

Power Plant and Water Storage 

Library 

Computer 

$12 million 

$ 7 million 

$ 8 million 

$ 6 million 

$10 million 

$ 3 million 

$ 2 million 

Total $48 million 



SITE 

Since the Obseirvatory is to be located within White 

Sands National Monument, the Association of Univers

ities for Research in Astronomy, Inc. will be given 

the site free of charge by the United States Depart

ment of Interior. 

V 
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USE 

Sixty percent of the Observatory's telescope time is 

allotted to qualified visiting astronomers and ad- , 

vanced graduate students; forty percent is utilized 

by the Observatory's own staff. V̂  
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REQUIRED FUNCTIONS 

PRIMARY CONSIDERATIONS 

OPERATION AND.FUNCTION 

Observatories may be classified according to two main 

functions: (a) Those operated during daylight hours 

for the observation of the sun. (b) Those operated 

principally at night for observations of planets, 

stars, and faint celestial objects. Rjr convenience 

in work programming, the hours of darkness are gener

ally divided into two halves, and the astronomers ro

tate on scheduled shifts. During the day and on cloudy 

nights the astronomer busies himself with calculat

ions and reductions on work of some previous evenings 

24 
observations. 

Observatories are generally located on mountain tops, 

above much of the lower layers of atmospheric fog, 

haze, smoke, dust, and soot. They are often isolated 

completely from metropolitEui regions where the reflect 

ion of the city lights in the sky would cause a reduct 

ion in visibility of faint celestial objects. Observ

atories are generally found on bedrock for stability 

3 
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of observations as well as to reduce the possibility 

of disruption of sensitive instrumental calibrations 

due to earthquake shocks. In order to prevent bother

some drafts and convective currents which interfere 

with good "seeing" conditions, before any observation 

is made, the temperature of the air inside the dome 

must be brought into equilibrium with the temperature 

if the air outside by opening the dome shutters. No 

matter how cold the outside temperature, the astron

omer must adjust himself accordingly by donning suit

able apparel, since at no time can the dome be heated 

during observation. Exceptions to this rule exist in 

the turret telescope at Stellafane Obseirvatory at 

Springfield, Vermont, and the temperature controlled 

coude and the interior focus rooms used with the 200 

inch and larger telescopes. 

Except for certain "open house" occasions, when the 

public is allowed to look through the telescope, 

approximately ninety percent of all modern-day obser

vations in astronomy is accomplished by photography. Ui 



The investigations take the form of: direct photo

graphy of celestial objects, used on determination of 

their physical appearance, position, distance, mag

nitude and proper motion; and spectrographic studies 

of celestial objects, for the determination of their 

physical and chemical nature, spectral classification, 

radial velocity, and rotary movement. The eye-to-eye 

phases of astronomical research are today confined 

mainly to visual observations of double stars, comets, 

and planets, and so-called "astronomy of position". 

The work of the professional observatory is channeled 

into certain carefully selected lines of resecirch 

which, together, constitute the main observational 

program. Some of these lines of research are sky maps, 

latitude studies, solar observations, new discoveries, 

and star research, time and position references, and 

26 
almanacs. 
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Obtaining astronomical data at a telescope constitutes 

only a small part of the work involved in solving 

astronomical problems. The electronic records, direct 

photographs and spectrograms obtained at White Sands 

will nearly always require detailed measures. For this 

purpose the Alamogordo headquarters will have many 

kinds of special equipment, some capable of making 

measurements to an accuracy of 1/100,000 of an inch. 27 

It may be necessary to solve theoretical physical 

problems related to astronomical objects. That is 

done with the use of computers, and extensive tech

nical? library, many hours of analysis, and the solut

ion of mathematical equations. The obseirvatory will 

house 12,000 volumes in its library, including books 

on astronomy, physics, mathematics, and engineering. 

The final conclusions in a research program, and the 

data substantiating them, are published in profession

al and technical journals. 28 

Often the same astronomers and assistants are not in-



volved in all phases of a research project. For 

example, a night assistant may help to obtain obser

vations by operating the telescope; a technician may 

measure the resultant photographs; a computer pro

grammer may help in calculations; a librarieui 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. The need for more than 100 employees 

having a very wide range of abilities becomes appar-

^ 29 ent. 

Some equipment is developed gradually in a White Sands 

laboratory before the final model can be constructed 

in the shops. That model must then be tested carefully 

before it is put into use. This is particularly true 

for space astronomy equipment that must work reliably 

the first time it is used in rocket flight. The Obser

vatory will also engage in research on equipment such 

as image orthicon (television) tubes and the feasibil

ity of their use in telescopes. The photographic plat- U', 



r 
es used at White Sands will be tested in Alamogordo 

to ensure that only the best photographic materials 

are used during observating finally, some laboratory 

studies must sometimes be made of the behavior of 

molecules and elements under•various physicsl condit

ions for comparison with the astronomical data. All 

these activities will require extensive equipment and 

laboratories. 30 

V 

Many of the necessary and related activities of the 

Observatory (schooling, community life, university 

education, etc.) can be carried out better in Las 

Cruces and Alamogordo them at White Sands. The ad

ministration of the Observatory and planning for 

futvire instrximentation is done in Alamogordo. The 

engineering studies and preliminary or complete 

drafting will be done there. Major instruments and 

telescopes are usually built by outside companies 

under contract with the Observatory; the remainder 

are constructed in the Observatory shops (mechanical, 

optical, carpenter, etc.) an laboratories (electron-



r 
ics, computer and photographic). The purchasing and 

accounting departments in Alamogordo are necessary for 

all phases of Observatory work, as the shipping, 

receiving, warehouse, and plant maintenance facilities 

^ 
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SPACES REQUIRED 
THE OBSERVATORY DOME 

The observatory dome is the structural heart of the 

observatory and may form the major part of the build

ing plan. It will consist of a hemispherical shell, 

either silvered of aluminized in the outside to reduce 

and reelect heat during the day, and painted black on 

the inside to absorb any photographically undesirable 

light during observation at night. The standard dome 

and shutter arrangement provides the most practical 

type of housing for the telescopic equipment used by 

the modern observatory. The entire superstructure will 

rotate as a ceiling around a vertical axis to bring 

the dome slit into alignment with the telescope 

pointed in any desired position of the sky for obser

vation , 
31 
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In order to accomodate the sweep of the telescope 

instrument in any position, while allowing the obser

ver as much freedom of action as possible, rising 

floors and adjustable observing ladders are employed. 

In the larger observatories having refracting tele- J\ 



scopes, the observer is carried to his observing 

position on a motor-driven observing chair,or by an 

elevator. At the prime focus of the 200 inch Hale 

telescope, the observer is actually stationed in a 

cylinderical cage at the top of and within the main 

framework of the telescope itself. 

The 200 inch Cassegran telescope will be moiuited 

on a Springfield mount, which is supported on a metal 

pier, which in turn rests on a concrete foundation. 

The foundation on which the main dome structure rests 

must be separated from the telescope pier by a space 

of several inches, to prevent mechanical vibration 

from being transmitted to the telescope during obser

vation. 32 

V 

Despite the great weight and massive appearance of 

large telescopes, some of which weigh one hundred tons 

or more, each telescope is so delicately balanced that 

it may be readily pointed in any desired direction by 

the shove of a hand. Electric controls are provided 



for the convenience of operation, with fast ox slow 

motions in any direction accomplished by small elec

tric motors. These driving motors are actuated by push 

buttons on control panels or switch boards within 

easy reach of the observer. 

V 

MERIDIAN GROUP 

A meridian group is a small, lightweight structure 

or structures that may be detached for isolation. This 

group houses instruments concerned with determining 

accurate positions of the Sun, moon, pleuiets, and 

stars as they cross the meridian. The instruments may 

be housed in small separate structures, each having 

its own dome. The domes have their openings north cuid 

south. The reason for isolating the buildings is so 

that they will quickly assume the temperature of the 

outside air. If the group contains large domes, these 

should be place so as to avoid mutual obstruction. It 

is desirable to have a connection between this group 

and the optical and re-silvering shops in order that 

the lenses may be re-silvered or aluminized and 

v.. 



repolished without leaving the building proper. 

OFFICES FOR THE STAFF OF OBSERVERS 

These offices assume the position of home base for 

the observers. From their offices the observers plan 

and organize their work and carry on correspondence. 

During bad weather the observers may use their offices 

for the computing and analyzing findings of previous 

sitings. For the convenience of the observers the li

brary should be nearby for reference and further re

search. The observatory will contain 15 staff offices. 

OFFICES FOR COMPUTERS 

These offices contain the electrical brains of the 

observatory. All the complex problems that would take 

many man hours to solve by individuals are solved 

here by machines, sometimes in a matter of minutes. 

Files and index cards as well as desks and spaces for 

the operators should be provided. Since the operation 

of these machines may cause some disturbance due to 

noise, this group may be placed in a basement or some 



other isolated space. Two computer offices will be 

provided. 

ADMINISTRATIVE OFFICES 

The policies of the observatory are formulated by the 

administration. These offices may at times serve as 

reception spaces for interviews of visiting astron

omers as well as the public. Another duty of the ad

ministration is to map out and organize future ex

periments and observations. This group should be in a 

position so that communication from them to the com

puting offices and, more important, to the staff ob

servers' offices, does not become a problem. The ad

ministrative group should also be in a location rea

sonably close to the main entrance for the reception 

of visitors. Offices'i will be provided for the obser

vatory director, chief engineer, manager and their 

secretaries. 

LIBRARY 

The library serves an essential function in the op-
4 
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r 
eration of an observatory. It is a cumulative source 

of information of an observatory, that may be used for 

research and analysis of problems and answers that are 

a continuous flow in the operation of the modern ob

servatory. The library should be efficiently planned 

so as to facilitate the work of the observers. This 

calls for a complete cataloging and indexing of books 

and periodicals on hand. The library should also con

tain space for receiving and distributing new voliames, 

space for films, slides, and other visual aids in re

search and analysis. 

Good lighting and quiet surroundings are a necessity 

for a good library. Private reading cubicles may be 

provided for the study of volumes that are aot to be 

loaned out. 

The library should provide adequate room for 50-100 

years of expansion. 

4 
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LECTURE ROOMS 

These rooms may be used in lectures for the purpose 

of coordinating research programs, and in the case of 

students regular classroom lectures. A large lecture 

room will be provided and equipped for viewing films 

and slides and for presenting lectures to the public 

as well as the staff. 

VISITORS RECEPTION ROOM 

This room's primary function is the reception of 

groups of touring visitors. The visitors are given 

information about what they can expect to see on their 

tour. It should be segregated from the every day 

functions of the observatory. 

CAFETERIA 

The lunchroom is operated to serve the staff, admin

istration and the service employees. A cafeteria style 

lunchroom is probably the most efficient for this 

purpose. The lunchroom should operate in conjunction 

with a well equipped kitchen. The kitchen must have V', 
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adequate storage facilities, and a service entrance. 

The lunchroom should be located so that a pleasing 

view is presented to those who use it. A coffee lounge 

will also be operated in conjunction with the lunch

room, thus providing a space for rest and relaxation 

during rest periods or breaks in activity. 

DARK ROOM 

The dark room must be accessible to all photographic 

laboratories and photographic supplies storerooms. 

The space must be free from all outside light rays. 

In preventing exposures of films and damage to films, 

care must be taken to use low wattage lights, light 

absorbing paint and other similar precautions. The 

dark room should be provided with all necessary equip

ment for developing film, photo copy work, and 

developing photo plates. 

STOREROOMS FOR PHOTOGRAPHIC SUPPLIES 

Adequate space for the storage of film, plates and 



developing fluids and other supplies used by the 

dark rooms in the photographic process. 

CLOCK ROOM 

This room is used for the housing of the Observatory 

time devices. The room must be kept at a constant 

temperature and humidity. In the construction care 

must be taken to provide independent footings and 

foundation to prevent any vibrations in the room. In 

some cases the clock rooms are placed in the basement 

for the purpose of isolation. 

PUBLIC REST ROOMS 

Rest rooms for both men and women should be provided 

adjoining the spaces visited or most frequently used 

by visitors, especially tourist. 

STAFF AND ADMINISTRATIVE REST ROOMS 

Rest rooms for the staff and administrative employees, 

both men and women, will be provided where necessary. 

V 
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FIRE PROTECTION SERVICE 

Since observatories are usually located in remote 

places, it becomes necessary to provide service with

in the observatory group. The fire station may be a 

small detached buiding or it may be in the same 

building with other service facilities. Space should 

be provided for an apparatus room, offices, a small 

dormitory, and locker room. Fire fighting equipment 

will be of the tank storage type. Provision should 

be made for charging of the tanks of the trucks. 

WATER SUPPLY 

One of the prime requirements for the successful oper

ation of a modern observatory is an adequate and 

dependable suppl^ of good water. This water must fill 

the requirements for both personal use and fire pro

tection. 

POWER PLANT 

All of the motions of the instrument mounting, dome, 

and shutters are electrically driven and controlled. 



Thus, the successful operation of the instrument is 

directly dependent upon an adequate and dependable 

source of electricity. 

Some of the motions of the instrument mounting are 

very precisely controlled with delicate instruments 

which require a close regulation of the voltage of the 

power supply. This requires the installation of gen

erating equipment with refinements and sensitive con

trol devices seldom found in a plant of this size. 

Since several of the motors used in connection with 

the instrument and dome employ direct current a D. C. 

converter will be installed in the dome. All dis

tribution lines from the power plant to the dome and 

other buildings and houses are underground cables. 

V 

AIR CONDITIONING EQUIPMENT 

This phase of the observatory facilities will not be 

fully investigated in this thesis. The complexity 

of an observatory air conditioning equipment requires 



the experience of a fully qualified engineer, however, 

adequate space will be provided for housing the mech

anical equipment. 

INSTRUMENT SHOP 

While for large important pieces of routine work, re

quiring the continued use of many years of the same 

instruments euid methods, an instrument shop is nec

essary, it is indispensable if rapid advances are to 

be made in developing special devices required in the 
•A 

initiation oifi new methods. 

Future advances of the observatory will depend upon 

its successful operation. 

The instrument shop should be close to the main dome 

and its large telescope. Sky lights are of a definite 

advantage. A large crane for lifting heavy castings 

should run down along the central bay. 

The instrument shop should contain a wood working shop 



benches, pattern lathe, band saw, disc and vertical 

Sanders, vertical drill press, spped lathe, circular 

saw, two speed surfacer, and a planer and jointer, all 

motor driven and equipped with attachments. Also, all 

necessary hand tools should be provided. 

Space must also be provided for painting and laquering 

hardening, forging, welding, grinders, a shop for 

small instrument work, offices, tools and supplies, 

metal stock and a gear cutting shop. The drafting 

rooms, offices and steel storage may be on the 

second floor. 

The basement might contain the transformer vault, 

switbh board room, locker rooms, storage and mech

anical equipment. 

A fully equipped machine shop containing all the 

necessary power lathes, grinders, gear cutters, drills 

and other tools must also be contained in the 

instrument shop. The machine shop must be equipped to 



repair or fabricate metal parts for new or existing 

equipment. Frequently parts may become damaged or 

worn and it is of prime importance that these parts 

be replaced as quickly as possible. 

I'liii' 



INSTRUMENT SHOP 

Much of the instrumental equipment used in astronomic

al observing is one-of-a-kind that is not available 

commercially. Sometimes, if specialized equipment is 

relatively simple, it can be made by an outside manu

facture after complete designs are made in the Observ

atories engineering department. But in developing 

complicated mechanical instruments in which parts need 

to be tested during construction, or which continual 

consultation is required with the Observatories astron 

omers, opticians, electronics technicians, or others, 

it is often a more efficient proceedure to build those 

instruments in the Observatories instrument shop. 

The Observatory will operate a 15-man shop in which 

many of the instrximents used on telescopes, or flown 

in rockets, are constructed. Also the extensive equip

ment in use at White Sands needs occasional modificat

ion and maintenance, which is done by the instrument 

makers. 



OPTICAL SHOP 

The usual purpose of a telescope optical system, is 

composed of mirrors or lenses or both, is to collect 

all the light falling on it and to focus that light at 

a place where it can be viewed, photographed, or other

wise measured. The aperture - or diameter - of the 

system determines how much light is collected and con

sequently, how bright the image will be. The effective 

focal lenght of the system will determine, in part, the 

overall magnification and size of the image. 

V 

In constructing an optical system, the first step to 

"design" or compute the shapes and separations of the 

mirror or lens surface. The latter must allow images 

to have sufficient intensity, magnification, and resor 

lution over the entire field. Next, mirror blanks of 

glass, Pyrex, fused quartz, sapphire, or other material 

are obtained from manufactures. The blanks are cut to 

approximately the shape with diamond edge saws or 

cutters. The curved or flat surfaces are then ground 

with tile-covered tools, using a wet silicon oxide 



as the abrasive. Grinding continues with the use of 

increasingly finer grinding particles, followed by 

polishing with a rouge such as ferric oxide. With 

additional rouge, the surface is polished in local 

zones until the desired shape is obtained. Throughout 

this process the surface is measured repeatedly to 

ensure that grinding and polishing will yield the 

correct shape for the surface. The optical test used 

most frequently are the Knife-edge and the Hartmann. 

The Observatory will have one of the largest optical 

shops in the world. It will house equipment capable 

of making mirrors up to 85 inches in diameter. Facil

ities for grinding and polishing the 210 inch mirror 

are being planned. A tunnel 8 feet in diameter and 

160 feet long is used to test long-focus optical parts 

in a partial vacuum where air currents will not disturb 

the sensitive tests. All the major optical parts used 

in telescopes at White Sands will be figured in the 

Optical Shop. 



HOUSING 

Most members of the White Sands National Solar Observ

atory staff will live and work in Alamogordo where 

they design telescopes, design and construct auxiliary 

instruments, and measure and analyze data obtained 

form nights and days of observing. 

V 

In addition, the construction and maintenance of a 

large observatory requires the help of many tech

nicians and work men such as stone masons, construct

ion workers, electricians, carpenters, painters, 

electronic technicians, cooks, secretaries, super

visors, guides, and night assistants. Most of these 

people have homes and families in either Alamogordo 

or Las Cruces. They live at White Sands in dormitories 

during the week only. 

OTHER SERVICE FACILITIES 

Other service facilities at White Sands will include 

a vehicle maintenance shop for automotive and ' 

construction equipment stationed there, an emergency 



power generator, warehouses, carpenter and machine 

shops. 

VISITORS 

The Observatory can be reached by driving southwest 

from Alamogordo 15 miles, or northeast from Las Cruces 

56 miles to the Visitors Center at White Sands Nat

ional Monument. An eight mile scenic drive into the 

heart of the dunes ends at the Observatory entrance. 

Observatory visiting hours will be from 10a.m. - 4 

p.m. daily, including Sundays and holidays. 

V 

For new visitors to White Sands there is the National 

Monument Visitors Center with exhibits explaining 

the origin of the sands and a 10-minute slide show. 

At the Observatory, visitors can browse through 

the exhibits at the Astronomical Museiim which ex

plain the purposes of astronomy, the ways in which 

astronomers obtain information about the sun and 

stars, descriptions of the design features of tele

scopes, and the hisory of White Sands National Solar 

Observatorv. 



THE SOLAR TELESCOPE 

Because the sun as seen from the earth is more than 

10 billion times as bright as the brightest star, a 

solar telescope is constructed quite differently from 

the usual popular concept of a telescope. To produce 

the required 48 inch in diameter image of the sun a 

focal length of 425 feet is required. It is due to 

this long focal length and to the limited portion of 

the sky in which the sun appears (the band of the 

Zodiac) that solar telescopes are mounted with their 

mirrors or lenses in the fixed location. The telescope 

must be inclined 32 degrees to the horizontal so that 

it will point to the north celestial pole. 

The 48-inch diameter image of the sun will be produced 

by the use of three mirrors. The primary being 100-

inches in diameter plane mirror mounted in a yoke at 

the top of the telescope. A precision electronic sys

tem must be used to drive motors that rotate the yoke 

at a rate of one revolution each 24 hours to follow 

the daily motion of the sun across the sky. From this 

mirror a beam of sunlight is reflected to a 80-inch J 
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concave mirror at the bottom of the telescope. After 

still another reflection downward from a 64-inch 

plane mirror, the converging beam of light is brought 

to a focus where it can be studied and analyzed by 

means of a powerful spectrograph. 

A very large spectrograph totally enclosed will be 

necessary to provide high resolution spectra of 

flares, sunspots, solar granulation and prominences. 

The solar telescope will form an image of the sun on 

a table top of the spectrograph tank in the observing 

room. In this image, the astronomer can select sun-

spots, granulation, or other solar features for detail 

ed study with the spectrograph. By tilting one of the 

telescopes mirrors, the image is moved until the light 

from the selected part of the sun's disc enters the 

spectrograph. Short regions of the spectrum will be 

recorded on 10-inch long photographic plates. But, for 

the most accurate measurements, the spectrum will be 

scanned by a photoelectric cell. 



Despite the fact that the solar image is bright, by 

the time one isolates a very small feature on the disc 

and then disperses that light into a very small long 

spectrum, the amount of light in a narrow color range 

may be very small. Futhermore, if the spectrum of that 

region is changing with time - such as the case with 

a solar flare - there may not be sufficient time to 

record by conventional photographic methods the rapid-

ily changing events. For reasons such as this, solar 

astronomers are experimenting with the use of image 

orthicon (television) tubes and other electronic image 

amplification devices that are more sensitive than the 

photographic plates. 

One of the current major interests of solar astronomy 

is the magnetic field of the sun, of flares and sun-

spots and of other surface features. The solar tele

scope will be equipped with a megnetograph capable of 

making such measurements of the magnetic field 

strengths. 



Astronomers have found that warm air rising from the 

ground or from buidings can be a cause of poor "see

ing". Therefore a system must be designed by which 

this problem may be over come. Also it is best to have 

the top of the telescope at least 100 feet above the 

ground surface to avoid the convection currents of the 

hot air rising from the ground. 

In conjunction with the solar telescope there must be 

several offices, the observing room, and a shop in 

which mirrors are aluminized. 

The solar telescope will also house two smaller sets 

of mirrors (east and west) to give additional solar 

images for monitoring and for simultaneous experiments 
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The existence in this country of two telescopes great

er than 100 inches in aperture (the 200-inch Hale 

Telescope on Palomar Mountain and the 120-inch re

flector of the Lick Observatory) is insufficent be

cause only a single astronomer can use such a tele

scope at one time. Futhermore, the rapid increase in 

the number of astronomers during the past years makes 

the United States very short of the powerful equipment 

necessary to solve the many astronomical problems on 

which astronomers are working. In general, the largest 

telescopes are primarily available to only the staff 

astronomers of the institutions operating those tele

scopes, but the White Sands equipment will be built 

for use by all qualified American astronomers. Finally 

the largest telescopes are both located in California, 

which has excellent summertime observing conditions 

but only fair winter observing conditions. Thus, those 

objects in the svimmer sky have been favored. White 

Sands National Solar Observatory and the University of 

Texas' McDonald Observatory, which has an 82-inch re

flector, are in regions where observing conditions are 
6 
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more uniform throughout the year, and considerably 

better in winter. 

The need in the United States for another large re-

fleeter will be partially met by the completion of the 

210-inch reflector for White Sands National Solar Ob

servatory. Approval for its construction has been ob

tained from the National Science Foundation and the 

United States Congress. Observatory engineers and 

astronomers are currently designing the telescope, to

gether with the asistance of other astronomers who 

have had experience in designing and operating large 

telescopes. 

Experiments to monitor with small telescopes (on 

towers) the motion of the image of Polaris (the North 

Star)/ and to determine the temperature fluctuations 

at various elevations above the ground, have shown 

that a star image - or better "seeing" - results if 

a telescope is placed at least 100 feet above the 

ground. 
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STELLAR RESEARCH 

The largest stellar telescope at White Sands Nation

al Observatory is an 210-inch reflector. The largest 

of the world's great telescopes, the quality of its 

optical and mechanical parts and the completeness and 

versatility of its new accessory equipment make this 

telescope the most powerful on earth. Visitors will 

be able to view it from a glass-enclosed gallery. 

The primary mirror in the huge telescope is of fused 

quartz, which are now becoming available in large 

sizes. Because of the slow rate of cooling or heating 

of a thick mirror and the consequent warping of the 

mirror surface, if the mirror is made of a material 

that expands, or contracts significantly with temp

erature changes, it is very desirable to use a glass 

that has a small thermal distortion. The use of a 

fused quartz mirror in a telescope greatly reduces 

those times when a telescope is inefficient because 

of a warped mirror resulting from a sudden change in 

temperature. The technology for fusing large pieces of 

quartz into a homogenous mass is now being developed. 



r 
and in the future all large telescope mirrors probably 

will be made of fused quartz. The 7,150 pound mirror 

will be rough ground by General Electric Company at 

their Cleveland, Ohio plant to a 36-inch thickness 

and highly polished at the site. Its concave front 

surface will be polished and figured to an accuracy of 

four millionths of an inch, and to an f/2.6 over-

corrected parabaloid of the Ritchey-Chretien design. 

The surface will then be coated with a thin layer of 

alimiinum to provide a highly reflective surface. Dur

ing ideal "seeing" periods, all of a star's light 

collected by the mirror will be focused into an image 

from one to two-thousandths of a inch in diameter. 

The big telescope also contains several smaller 

mirrors. In the Cassegrain arrangement, a convex 

mirror at the upper end of the tube reflects light 

from the primary mirror back through a hole in the 

primary to a focus just below the lower end of the 

telescope tube. Small instruments attached there for 

analysis of starlight are: J \ 



1. a camera containing photographic film or plate 

for photographing parts of the sky nearly one degree 

in diameter - almost twice the diameter of the full 

moon; 

2. a photoelectric photometer used to measure 

accurately the brightness of stars or, with colored 

glass filters, their colors (stars of different temp

erature have different colors); 

3. a spectrograph which, when placed at the 

Cassegrain focus, can photograph stellar spectra used 

to measure approximate abundances, chemical composit

ions, temperatures, rotational speeds, line-of-sight 

motions, and other data relating to individual stars; 

4. 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). 

Access to the Cassegrain focus of the 210-inch tele

scope is by means of a steel platform that can be 

raised or lowered, and moved east or west. 
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An inside ring at the upper end of the 210-inch tele

scope tube can be rotated to interchange quickly the 

Cassegrian and coude secondary convex mirrors. Three 

additional flat mirrors then reflect the starlight to 

a focus south of the telescope mounting. This circuit

ous light path is necessary so that the large coude 

instrument can be permanently mounted in the latter 

location. It is impractical to attach the 13.5 ton 

coude spectrograph directly to the mobile telescope. 

The coude spectrograph consists of six large cameras 

used to photograph spectra produced by an 8 by 10-

inch diffraction grating. The diameter of camera 

mirrors range from 20 to 60 inches. 

The 210-inch telescope has two axles; one at the 

"handle" of the fork mounting, the other through the 

"prongs" of the fork. These allow the telescope tube 

to be pointed toward any star above the horizon. 

~ \ 

V 
Because the earth rotates on its axis, stars appear to 

move slowly from east to west across the sky. To 
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follow a star during long exposure, it is necessary 

to drive the fork at a rate of one revolution in 24 

hours. A gear 7.5 feet in diameter turns the handle 

of the fork on two oil-film bearings. The fork and 

telescope structure weigh 120 tons but are balanced 

so perfectly that a relatively small 1/25 horsepower 

motor actuates them at the tracking rate. 

The telescope must be protected from weather. But it 

must also have an unobstructed view of any region in 

the sky- Most telescopes are protected by a rotating 

dome which for this size telescope would weigh approx

imately 300 tons. A shutter in the dome opens easily 

to allow use of the telescope. To avoid currents of 

warm air that would rise from within the observatory 

and pass through the shutter opening, impairing "see

ing" through the telescope, the dome's interior is 

never heated. Opening of the shutter is avoided during 

daylight hours so that the dome's interior temperature 

will always be approximately that of nighttime. 
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The 210-inch telescope building will contain photo

graphic darkrooms, offices, electrical telescope con

trol systems, and an area in which the telescope and 

spectrograph mirrors can be recoated in a portable 

aluminizing tank. 

The existance of a large telescope does not make 

smaller telescopes useless. On the contrary, invest

igations with larger telescopes of faint or distant 

stars and galaxies usually show the need for more in

formation on the nearer and brighter stars - inform

ation that often can be obtained with smaller tele

scopes. Also, because large telescopes are so very 

expensive to construct and operate, they are reserved 

for research projects that cannot be accomplished 

with smaller ones. 

V 

The 36-inch telescopes will be used at the Cassergrain 

focus with focal ratios of either 13.6 or 7.6. The 

instantaneous position of the telescopes tubes, and 

much of the data they collect, can be recorded auto-



matically on punched tape which is then read into the 

Observatory's electronic computer for rapid reduction 

of data. 

One of the 36-inch telescopes will be used and equip

ped with photoelectric photometers for measuring 

stellar brightness and colors, or the amount of light 

in certain individual spectral lines. Each night, up 

to 150 stars can be measured by those photometers. The 

telescope Cassegrain spectrograph is used primarily 

for measuring line-of-sight motions of distant stars 

and of stars in clusters. 

The two 16-inch telescopes at White Sands will be used 

exclusively for photoelectric photometry. Although 

they are generally limited to work on stars brighter 

than the 10th magnitude, they can be moved so rapidly 

from one part of the sky to another that they are 

often preferred for studies of brighter stars. 

Each summer the Observatory will employ a dozen or 

5 il 



more university students who are interested in careers 

in astronomy. These students who come from various f̂  

parts of the nation, will assist the staff astronomers 

in research projects by observing with the telescopes, 

reducing data, programming and operating the Observ

atory's computer, or assisting in theoretical studies. 

V 



WEIGHT ESTIMATES 

SOLAR TELESCOPE 

100-inch heliostat 

80-inch concave mirror 

64-inch plane mirror 

50.0 tons 

2.0 tons 

1.3 tons 

210-INCH REFLECTOR TELESCOPE (Stellar) 

210-inch concave mirror 5.0 tons 

Fork 62.0 tons 

Tube 57.0 tons 

84-INCH REFLECTOR TELESCOPE (Stellar) 

84-inch concave mirror 1.5 tons 

Fork 30.0 tons 

Tube 27.0 tons 

36-INCH REFLECTOR TELESCOPE (Stellar) 

36-inch concave mirror .4 tons 

'• F o r k 12.0 tons 

Tube 11.0 tons 
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SPACE ARRANGEMENTS 

Where possible a large observatory is placed with its 

main axis east and west, as the rooms for the meridian 

instruments must have their openings of the roof north 

and south; but these instruments are placed better in 

small detached buildings, which are planned so that 

they will quickly assume the temperature of the out

side air. If there are large domes, they are placed 

at the ends of the building, to avoid mutual obstruct

ion; but they, too, are often detached structures. 

The dome should surmount everything, with offices, 

shops, and living quarters just below so that lights 

can be shielded. It is best that the observing dome 

be a separate building. Separate buildings should 

also house the offices and library, the carpenter 

and machine shops, and the garages and power plant. 

In such a place where fire is a fearsome enemy one 

should not place "all the eggs in one basket". 

. VN.. ur.n 

Observatories for instruction of college students may 

be very simple, with a dome for the largest telescope. J\ 



and one or two wings for meridian instruments. A flat 

roof or balcony from which celestial objects may be 

pointed out to students is a convenience. To avoid 

the great expense of large turning domes, sliding 

roofs are now often used. Horizontal telescopes also 

have come into use somewhat in recent years. They 

are often set up for temporary stations, as for ob

serving solar eclipes. 

An improvement over this construction is the vertical 

telescope. The same two flat mirrors are required, but 

the beam is reflected down vertical instead of horizon 

tally. This avoids the difficulty in the cross section 

of the tube, as a progressive change of temperature 

and density of the air along the direction of the beam 

should not injure the definition. 

\ 



SITE CRITERIA 



The proper location of an astronomical observatory is 

of great importance, as is now better recognized than 

formerly. The site should have a wide horizon and be 

free from the disturbances associated with life in 

large communities, such as vibration due to traffic 

of railways, electric lines, and heavy trucks. The 

modern illumination of cities produces a glare of 

light at night, even at the distance of several miles 

which greatly hinders visual observations and pract

ically forbids celestial photography, as do the 

smoke and dust of the cities. Accordingly the tend

ency has been in recent years to remove existing ob

servatories to stations farther from Icurger cities, 

while new institutions are located much more careful

ly than formerly. Observatories chiefly for research, 

if not attached to:.a university, are placed in favored 

mild and dry climates where clear skies eire the rule, 

and where there is only a small diurnal range of temp

erature. An Altitude of a few thousand feet is desir

able, to avoid the dust laden and denser lower strata 

of the atmosphere and to secure good transparency. 



The heating of the slopes of a mountain in such a 

region by the Sun may injure the steadiness of the air 

for observation of the Sun, and produce what is called 

poor 'seeing' during the daytime, while at night the 

seeing may be very steady .̂^̂  

The selection of a site for an observatory is based 

first upon climate and altitude. A high percentage of 

clear nights the year around, fairly uniform temp

eratures throughout the year, and high altitude to 

get above as much dust as possible. 
@ 

It is desirable that much work be done south oifi the 

equator with large telescopes. 

I 

A longe study of the meterological, topographical, 

and astronomical conditions, reinforced by more than 

thirty years of experience at Mount Wilson, leaves 

no room for doubt regarding the advantages of the 

southwestern corner of the United States as a site 

for a large telescope. Its latitude gives access to 

the of the northern heavens, as well as a broad zone 



r 
south of the celestial equator. Its mountain ranges 

afford easy means of escape from the dense air of the 

lower atmosphere, Mexico is a region worthy of con

sideration as well. It is possible that there are good 

sites in the Middle East, China, Australia, and South 

Africa, besides those which already have active ob

servatories . 

A further factor in the selection of a site is access

ibility. It should not be so far from civilization 

that medical, electrical, and provisions services are 

prohibitive. It should be reachable by a good road, 

wide enough and not to steep, which will permit 

trucks with heavy equipment and materials to reach the 

construction site. 

One of the prime requirements for the successful op

eration of a project such as a modem observatory is 

an adequate and dependable supply of good water. One 

of the main reasons for requiring a dependable water 

supply is the ever present danger of fire. This danger 



of brush fires makes a fire hydrant system throughout 

the site imperative. 

In view of the heavy piers which must be installed for 

the supporting the instruments and which constitute a 

leurge item of expense of construction, the site should 

be suitable in respect to drainage and rock formation. 

It is xuidesirable to set piers on ledges, as they may 

outcrop elsewhere and convey vibrations from long 

distances. Probably a deep gravel furnishes as good a 

foundation as any. 
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This harsh, constantly changing environment with its 

great wave-like dunes of gypsvmi sand - this undulating 

landscape of brilliant white - offers a challenge to 

vinite building and site no architect could resist. 

To design a structure which will harmonize with unique 

qualities of the site, one which will simulate growth 

in the manner of the dunes in the prime design cri

teria. Every characteristic of the monument should 

be studied, analyzed and incorporated in this design 

solution. 



Great wavelike dunes of gypsum sand—a vast un
dulating landscape of brilliant white—grace the 
floor of the Tularosa Basin of southern New 
Mexico. In this harsh, constantly changing en
vironment, plants and animals have evolved unique 
forms for survival. Here, in this national monu
ment, is preserved the most impressive part of 
this, the world's largest gypsum dune field. 

Created millions of years ago by downfault ing of 
a huge block of the earth's crust, the Tularosa 
Basin is surrounded by mountains and highlands. 
In these mountains, including the forested Sacra-
mentos to the east and the rugged San Andres to 
the west, are massive layers of gypsum rock. 

For centuries, waters collecting f rom seasonal 
rains and melting snows in these high ranges have 
eroded the gypsum deposits. The dissolved 
gypsum is carried into Lake Lucero, the lowest 
part of the basin. There the warm sun and dry 
winds, prevalent much of the year, evaporate the 
lake leaving a gypsum-crystal encrusted marsh. 

The arid southwest wind persistently scours the 
bed of Lake Lucero and the alkali f lats to the north. 
Weathering disintegrates the gypsum crystals 
into sand-size, glistening white grains, which are 
swept away by the wind and added to nearby 
embryonic sand dunes. As each dune grows and 
moves farther f rom the lake and flats, new ones 
form, rank after rank, in a seemingly endless 
procession. 

White Sands is a place of extreme and often 
rapidly changing environmental conditions, 
capable of support ing only specialized life forms. 
A few varieties of small creatures of bleached 
coloration have made the dunes their natural 
habitat because they are able to blend wi th the 
white background for protect ion against preying 
animals. These, together w i th plants that have 
special means for surviving the smothering sands, 
make up a living community—a dynamic life sys
tem. They are entirely dependent on each other 
and the gypsum dunes for their sustenance and 
well-being. 

ABOUT YOUR VISIT 
The monument is about 15 miles southwest of 
Alamogordo, on U.S. 70/82. There is no scheduled 
transportat ion to the monument, but rental cars 
are available in Alamogordo and Las Cruces 
(54 miles). 

An 8-mile scenic drive begins at the visitor center 
on U.S. 70 and winds into the heart of the dunes. 
A guide to the drive, corresponding to numbered 
posts along the roadside, is on the reverse of 
this folder. 

Stop at the visitor center before your tr ip into the 
dunes. Here, a short orientation slide program is 
shown and there are exhibits on the natural 
history of the dunes. 

Near the end of the scenic drive are picnic areas 
wi th tables, fireplaces, and comfort facilities. 
Pets are permitted on leash. 

Refreshments and souvenirs may be purchased 
f rom a concessioner in the visitor center. Over
night lodging is available in Alamogordo and 
Las Cruces. 

The nearest camping facilit ies are in Lincoln 
National Forest, 35 miles to the east. Information 
on camping can be obtained f rom the Forest 
Supervisor, Lincoln National Forest, Alamogordo, 
NM 88310, or at the visitor center. 

Park naturalists give evening programs on the 
natural history of White Sands in the picnic 
area on weekends in summer. Periodically, auto 
caravans are led to Lake Lucero, the place of 
origin of the sands. Other programs and tours are 
given by prior arrangement. 

REGULATIONS 
The monumen t is a w i ld l i fe p reserve ; all p lants 
and animals are p ro tec ted and mus t not be 
harmed or d i s tu rbed . Help keep the sands 
clean by using the f i replaces and refuse con
ta iners . Vehicles are res t r i c ted t o roads and 
park ing areas, fo r it is dangerous t o a t t e m p t 
t o dr ive on the dunes. Pets mus t be kept on 
leash while in the monument. Tunneling into the 
dunes can be dangerous, as collapse of the tunnel 
can cause suffocation. 



GUIDE TO THE DRIVE 

Watch for the numbered posts along the right-
hand side of the road; they are keyed to the 
following paragraphs: 

Post 1. The dunes to your left have become 
stabilized by vegetation. As the plant roots 
grow, they anchor the grains of gypsum, re
tarding the movement of these marginal dunes. 
Only a few species of plants are able to survive, 
but enough have become established among 
these fringe dunes to hold them in place. 

Please remain on the road. At turnouts ahead, 
you may park your car and climb more impres
sive dunes. 

Post 2. The low, grayish shrub so abundant 
here is fourwing saltbush; it should not be con
fused with sagebush, which is found in the 
colder, higher Great Basin desert much farther 
north. The leaves of saltbush have a salty taste, 
and are palatable to wildlife. Saltbush grows 
in the sands only among the more stable mar
ginal dunes like those to your left. 

Post 3. Ahead are the San Andres Mountains, 
which border the Tularosa Basin on the west. 
To your right, the high mountain in the distance 
is Sierra Blanca. Its crest is just over 12,000 
feet above sea level, and evidence of former 
glacial activity has been found there. Behind 

you, forming the eastern border of the basin, 
are the Sacramento Mountains. You are now 
about 4,000 feet above sea level. The largest 
nearby dunes are about 30 feet high. 

Post 4. One of the dramatic battles of nature 
is being waged in front of the shifting dunes 
to your left. Here the plants are struggling to 
gain a foothold and to keep their crowns from 
being buried by the sand. 

The dark-green shrub in the area to your right 
is iodine-bush. The name is derived from the 
color and appearance of the dried sap from 
crushed stems of the plant. 

A small playa, or dry lake, can be seen on the 
right as you approach the first sand dunes. 

Post 5. You are now entering the dune area. 
The large dune ahead and to your left is quite 
active and would soon bury the road if the sand 
were not frequently cleared away. Occasionally 
the dune wins the battle and the road must be 
rerouted. All the active dunes are slowly moving 
northeast, pushed by the prevailing southwest 
wind. 

It is much more difficult for vegetation to sur
vive in moving sand than in stationary sand. 
Among the few species of plants that can get a 
precarious foothold on the dunes are skunk-
bush sumac (squawbush), soaptree yucca. 

shrubby pennyroyal, rubber rabbitbrush, four-
wing saltbush, and Cottonwood. 

Post 6. To your right are several gypsum ped
estals. Plants were once growing on top of the 
dune, and their roots, penetrating deep into the 
sand, bound the grains together. The still-
active dune moved on slowly, leaving the col
umns behind. 

Post 7. Note the level depressions between 
the dunes. You may be surprised to learn that 
the water table is high here and in some of these 
depressions water is only a few feet below the 
surface. This water contains much gypsum in 
solution, but it provides moisture that many 
species of plants can use, which explains the 
growth of vegetation. On your left is a small 
Cottonwood, and to your right other cotton-
woods are visible. 

A section of the black-topped road on your left 
has been covered by shifting sands. 

Post 8. You are now entering the section of the 
drive that takes you into the heart of the dunes. 
The road from here on is pure, hard-packed 
gypsum. 

After completing the drive, you should see 
the exhibits at the visitor center, which explain 
many features of the area. A park ranger is on 
duty to answer questions. 



NATIONAL MONUMENTS 

National Parks and Monuments are both administered 

by the National Park Service, which is a branch of 

the Department of Interior; whereas the National 

Forest fall to the Department of Agriculture for 

management. The difference in parks and monuments 

lies in their creation. Monximents may be created by 

a Presidential Order, while the establishment of a 

park requires an Act of Congress. 

National monuments are "... those lands given the 

status under the Antiquities Act for the protection 

and prepetuations of the historic, prehistoric or 

scientific objectives or features that they may con

tain". 33 



WHITE SANDS NATIONAL MONUMENT 

The monument is about 15 miles southwest of Alamo

gordo, on U. S. 70/80. There is no scheduled trans

portation to the monument, but rental cars are avail

able in Alamogordo and Las Cruces (54miles). 

An eight mile scenic drive begins at the visitor 

center on U. S. 70 and winds into the heart of the 

dunes. A guide to the drive, corresponding to num

bered posts along the roadside is given upon pay

ment of $1.00 per car at the visitor center. Also 

available, are exhibits on the natural history of 

the dunes. 
.34 

Near the end of the scenic drive are picnic areas 

with tables, fireplaces and comfort facilities. Pets 

are permitted on leash. 

Refreshments and souvenirs may be purchased from a 

concessioner in the visitor center. Overnight lodging 

is available in Alamogordo and Las Cruces, as no ccunp 

ing is currently allowed in the dune area. The near-
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est camping facilities are in Lincoln National Rjr-

est, 35 miles to the east. 

Park naturalist give evening progreuns on the natural 

histoiry of the White Sands in the picnic area on 

weekends in summer. Periodically, auto caravans arê  

led to Lake Lucero, the place of origin of the sands. 

Other tours and programs are given by prior arrang-

ment. 35 



WHITE SANDS NATIONAL MONUMENT 

White Sands National Monument preserves the most spec

tacular part of the world's largest gypsum sand dune 

field - great rolling hills of dazzling white sand 

that provide a servere environment for the animals 

and plants which manage to survive in it. The monu

ment is set in the Tularosa Basin of southern New 

Mexico that extends for over a hundred miles between 

mountains and highlands, the remnants of a plateau. 

These mountains, including the forested Sacramentos 

to the east and rugged San Andres to the west, contain 

massive layers of gypsum rock that seasonal rains and 

melting snows have been eroding for centuries. Dis

solved gypsum is eventually carried to Lake Lucero, 

the lowest part of the basin at the southern end, 

where the warm sun and dry winds evaporate the lake, 

leaving it a gypstim - crystal encrusted marsh mush of 

the year. Capillary action draws the gypsum-laden un

derground water to the surface which, after evaporck̂  

tion , leaves extensive alkali flats north of the 



WHITE SANDS NATIONAL MONUMENT 

lake. Persistent scouring winds from the southwest 

disintegrate the crystals in the lake bed and the alk-

alai flats into brilliant white grains of sand, pile 

them into dunes and push the dunes across the land

scape as new ones are constantly formed. 

V 

The winds blow the particifts of gypsum, sometimes in 

a visible cloud, up the gentle windward slopes of the 

dunes as they continue to inch forwardly sporadically 

in a northeasterly direction. When the grains reach 

the dune crest they fall on the steep leeward side. 

Ripples on the flatter dunes are miniture examples of 

the same process. The dune area is now about thirty 

miles long and twelve miles wide. Dune peaks are as ;? 

high as fifty feet. 36 
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WHITE SANDS NATIONAL MONUMENT 

Lying fifteen miles to the west of Alamogordo, New 

Mexico on U. S. Highway 70, the White Sands is a sea 

of graceful, white gypsum dunes - a landscape of 

stark natural beauty. The absence of plant life in 

the interior of the dune field is indicative of the 

harsh physical conditions that prevail. There are on-: 

ly a few grasses and shrubs, along with small rodent 

and: reptile life, are able to survive between the 

endlessily migrating dunes. 

However, on the margins of the White Sands, the dunes 

have become relatively populated with flora and fauna 

able to withstand such physical conditions. These are 

there now, because over the generations a few natural 

ly vigorous plants became established, slowing the 

rate of dune movement to allow others to take root 

hold. This developing plant community attracted ani

mal life from the adjacent desert, which became fit 

to live on the dunes through evolutionary adaption. 

Thus the dunes are now an ecological complex of un

expected variety and diversity. 



WHITE SANDS NATIONAL MONUMENT 

These marginal dunes (area 1) extend into the dune 

field two or three miles from its' southern and east

ern boundary. Most of the dunes in this heUsitat are 

scattered and are separated by large grass land are

as. Although the dunes are still the prominent fea

ture here, the effects of vegitation in slowing the 

rate of dune movement is very evident. 

Large shrubs such as skunkbrush sumac and hoary rose-

marymint anchor the edges of the dunes, allowing 

movement only in the central portion, thus the dunes 

becomes parabola shaped. 

V 

Next come the transverse and barcham dunes (area 2). 

Here the physical forces of nature reign supreme. 

These large, free moving dunes creep forward many 

feet per year, overwhelming all plant life in their 

paths. Sand verbena, common in most parts of the 

White Sands in the spring and summer, produces color

ful pink blooms against the sterile white of the dune 

flats. J\ 
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The transverse - barchans dunes grade to the west 

into a narrow zone of embryonic dunes (area 3). The 

latter mark the eastern boundary of the alkali flats 

(area 4). Here, alkaline conditions prevent the grow

th of plant life except for a few scattered grasses 

cUid a scaley pseud-evergreen known as piclewood. 

There is no pleuit growth in the dry bed of Lake Lucero 

(area 5) due to alkaline conditions and infrequent 

flooding. However, alkaline tolerant grasses sparsley 

fringe the shore of the lake. 
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CLIMATIC FACTORS 

This high desert basin, averaging four thousand feet 

in elevation is subject to harsh, and sometimes rap

idly changing climatic conditions. Summers are hot, 

averaging ninty-five degree highs in August and July, 

with frequent readings over one hundred degrees. Win

ters are relatively mild, but night time temperatures 

often go below freezing and cold spells can send the 

mercury to below zero. The lowest on record is a mi

nus twenty-five degrees. Snowfall is infrequent, but 

heavy snows have occurred on occasion. Precipitation 

averages about eight inches per year, with most of 

this occuring during summer thunderstorms, often ac

companied by heavy hail. 

Wind is the dominant factor here, especially from 

Ifebruary through May. The prevailing southerly winds 

blow unimpeded across the desert and at times reach 

gale proportions. Sometimes, storms last for several 

days in the spring. This is the time of the great 

dune movement, when living conditions for the dune 
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CLIMATIC FACTORS 
plant and animal communities become extremely harsh. 



TOPOGRAPHY 

The average for elevation of this high desert basin 

is four thousand feet. Dunes rise from a few feet 

along the west to heights of sixty-five feet in the 

interior dune fields. These interior or Barchas Dunes 

will average fifteen feet a year movement. Hence, no 

topographic maps exists of the area. All recording of 

diuie movement is done by aerial photography; the 

White Sands Missile Range provides the Park Service 

with these photographs. If possible, aerial photo

graphs of the specific site will be obtained from 

the Park Service during the design phase. 

nib 



SOIL ANALYSIS 

Contrary to what one might be lead to believe, the 

dunes do not extend below the surface. Between and 

under the dimes lie hard packed alkali flats. Bear

ing upon the soil will present no special problem, 

as it is considered among the hardest in the world. 

This evident with the placement of the missile launch 

ing facilities nearby. One point, however, must be 

considered in foundation design. The shallow water 

table of thirty inches to eighteen inches may re

quire special consideration andJplanning. 

u 
MMHMI 
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UTILITIES 

All utilities must meet USPHS health and safety stand

ards. 

Water is available at the present Visitr Center at a 

pressure of sixty psi. It is supplied by the city 

through Holloman Air Force Base via a three inch line. 

This line will supply nine hundred thousand gallons 

per month at a rate of twenty gallons per minute. A 

one hundred thousand gallon elevated storage tank 

some two hundred feet northeast of the center is used 

for storage and pressure. 

The new complex will require one million five hundred 

thousand gallons of water per month, thus the three 

inch line must be replaced. A new line will extend a 

minimirai of thirty thousand feet to the observatory. 

A tank type water closet is recommended to reduce 

friction loss. Planning should include a peak demand 

factor of not less than two hundred gallons per min

ute. Iron and other metals corrode rapidly in the 

2 
4 



UTILITIES 

soil, therefore, protective steps should be taken 

with the piping. It is recommended that a two hundred 

thousand gallon storage tank (elevated) be located 

near the obsevatory for use in case of an emergency-

ELECTRICITY - The Otero Electric Co-operative services 

the existing Visitor Center via a 7200 volt overline. 

The new service will be underground, keeping mind 

the ideal of keeping the monument as free from man 

made objects as possible. Due to the length of the 

run, a primary service with step down transfojnners 

is recommended. 

GAS - Due to the nature of the site, the climate, and 

corrosivenature of the soil, no natural gas will be 

extended to the new facilities. The small heating 

load will be handled by electric units. The water 

heating and food perparation will also be electric. 

V 
COMMUNICATION - An underground system of telephone 
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UTILITIES 

communications will be utilized from the observatory 

to the Visitor Center. At present, a radio-phone sys

tem is used to communicate between the dune area cUid 

headquarters. This system will remain in the future 

to communicate with service vehicles. An additional 

telephone intercom system will link fahe center to 

headquarters, requiring additional underground lines. 

^ 
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U. S. N A V A L O B S E R V A T O R Y 

WASHINGTON, D. C. 20390 

17 July 1972 

Dear Mr . Clarke : 

In reply to your le t te r of 12 July concerning con
ditions to be met in r ega rd to the select ion of a s i te for 
a so lar observa tory , I bel ieve you should d i rec t your 
inquiry to those inst i tut ions in the southwest which a r e 
cur ren t ly engaged in solar r e s e a r c h : 

These a r e : 

Kitt Peak National Observa tory 
950 North Cher ry Avenue 
P . O. Box 4130 
Tucson, Arizona 85717 

Sacramento Peak Observa tory 
Sunspot, New Mexico 87544 

High Altitude Observatory 
Boulder , Colorado 80202 

Sine 

"k. Aa, STRAND 
Scientific Di rec to r 

Mr . Robert S, Clarke 
2117 14th St ree t , Apar tment A 
Lubbock, Texas 79401 
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LEANDER MCCORMICK OBSERVATORY OF THE UNIVERSITY OF VIRGINIA 

P O S T O F F I C E B O X 3818 UNIVERSITY STATION , CHARLOTTESVILLE, VIRGINIA 22903 

1 August 1972 

Mr. Robert S. Clarke 
2117 14th Street, Apartment A 
Lubbock, Texas 79401 

Dear Mr. Clarke: 

Yo\ar letter to Harold Alden has been passed along to ms as his successor 
for a response. 

Your project sounds very interesting and to answer the heart of your 
questions vJhLch are contained in yoiir second paragraph would take several 
hours of dictation. First of all, the operation of the two telescopes are 
quite different and the detailed procedures bear almost no resemblance to 
each other. The administration of an observatory, etc, is prc±)ably similar 
all over the world and could be c±)tained fron almost anyone. May I call your 
attention to the fact that there is a large Astronot^r Department at the 
University of Texas in Austin and I would like to suggest that you visit 
the University of Texas and interview the Director of the McDonald Observatory, 
•who happens to be the Chairman of the Department there in Austin. His 
name is Professor Harlan Smith and it would be wise to contact him by 
telephone in advance. 

The Observatory itself is near Ft. Davis, Texas v*dch, I think, is 
not too far from Lubbock and there is another observatory at Mew Mexico 
State University vfcLch is just north of El Paso, Texas. 

I hope this information is of seme use to you and, I am ^ 

Sinceifely yours 

Laurence 
Director 

LWFrlad 

\' -y,,... ..rr /U^^, 
' Laurence W. Fredrick 

TELEPHONES: 

OFFICE: 70S-924-S47S OBSERVATORY: 70S-924-7080 
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ALLEGHENY OBSERVATORY 
OF THE 

UNIVERSITY OF PITTSBURGH 

RivERViEw P A R K 
PITTSBURGH, PENNSYLVANIA 15214 

July 31, 1972 

Mr. Robert S. Clarke 
2117 14th St. Apt. A 
Lubbock, Texas 
79401 

Dear Mr. Clarke: 

'A solar observatory is a yery specialized 

type of installation, and since I am not a solar 

astronomer, I can give you yery little information. 

Today, the trend is to build them in the middle of 

lakes. I suggest you write to Dr. Earle B. Mayfield, 

5536 Michelle Drive, Torrance, California, 90503, who 

is much more qualified to answer your questions than 

I. 

Sincerely, 

Wallace R. Beardsley 
Research Associate 

WRB 
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In the development of this thesis, one would strive for arch

itecture which contains integral relationships with the environ

ment - architecture which veers away from dominant or monumental 

characteristics. To create architecture which could isxist only 

within the context of the great-wavelike dunes of gypsum sand 

is the prime concept of this thesis. 

'•^J 

Due to the fact that the sands are constantly moving and form 

dunes as high as fifty-five feet, a structure form had to be 

created that would not be buried by the dunes. In this area, 

all the dunes have a characteristic shape - this is true not 

only for the fifty foot dunes but also for the smallest ripples 

on their surface - they all look parabolic in plan. With this 

fact in mind during the entire design process, a form for the 

Observatory was derived. Consequently, the result is a form 

structure which is parabolic in plan and is also very similar 

to the dunes in elevation also. At this point a study model 

was built and several studies were made of the effect of the 

moving sand upon the model. Under all conditions the sand did 

not accumalate in any greater heights than it did when the 

V. 



structure was not present in the dune field. 

Because the instruments in the facility are very precise, an 

aerodynamic form was necessary to reduce any movement or 

vibration to a minimum. For example, the movement of the 100 

inch solar heliostat weighing some 80 tons, must be kept to not 

more than .001 inches to produce the clearest possible image. 

Although the wind in this area is almost constantly blowing, it 

usually never exceeds 5-8 miles per hour, but on occasion it 

has been known to reach gale velocity (60 m.p.h.). A study in 

aerodynamics was made through research at various libraries 

and through personal interviews with various people concerned 

with airplane design and construction. The data gathered was put 

to use in the design of not only the main structure form but 

also in the shape of the primary and auxiliary domes. To fuch 

further reduce vibration, the 80 ton solar heliostat and the 

900 ton 210-inch stellar telescope were separated by placing 

each of them on individual piers with neoprene joints inbetween 

to isolate and mute all vibrations occuring. 

Through the past years experiments have been made by various 

.<iB.mri —.1 M'-



astronomical institutions as to the height of a telescope above 

the ground and what effect this had upon the 'seeing' character

istics of that particular telescope. It was found that a much 

preciser image was produced when the telescope was placed 100 

feet or more above the surface of the ground. It was determined 

that the reason for this significant improvement was due to the 

fact that the heat waves rising from the surface of the ground 

caused distortion and these heat waves had diminished by the 100 

foot level. Therefore, using this information, both the 210-inch 

stellar and the 100-inch solar heliostat were placed 170 feet 

above the hard packed alkaline flats of the basin. This 170 foot 

elevation is based upon the fact that the maximum dune height is 

55 feet in some areas, therefore, the telescope and heliostat are 

actually 120 feet above the surface of the gypsum sand. 

A design factor which was determined by the global latitude of 

White Sands National Monument was the angle of the solar tele

scope. Since White Sands is located on the thirty-third degree 

latitude the angle of the solar telescope was required to be 

thirty-two degrees (32), which means that with the heliostat 



170 feet above the ground approximately 235 feet of the solar 

telescope will be exposed to the elements. 

Since several different kinds of activity were to occur in this 

structure, each activity circulation was throughly studied and 

a pattern of separation was followed. To have activities occurring 

at one time without interference from one another is of upmost 

importance in this type of facility. 

To further isolate vibration and so that they would be kept at 

a minimum, the intensity of activity was arranged in a definite i 

pattern. The greatest amount of activity being on the ground 

level, with each level above that decreasing in the amount and 

intensity of activity. Therefore, the least amount of activity 

is on the top floor next to the large dome containing the 100-

inch solar heliostat and the 210-inch stellar. 

To design an Observatory which is more advanced both in scientific 

equipment and the architectural design, than any of the past or 

present facilities. Since so many new astronomical inventions 

have been created in just the past few years there should be J\ 



well designed structures to accomodate these precision instru

ments . 
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As discussed in the Design Concepts, the division of each ' 

activity pattern was \iery important not only on the scientific ' 

view point but also with the social and architectural points. | 

The location of the observatory actually within the monument 

will aid in bringing more people to the monument and on the 

other hand, peole who were coming to or viviting the monument 

would most likely want to visit the observatory. Because the 

movement pattern of the visitor does not fit in with the daily 

activity of the astronomer, their pattern of activity had to be 

very carefully considered. With all of this in mind, a series 

of spaces for the visitors to move about within were created. 

These included an entry tunnel ( a separate entry from that for 

the staff), lobby, and at the third level a visitors center 

and museum. At the third level, access was provided for the 

visitors to enter both of the 18-inch and 36-inch stellar tele

scopes, thus providing a means of circulation other than that for 

the astronomers. 

For the visiting astronomers, indidvidual parking spaces have been 

provided (each reserved for that purpose) and on the second 

file:///iery


level, living quartersshave been provided, each containing a 

small living area, bedroom, private bath, study area with draft

ing table and an ample amount of storage for one astronomer or 

in some cases two graduate students. 

The entire external form was created by the functional aspect 

of the Observatory. The domes being a low frontal area aero

dynamic shape with the main building designed as to not be 

biried by the moving sand. The rest of the exterior form occurred 

due to the structural requirements of the domes and the cir

culation pattern necessary for the visitors. 

Internally, an exciting sequence of experiences has been provided 

for the visitor. After the scenic drive to the entry of the 

Observatory, the visitor is brought to the entry of a small 10 

foot diameter tunnel which leads to the visitor lobby. It is 

at this entry that the visitor can feel the enormous mass and 

scale of the structure; with the large 180 foot diameter dome 

some 120 feet above the ground supported upon a 42 foot diameter 

pier with walls 3% feet thick. After traveling through the 

tunnel the visitor enters a small lobby with graphic instructions 

V^ir 
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as to were he should go next, etc. This lobby is located on 

the ground level as is the entry, along with the parking for 

49 cars. From this somewhat tight space the visitor enters the 

visitors center which occupies the entire third floor. 

L 
imsssasBBEmr 



'.V -u-^-r. 

?»1 

•fW^;^B!'^^flS^?T??????*'^^"?*!W^^W!!*' 

ill 
• p i 

•'!m 

mi: 

:i^y^:^.;Hi^ 

• ' - • " ' ' -^I 'H'• '"" 

._-r.;~:--v-.rjf;^7f^T::-.-.My.^ 

^•': iV-

^^^';:c^L>':'""^\.-t'.^:tVvC"; t: 

' v;-: -. ^.;>^-. ':'^>>ri;=?"''^-i-trJ -.-'I'-'-vc'' 

' ; • ' , : y \ ^ ; . ' - . \ ; . -"• IVV""'. ' • - ' • • '" - ' • ' '— .-•, .'•• 7 •• ' • - , "*" 'y-.^ > I i - * ^ ' ^ ' ; i ^ ^ " - * - 4 ^ . ~ ? j * 4 e - ' • v T ' ' ' ' " ^ i ; r 5 ^ ^ . * [ •. ''\ •'• ."'• ••"-^ •" ' • ' . - " i-' ' - ' ."' • • ' ' • ' '- V i - ' ' - •''• '• ' ''• '' ^ '•','•••"';-•''- ,; ' "^' -• - • ' " ' 

,;.,". .r/*-",-'- r-V-.-r 

* •: r-y isySS:ih:':. •: i-y: yv; c :y,, 

; 5 

mmik 



The structure systems used within the Observatory were utilized 

because of their adpiptiveness to this particular structure, in-

expensiveness, and the esthetic quality. 

Because of the moving sand, a structure system had to used that 

would allow quick construction and also a system which could 

resist the corrosion from the gypsum sand. 

The two large piers used, on which the solar heliostat and the 

210- inch stellar rest, are the main structural elements of the 

building. From these, a large tension ring is formed and poured 

to specifications. At this point in construction, tensioned 

steel cables will be installed forming the body of the structure. 

From these steel cables, floors constructed of a double pan 

formed concrete system will be supported along with the added 

support of the two large piers. Both the large 180: foot dome 

and the two 85 foot diameter domes are framed by a rib system 

of beams, pre-curved to the desired specifications and then 

covered by a sheet metal which actually results in a stressed 

skin unit. 

k 



The floors of the double pan formed system range from 4% feet in 

thickness to 2 feet in thickness, depending upon the live load 

and spaning distances necessary for that particular floor level. 

This floor system was utilized for its spaning distance to slab 

thickness ratio and the exciting esthetic qualities possible 

with such a system, utilizing many different forms of lighting 

and ceiling texture treatments. 

The rib system of the domes decided upon was choosen do to its 

adaptablity to the eliptical shape of the domes. Several other 

structure systems were analyzed including a Mery complex geodesic 

system, and the rib system proved to be even superior to it, 

even though the geodesic system was difinitely lighter and it 

inital expense being much greater. 

The cable system of the main body not only offered the greatest 

amount of interior space, but with the same token provided the 

most readily constructed system. When the concrete is poured 

over these cables, a post tension system is formed, considered 

to be one of the best sysytems for this particular purpose. 



The pier which supports the 100-inch solar heliostat is 34 feet 

in diameter, and is connected to the tunnel of the solar te le

scope (32 degrees from the hor izont ia l ) ; wall thickness is 18 

inches. Similar to the heliostat pier, is the pier which supports 

the 210-inch s te l lar (900 tons); the only difference in i t being 

that i t is 42 feet in diameter and also supports a large portion 

of the stress from the 180 foot diameter dome, which weighs 

approximately 300 tons. The weight of the dome is mainly held 

by triangular supports from the dome f loor to the upper portion 

of the pier (at this point the pier walls increase from 3J5 to 

4Jg feet) . Likewise, the piers which support both of the domes 

which shelter th 36 and 18-inch s te l lar telescopes, are struc

tural ly designed the same as the 210-inch s te l la r ' s only pro

portionally smaller (20 feet in diameter and having walls 12 

inches th ick) . 

5 
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The functions of each of the telescopes is what contributed the 

most to the final solution due to the fact that the facility 

is being built for the operation, protection and maintenance of 

these telescopes and without this no observation and research 

could be conducted. 

The solar telescope was the most dictative of the instruments. 

The heliostat (which collects the sun's rays) is required to be 

at least 100 feet above the surface of the sand. From the helio

stat to a point 240 feet below grade, the light must travel 

at a 32 degree angle from the horizontal, due to theobservatory's 

location on the earth. From this second point, the light must 

travel another 310 feet before coming to a focus on the solar 

observation table. 

The only factors which the function of the 210-inch, two 18-inch 

and the two 36-inch stellar telescopes controlled were the height 

of the dome, the width of the shutter ( the opening out of which 

the telescope views), and the 360 degree rotation of the domes. 

Because both the 100-inch solar heliostat and the 210-inch stellar 
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telescope were best placed at least 100 feet above the surface 

of the sand and the fact that both were functionally more 

effective when placed as close as possible to each other, both 

were enclosed under one common dome, thus reducing the cost of 

separate domes and the greater wind resistance created by the 

use of two domes. Even more important to the astronomer is the 

fact that the heliostat and 210-inch reflector in the final 

solution were only 55 feet apart and enclosed in one structure 

also containing all the necessary auxiliary computers and 

spectrographs. This also means that visitors can see both 

instruments at the sams time and can see both in connected 

operation. 

The four other stellar telescopes (two 18-inch and two 36-inch) 

were placed in pairs in two separate domes because of ther involved 

functions. The two 18-inch telescopes form what is called the 

meridian group - that is star location. One of these instruments 

is placed in each of the 85 foot diameter domes, one for east 

and west observation and the other for north and south obser

vation. The two 36-inch telescopes (one in each of the domes) 

are for photographic studies as well as for the use of graduate SS 



student research and instruction. These two domes are connected 

by two circulation tunnels, one above grade for visitors andi:. 

the other below grade for astronomers and the necessary main

tenance work. 

One other aspect which controlled the design of the structure 

was the parking for the staff, visitors, astronomers and graduate 

students. Due to the characteristics of the sand, enclosed 

parking for all of the staff cars as well as for the astronomers 

and graduate students. Visitors, since they only require park

ing space temporarily (1% hours normally) were given 19 spaces 

for their convenience. These spaces will actually only be a 

portion of controlled sand which would be maintained for this 

purpose only. 

As described earilier, the floors were arranged according to 

the type and intensity of activity which occured on it, with 

the amount of activity decreasing as the floors progress higher. 

All of the activities were grouped into categories and then 



r 
placed on the apporpriate floor level. Jhese include: 

Ground Level 

2nd 

3rd 

4th 

5th 

6th 

Main Dome 

Basement 

Parking, visitors lobby 

Living Quarters, Lounge, Cafeteria, Kitchen 

Lecture Hall, Conference Room, and Exercise 

Area 

Visitors Center, Museum and Library 

Administration, Mechanical Room 

Computers 

Photographic 

100-inch solar Heliostat and 210-inch Stellar 

Solar Observation Room, Instrument and Optical 

Shops and Mirror and Lens Testing. 
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Exterior material selection was important due to the acid 

characteristics of the sand and the effect it has upon most 

contemporary metals. All material surface exposed to the out

side is either reinforced concrete or anodized aluminum to 

become a permenant structure, which the sand can not effect. 

During the inital phases of construction, the sand would have 

to be removed from the immediate site, after which the basement 

and solar telescope tunnel would be escavated and all walls 

would be formed and poured. During this particular phase, the 

escavated area would have to be continuously pumped, because of 

the 18 to 32 inch water table characteristic to the site. Next 

the piers for the solar heliostat and the 210-inch stellar would 

be constructed by a slip form method in a continuous pour. When 

these are completed a structural tension ring would be formed 

and reinforced and poured with concrete while constructing at 

the south end of the structure the above grade portion of the 

solar telescope which is also made of reinforced concrete but 

is pentetrated with rows of h inch copper tubes which carry 

the heated or chilled liquid used for temperature control of 



the heliostat. Not water, this liquid is similar to antifreeze 

in that it is an oily substance. 

After all these main structural elements have been constructed 

the foundations for the tension cables can be reinforced and 

poured with concrete. 

note: there will be concrete manufacturing facilities on 
the site during the super-structure construction 
phases. 

With all the foundations prepared, the steel cables can be strung 

and tensioned to the correct stess point. The building will now 

be almost entirely enclosed with only the pouring of concrete 

over the cables to be performed. Also at this point all specified 

windows, grills, and fire escapes will be installed. 

With the entire structure totally enclosed, construction can 

begin on the interior portions without the constant fighting of 

the movement of the sand. 

First the parking area would be surfaved with asphalt to allow 

! L 



for the movement of trucks within the structure. Following this, 

each floor system would be formed and poured stating with the 

sixth floor (photography) first and after construction raising 

each floor to its perspective location.by the use of hydralic 

jacks and cranes supported by the pier of the 100-inch solar 

heliostat. 

The construction and installment of interior partitions will be 

done when all the floors have be completed. Partitions are of 

the steel stud type with plaster covering. 

Both the large and the two smaller domes will be constructed of 

aluminum ribs with aluminum sheet metal both inside and out with 

the necessary air space and insulation inbetween. Even though 

aluminum has a high coeficient of expansion ( 2 times that of 

steel) it was found to be a far superior material to steel in its 

resistiveness to the alkaline corrosion when anodized, and easier 

to construct due to the double curved surfaces necessary in the 

designed form. The aluminum sheet metal, cut into 8' by 12' 

panels will be fastened to the aluminum ribs by the use of an 

^ 



epoxy cement such as that used by aircraft manufactures. To allow 

for the necessary expansion of the aluminum panels, a special 

slip joint will be utilized in construction. The shutter door 

will be of the same construction as the dome, that is, an aluminum 

rib system with anodized aluminum panels both inside and out. 
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To provide ease of vertical circulation of personnel and visitors 

within the structure there is one electrically operated elevator 

(2000 pound capacity) of the double cable type allowing for 

the necessary motors, brakes, and cable reels to be placed in the 

sub-baesment. This type of elevator has been utilized because 

of its low vibration and low height necessary for the upper 

equipment room. 

To provide for movement of large fright articles from floor to 

floor there has been provided one 6000 pound capacity feight 

elevator of the single cable electrical variety. This elevator 

will primarily be used for the delivery of supplies to the 

optical and instrument shops and also for the delivery of food 

and supplies to the kitchen. On occasion this elevator would be 

used to transfer computer paper and photographic supplies to 

their specified areas.Both elevators will be heated, vented and 

lighted according to the specifications. 

Enclosed within the building are two mechanical equipment rooms, 

one containing equipment necessary for the heating and chilling 
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of the liquid used for the radiant system of the solar tele

scope and the other space being designed to contain the equip

ment necessary for adequate conditioning of the air in all spaces 

which are to be controlled. 

The mechanical equipment room for the solar telescope is located 

on the ground floor level with access for a truck into the area. 

Within this space will be two 500 gallon capacity storage tanks 

(for the circulating liquid), one boiler, one compresser, one 

condenser and two banks of evaporators. This equipment serves 

only the radiant system of the solar telescope and no other areas. 

The space allowed for mechanical equipment on the 4th floor , 

which is the location for all equipment necessary to control 

the environment, is large enough to contain all equipment and 

enough storage space for maintenance items and tools. At the 

particular area is a system of grill work for the proper heat 

exchange and return air on the interior. 
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Site selection was made by following the site criteria section 

of the inital program. The most important factors of these were: 

White Sands has an elevation of 4500 feet above sea level; 

this area has a large number of days of sunshine and is highest 

amoung the areas of solar radiation. To make White Sands an 

even more desirable site is the fact that since it is Federally 

owned the site for the Observatory was obtained without charge 

and it is located just across the highway from White Sands 

Missile Range, were rockets can be sent up carrying scientific 

equipment of the Observatory's. 

With the Observatory located in the heart of the dunes near the 

scenic drive which enters this area, it was a simple matter to 

create a continuation of this road to the entry of the obser

vatory. There are no provisions for pedestrian travel outside 

of the Observatory's walls. 

The placing of the building on the site was determined by its 

nearness to the proposed Interpretive Center in the heart of the 

sands and upon the distance from any lights of the area that 

would produce an undesirable glow. 'II 



The orientation of the building was based on the solar telescope 

which must point to the north star and by the prevailing winds 

which are from the southwest. The location of the entry 

tunnels are due to these prevailing winds as was the entire 

form of the building. 

The characteristics of the sand and the forces created by the 

wind were the factors which controlled the special visual 

character of the building. 

The was no site development except for the visitors parking 

area which would have to be peroidically graded. 

Utilities will be connected to those of the Interpretive 

Center with the addition of a 2000 gallon water storage tank 

for aid in the case of a fire. 
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