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Preface 

ftiis study is an effort to trace the decision-making process which led 

to the construction of the largest, most expensive, and most sophisticated 

ground-based astronomical instrument ever built. The author was closely 

associated with the early development and design of the VIA, and with its 

promotion as a concept within the scientific community. 

The need for the VLA was recognized in the late 1950's. The decade of 

the 1960's was spent in developing the technical concept and method and in 

attempting to secure financial and administrative support for the program. 

The construction of the instrument occupies most of the 1970's, with full 

operation expected in 1980. The long construction period is dictated in 

large part by the incremental funding pattern established for the project, 

rather than by technical considerations. 

A chronological framework has been adopted for the study. The data 

have come from personal interviews with government officials and radio as-

tronomers who were involved in the process, from correspondence from the 

files of the National Radio Astronomy Observatory and of members of scientific 

advisory committees, and from the author's personal files and recollections. 

The decision-making history of the project is quite well documented. A very 

few conclusions were necessarily arrived at by implication; these have been 

identified as such. 

Most of the government officials interviewed strongly emphasized the 

political realities of the decision-making process. The radio astronomers, 

on the other hand, take a much more idealistic view. The result is that the 

scenario that has evolved for radio astronomy instrumental development departs 

from any of the models postulated by the reports of the various scientific 
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I. Historical Summary of Radio Astronomy: the search for angular resolution 

and sensitivity 

Radio astronomy had its genesis as a science in the experiments of 

Karl G. Jansky of the Bell Telephone Laboratories, who, in the early 1930's, 

demonstrated that our Galaxy, the Milky Way, is the source of electromagnetic 

radiation at radio wavelengths. This discovery was exploited by Grote Reber 

of Wheaton, Illinois, who established the basic instrumental principles of 

radio astronomy and investigated the radio emission of the Galaxy and the sun 

in the late '30's and early '40's. 

In the early post-World War II years, British and Australian radio 

astronomers discovered a number of other discrete radio sources and attempted 

to measure their angular sizes. In many cases, only upper limits could be 

established, as the observational techniques then in use were incapable of 

resolving more than a few cosmic radio sources. In order to obtain better 

resolution than was obtainable with single-reflector antennas or contiguous 

phased-array systems, the British and Australian laboratories made early ex-

periments with radio-interferometers, long-wavelength analogs of the classi-

cal Michelson interferometer of optics. Such a device generally consists of 

two more-or-less similar antennas, positioned well apart and connected by 

long transmission lines. Its output response depends strongly on the angular 

size of the source and the distance between the antennas. Thus, if the dis-

tance can be varied, or if several different antennas are available, the 

source structure can be recovered from a series of measurements made with 

various antenna spacings, or "baselines". In technical terms, the response 

of an interferometer with a given baseline is the coefficient of a corre-

sponding term of the Fourier series representing the brightness distribution 
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of the radio source on the celestial sphere. Observation with a sufficient 

number of different baselines enables one to sum the Fourier series and thus 

to reconstruct the brightness distribution of the source. 

An advantage of the interferometer is that it can be made very large 

without incurring impractical costs or structural difficulties. Despite the 

recognition by radio astronomers in the early 1950's of the possibilities of 

"aperture synthesis" by interferometers, several practical difficulties pre-

vented the early implementation of the principle in its full generality. 

These involved the state of the art in electronics and in large-scale digital 

computation, neither of which were sufficiently advanced at the time. 

Instead, compromise designs were used which were less dependent on 

computational capacity and on the stability and reliability of electronic 

components. These included the "cross" - type antennas pioneered by Mills 

and Christiansen at Sydney, Australia and the synthesis interferometers of 

Ryle and his group at Cambridge. By the late 1950's these instruments were 

producing catalogs which included thousands of discrete, cosmic radio sources. 

To detect a discrete source one must be able to distinguish it from its 

neighbors. This is the "confusion" problem. Its solution requires high 

resolving-power, or, equivalently, a narrow "beam". In addition, one must be 

able to detect the extraordinarily faint radiation from the source; this, in 

turn, requires that the telescope possess large collecting area. In a single-

reflector telescope both resolving power and collecting area improve as the 

antenna diameter is increased. In an interferometer, however, only the re-

solving power improves as the baseline is lengthened, other parameters 

remaining fixed. 

The early catalogs produced by the Sydney and Cambridge groups contained 

little information concerning the spatial structure of the sources therein. 
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The measured source positions were generally insufficiently precise to permit 

unambiguous identification with sources detected by optical telescopes. Thus, 

though the confusion problem had been solved to the degree necessary to demon-

strate the existence ot thousands of cosmic radio sources, it was widely 

recognized by the end of the 1950's that much better angular resolution and. 

sensitivity would be needed to permit further advances in radio astronomy. 

At that time, the original Mills Cross antenna had a beamwidth of 50 arc-

minutes. Nobody knew with certainty what resolution would ultimately be re-

quired, but radio astronomers rather wistfully regarded the one-second 

resolutions regularly obtained by optical astronomers as an ultimate, perhaps 

unrealistic, goal. 

II. American Radio Astronomy 

Although the founding discoveries in radio astronomy were made in 

America, the principal activity during the decade of the 1950's occurred in 

Australia, Britain and Holland. This period saw the early cataloguing of 

discrete sources and the detailed continuum mapping of the Galaxy. In 1951, 

the 21-cm spectral line of neutral hydrogen was observed in the galaxy by 

Ewen and Purcell at Harvard, confirming an earlier prediction by van de Hulst 

of Holland and adding important new dimensions to radio astronomy. By 1954 

there were radio astronomy research programs in being at Harvard, the Naval 

Research Laboratory, the Carnegie Institution of Washington, and Ohio State 

University, using small parabolic antennas or improvised arrays. Leading 

astronomers and radio physicists of America had become concerned at what 

seemed the slow-paced development of the science; as a result, a substantial 

program of support for radio astronomy was undertaken by the Office of Naval 

Research, the Air Force Office of Scientific Research, and the newly-established 

National Science Foundation. This resulted in the establishment of general-
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purpose parabolic telescopes in the 85-foot class at Michigan, Berkeley (Hat 

Creek), the Naval Research Laboratory, and the Harvard facility at Ft. Davis, 

Texas. Larger, special-purpose instruments, mainly for cataloguing, were 
* 

built at Illinois and Ohio State. In 1955, John Bolton, of the Australian 

group, came to Caltech to establish a broad radio astronomy program and to 

found an American school of interferometry, constructing two 90-foot antennas 

on a system of railway tracks. This program was financed by ONR, as were many 

of the other major programs. Cornell University began construction of the 

1000-foot spherical telescope in Arecibo, Puerto Rico, with funds from the 

advanced Research Projects Agency of the Department of Defense. This instru-

ment was designed to be used largely for upper-atmosphere research, but assumed 

great importance in astronomy, as well. 

In this same period the National Radio Astronomy Observatory (NRAO), was 

being established as a laboratory of the National Science Foundation, operated 

under contract by an autonomous non-profit corporation, Associated Universities, 

Inc. (AUI) sponsored by nine universities, each of which nominates two trust-
ieie 

ees. The purpose of the NRAO is to provide large-scale observing facilities 

to radio astronomers regardless of institutional affiliation. The initial 

intention was to supplement but not to supplant the radio astronomy programs 

of the universities and the other private and governmental laboratories. 

A site for NRAO was chosen at Green Bank in the Allegheny Mountains 

of West Virginia, to avoid, insofar as possible, locally-generated radio 

* 

A number of programs of radio astronomy of the sun and Jupiter are omitted 

from this discussion as having little bearing -pm-fê e VLA Case History. 

AUI also has some "at large" Trustees elected by the Board without regard 

to institutional affiliation. See also the report on the establishment of 

the Brookhaven National Laboratory, by Leland Haworth. 


