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THE DECISION O BUILD THE VERY LARGE ARRAY
Intreduction .

Tha idea of budlding a large array of radie teles. opes developed abeut
1960, Some twelve years later Cangress authorized ths oenstruotion of the
Very large Array, &n aasemblage of 27 dishes, arranged in the ahaps of a X,
in whioh eaoh arm is 21 km long. This enermous instrument is expected to
be capable of a resoluticn of 1 second of aro, making ita resolution
owmm&dutmtwoﬁhﬂtﬂummm‘nummwnnunmmdtm
end of a lengthy cenfrontatien between advocates of other instrumants,
whoge relative merits were weighed by several committees and government
axencies, When the declision wan finally made, it was essentially a consenaus
ghoics of the country's moat influential astronomers, whose unanimity
oonvinocad the government that the VLA was worth building,

The Whitford Panel .

About 1960 the National Soiencs Foundation sstablished a committee of
radie astrenomers, headed by John Pierce of Bell Telephone Lgboratoriaa. to
consider the future of radio astronoﬁy. Their report, which appeared about
1962, reoommended.1 ameng other things, the constructien of an array ef |
radie telescopes with 1 mimite of arc angular resclution, Meanvhile the
Natienal Redie Astronomy Observatory at Green Bank, W, Va, was being
seatablished, When its direotor, 6tto Stmive, retired, he interested Joseph
Pawsey in coming to Green Bank to assums the job, While still in Auatralia
Pawasy mpoke and wrote privatelyi on the need for a large, high-resolution -
array to be built at NRAO. Before he was able to take over, Pawassy died and
David Heosohen was appeinted first interim director and then director, In

Saptember 1962 Heeschen issued & memo to NRAO staff assigning responsibilitiea
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for tha VLA,

Late in 1961 the Committes on Hoience and Publié Polioy of the National
Acadeny of Selences established a FPanel en Astronomical Facilitiea.z headed
by A.E, Whitford, who was then direotor of the Lick Observatory of the Undiv-
orsity of Californis, During the Panel's deliberations, the members met
with Heeschen in Ootober.1963, The Whitford report, issued in 1964, made
recommandations in optical astronesy, radio astronomy and auxiliary
instruments and automation, The commitisse's highest recommendatien for
radio astronomy was that a very large, high-resolution psnoilebeam array
with low sidelobes be oonstruoted as & national facility, Suech an arrey,
the Panel said, might consist, for example, of abeut 100 individual
parabolic dishes, each about 85 fest in diameter, The estimated cest was
$40 million, The array meant was presumably the VLA, then being studied at
NRAO,

The Whitferd'gommittee's aecond recommendation was for a hlgh—resolution
array conaisting of about eight antennas, teo be built at the Osens Valley
Obssrvatery, at & cost of $10 million, Thirdly, the Panel recommended the
oconstruotion of two fully steerable 300.foot paraboloids &t a cost of $16
million,

VLA Propossl
In Fall 1964, George Swenson tock & lsave of absenae from the Univerasity

of T1linois to go to Graen Bank, where he became chairman of the VLA design
1

3 : |
group in 1966, He worked thera until the end of 1967, Funds for the design -

work were initially provided by NRAOC itaelf, ILater the NSF provided support,
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The first NRAO report on the VLA appeared in December 1965. Then in January
1967 NRAO submitted a two-volume propossl to NSF, oai%ing for an array with
36 antennas, Each arm of the Y was to be 21 km 1ong,lani the dishes were to
be 25 meters in diameter., Its cast was‘to bs $51,9 willion,

Two years later & third volume was added to the propeaal (Jamary 1969),
and by thia tims the number of antennas had been reduooi-to 27, NRAO had
decided to reduce the acale, Heaschen aaya.u because the design studies had
shown that the extra bit of ompability was too expensive, The reduction
saved pillions of Wollars.

Owens Valley Proposmal

The Owens Valley Radio Obasrvatory proposed to the NSE in 1964 that a
four~element'nrray be built, each element te be 40 meters in diamster,
Shortly afterward, in the spring of 1965, 6VRO was given funda to tuild o
prototype dish, Then in April 1966 the California Institute of Technology,
which operates OVRO, sent a proposal to NSF asking that seven more antennas
be built, each 130 feet in diameter (40 meters)., Its c§ut wasa t& be $14,9
million.3 The sdvantage of the OVA broposal, ascording te Alan Moffett.of
QVRO, 4a that it could have been built in only three years, using existing
teachnology,

CAMROC-NEROG Proposal

Ones of the recommendations of the Whitford committee had been for two
300-fe0t paraboloida, While the committee was meeting, another commlittee
was being formed-«the Cambridge Radio Observatory Committee (CAMRCC), ' This -
group consisted of reprogentatives from Harvard University, the Massachusetts
Inatitute of Technology, the MIT Linoeln Laboratory and the Smithsonian

Astrophysical Observatory. These organizations contrituted sesd money to
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design a larger, mors preciss antenna, In late 1965 CAMROC issued a two-
volume preliminary report with design objeotiveu3 are then requested $i,1
million for & detailed study of design and fesmibility. Thias was forthcoming
in November 1966, The original CAMROC cencept was to build3 a 400-foot
steerable antenna inside a radoms at a ;oat of $33 million, In the middle
of the follawing year the CAMROC group decided to form a corporation, at
the same time expanding its arffiliated institutions te 13. (Thess were
Boston University, Brandeis Univeraity, Brown University, Dartweuth Collegs,
Harvard Univeraity, University of Massachuseits, MIT, Univeraity eof New
Hampshire, State University of New York at Puffalo, Stats Univeraity of New
York at Stony Broek, Polytechnio Institute of Brooklyn, Smithsonian
Astrophysiecal Observatory and Yale University.)

At about the same tims, in July 1967, an Ad-Hoo Soientific Panel for
largs Radio Astronomy Faoilities, headed by Robert Dicke of Prinosten
University, was forméd. NEROC aubmitted? a prepesal to the committes for a
radome~enclosed U40.fost steerable antenna, operatle te a wavelsngth.of 2 |
5 am with a spatial resolution eof about 10- are ses, Iis céat would be ﬁ;i 10 f> é
$27.8 mdiIlion, In June 1970 a new NEROC proposal was submitteda te the NSF, |
The finsl dosign called for a 440.foot fully ateerable, fillad-aperturs
paraboleid with Gregorian optios, It was to be enclesed in a rademe to
minimize environmental effects, A peinting precigien of 5 are gecerds was

sxpected, adequate for eperation at wavelengths as shert as 1,2 onm,

When the Dioke panel met in July 1967, in addition te the VLA, OVA and
3 _
CAMRCC-NEROC «dish, they had to consider severel other prepesals, Ons was

made by the Assooistes in Radie Astronowy (consisting of Stanferd University,
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Califernia Institute of Technology, Univeraliy of California and University
of Michigan) for a 100-meter-diameter antenna te be-built in Owana Valley.
According to Moffott,5 this conaept was never sericusly censidered, Thers
was a study of the Largest Feasibls Steerabls Telescepe, headed by John
Pindlay of NRAO, NSF had rejected a $2.million prepesal from the Naval
Research Laboratery fer a 300-foot transit telescops, The University of
Maryland had submitted an informal propesal, frem Gart Westerheut, for a
300-foot stesrable paraboleid, Sidney Bowhill at the University of Illinels
had submlitted a preposal fer & 100-neter-dismeter antenna te be used
primardily fer aeroné}kmy: butzsecondarily for radie end radar astreneny
(at a ceat of $12 millien), Finally it was ostimated that at & cest of
$2.3 million, the 1000-foet-diameter telsscepe of the Arecibe Ienesphsric
Observatory ceuld be resurfaced te inorsase its surface acouracy frem 70 om
te 10 onm,
First Dicke Panel

Befere the decision te form the Dicke panel en radie astronemy facilities,
there was & movement afeot {o produéo & new survey of astrenomy as & whole,
inoluding space astronomy., Fer example, in Jamary 1967, Bangt Stremgren, .
pragident ef the Ameriocan Astrenomical Seclety, wrotog te Harvey Breeks,
ohairman ef the Natienel Academy's Cemmitiee en Soience and Publio Pellcy,
asking that the Whitford repert be updated, 1In Aprdl a greup ef leading
astronemers vwas invite&10 to a COSPUP meeting., At the m.atingii an ad-heo
comrittee, headsd by Whitferd, was eatablished te fermulate the greund rules
for & new study of both spuge and greund-based asirenony,

12 .
That same month, the NSF Astrenomy Advisery Panel recommended the
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fermatien of an aduhoo solentifioc advisory panel for large radio-sstreneny
facilities, |

13

The Dioke pansl censisted of twe eptical astrenemera, thres radie
aatronemers, and thres who were neither, They were, in additien to Dioke,
Bart J, Bok (University ef Arixena), Stirling A, Celgate {New Mexice
Institute ef Mining and Technelery), Rudelph Kempfner (Bell Telephena
Laberatories), William W, Mergan (Yerkes Observatery), Rugene N, Parker
(Univeraity ef Chicagxe), Merle A, Tuve (Carnegis Institutlen ef Washingten)
and Gart Westsrheut (University ef Maryland)., They met in Washingten, DC,
24.28 July with representatives frem Cal Tech (OVA), the Asseoistes in Radie
Astreneny (100-mster dish at Ovens Valley), NRAQ (VLA), NEROC((440-feet dish
in rademe), Cornell University (upgrading Arecibe 1000.meter spherical «ish)
and the Comittes on Imatitutienal Cesperatien (100-meter dish for aerenery).

Each day the panel holdih &n epen session fer five or aix heurs and
then met in olosed sessien fer the remainder of the day., The last half
day waa an axecutive sessien,

The panel's repert, dated 14 August 1967, discusses the relntivefﬁéritl
of antennas with fully filled apertures (single dishes) and incempletely
f11led apertures (arrays). In either case, & large receiving area is
required te detect a weak peint seurce,

If ene desires high-reselutien radie pictures, the repert explains, the
receiving apsrture hes te be effeotively spread ever & very large rogien,
wany miles zoress, Such an inoempletely {1lled apserture has pcnaltigaa
reduced senaitivity te surfaoce brightness, undesirabls side lebes, infla;ibility

and electrenio cemplexity., A large cerrelatlien erray cannet bhe used
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effsatively, the rapert hotes, fer apeciresceplo werk ef radir astrenexy,
ner fer studies needing rapid changes in frequency ceverege, unless the
electrenic system is extremely campliocated, Nevertheless the large array

is the enly type of instrument that oan ebtain the marny high~reselution
ploturss needed,

The repert gees on to say that a large filled apsrture in the ferm ef
2 single dish is neoded te previde complementary infermatien net readily
sbtainabls frem the large array, Thess needs are fer: surveys at lew
regelutien, high sensitivity te murface briphtneass, line spactrtaoopy._
broadoband observatiens at many wavslengtha, and planetary rader.

So0, the panslists concluded, both large dishea dnd large arrays were
needed, Aocordingly, they made the fellewing recemmandatiens: _

i. The Propeaal by Cal Tech "fer an array of eight dishas he funded as
saon as possible, with an adequate operating budget, and with the previso
that at least 507 of ths obsarving time be made nationally availabls,”

2, The proposal by Cernsll University te upgrade the 1000-feot
spherical dish in Areoibe, Puerte Rico to parmit obgarvatiens at 10-om wave-~

.length or sherter be accepted and fundad as soon as possihle, "with an
adsquate operating budget, and with the previse that at lsast 50% ef the
observing time for astrenomy be made natienally availabls,”

3, Definitive gtudies are necded to amssss the patential of large,fixed,
apherical dishes with miltiple feads (tha Arecibe type)} because the approacp L
may lead te instruments ef the largest celleating srea, :

L4, A large array and ultimately a very largs array are neoded, The OVA
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will take care of the immediate nsods fer a large nrra;i It is too scon te
deolds on the exaot ferm a very large array ghould taka, The VLA propesal.
mede by NRAQ fer a 36-dish arvay is promising. In tho-haxt fes yoars NRAO
should concenirate "extensively en phaaercoharont radie astronomiocal ressarch
at & reselution of 1 wec of arc or bstter te show conclusively the expected
tremendeus stride forward that should result frem a very large array with
this reselutien,"

5. NEROC has had suocess in astudies of & nsw type af vertical-truss,
lightweight, fully steerable &ish in a radoms, But the NEROC preposal should
be deferred until mere is known of thg capabilities of an Arecibo.type
spherioal dish as a largs precision instrument, eperating at shart wavelengths,
The pansl asked that the NEROC group assistis in making comparisons between
the petentialities of these twe types of antennas,

6. The ARA proposal sheuld be declined becauss the Arecibo and NEROC
cencapts have more revelutionary possibilities, '

7. Very large radie teleascopss should be made natienally available te
qualified visitors at least 508 of the tims,

There was no immediats rsaction frem NSF.

Origina of the Greenatein Committee

The ad-hoc committea to formlate ground rules for an updating of the
Whitford report had been formed in April 1967, Harvey Breoks rooa.}.ls16 that
he spent a year in conversations between Hugh Loweth of the Bureau of the
Budget and Leland Haworth, direoctor of NSF, fermlating the ground rules for *
an update, This time it was felt, by Loweth, by the astronomical commnity
and by NASA, Brooks says, that apaoce and ground-based astronomy should bs
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considered as ene entity, At the same time the NAS‘Divinién ¢f Physical
Solences, in parallel with COBPUP; haed been &iscuasirgi? a broad survey of
satronony. 18
The {ellowing year the Bureau of the Budget preduced a "Prospsctus
for Study of Prieritiss in Astrenemy," Thia document netes that in the next
five years, soveral astrenomy projects would be competing fer furds, each
oosting $50-100 million, These were: satellites in the Orbiting Astronemieal
Obaarvntofy saries and in the Orbiting Selar Cbservatery series; the OVA
and VLA; Astra (manned astronomy aatollita; large, steerable filled-
apsrture antennas (such as NEROC), and other new starts in manned astrenomy,
A new affert was neaded, sccording to the prosgpeotus, te ovaluats these needs,
Brooks then preparsd a proposal for the update, whioh he oiraulatedig
for aemments to Lewis Branscomb, headcof the Joint Institute for Laboratony
Astrophysiocs, Jesse Greenstein (Cal Tech epiical astronomer) and Leo
Goldberg (directer, Harvard College Observatery). In the fall eof 1968 Sidnay
Read Jr, head of the NSF Office ef Plannirg and Peliocy Studies, sent the drnftzo
of u l;ttar to COSPUP (asking for the update) to Breoks fer his cemments,
Then in January 1969 the formal 1nvitation21was finally sent, at least twe
full ysars after the movement te update the Whitford repert had begun, It
' ocame in the ferm of & letter from Hawerth to Brooks, asking that COSPUP
submit & propesal te NSF to study astronemy in cooperation with NASA, He
asked that COSPUP provide a rationsle that would assist in oheosing among

the many possible projects before NSF and NASA, "ao that the actual ohoioeé
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to be miads oan be made at whatever budgel levels may ;ventuate in futura
years,”" NSF and NASA were to review the proposed atudy-group membership
and make suggestiens for additional members, |

An ad-hec group headed by Geoffrex Keller, fermerly with the NSF
aatronomy section and then at Qhio 3tate, was formedzz to draft ths proposal
and suggest panel members, At the urging of NASA, which nesded tuiianoa.23
the final proposalzu provissd an interim repsrt by Maroh or April 1970 te
aysist 4n planning the FY 1972 budgst, The amount requested was $168 000,
Jeoond Dicke Panel

Two years aftor its first meeting, the Dloks panel was reaonvenad.in
Washington from 9-11 Jjune 1969, The same panelists met, excaept for Merle
Tuve., In its report the Panel notedzj that two years eariier it had felt
that the NERQC and ERAQ proposals were both excellent but that the deasign
studies needed further work on apescifia questions, Now, in 1669, the Panel
found that both groups had demonstrated the engineering feasibility of their
respsotive instruments. The repert of the gecond Dicke panel racommends
the following items (in whioh the order is not on the basis of priority):

" 1. The Arecibo resurfacing should be done and the faoility bs made
nationally available,

2, The OVA should be bullt As soon as possible and nnde‘nationally
available,

3. The Pansl recommended with equal urgency that the fully ateersble
H40-foot dish enolosed by & radome he built now, and made nationally
availabla,

b, & mtart should be made on conatruoting the VLAp thia oonatruetioﬂ
gshould procesd in stages over a several-year perlod, At the completion of

each stags, that portion of the array should be operational and availabls
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for observations,

5, Studies should be continued of metheds for building very large
stosrable dishes, particularly in the application of the prineiple of
homologoua structure deformation; the gtudies should be oriented toward
design of an antenna usable to 3-0 millimeters,

6, In parallel withiaupport of the majer faoilitiea, support of
radio sastronomy in the universities should be aubstentially improved,

7. At least 50% of the observing time at these unique radio-astronomy
facilities should be made available to visltors,

Response of NSF

The response of the NSF te the second Dicke panel was almost immediate,
acoordingaé to William Wright, head of the Division of Mathematical and
Physical Soiences. In October 1969 NSF requestad that the Bureau of the.
Budget include in the budget $2 millioen to initiate conatr%otion of the VLA,
Howsver, it was late in the budget oyocle, Wright remarked, and was therefors
not included. Why the VLA and not OVA or the NEROC dish? The argumsnt that
convinced Wright to go for the VLA, he saya,Z? i1s that the NEROC studies did
not demonstrate that we oould do particularly better with big dishes than
oould be done in Western Europe. On the other hand, the VLA seemed to be
Just as well engineered and would be vastly more capabls than the Westerbork
array in the Netherlands, As for the OVA, Wright says, it was a problem of
acale, Onos it was decided to build the VLA, one should not waver. A ama;;e?
obaervatory such as the OVA could have been dons piecemsal {although this was

not dona), And if NSF had opted for the QVA and 4id not get 1%, then thera
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would be no telescops at &ll, Wright notes that the abeve argument, which
aonvinced him, mey not have convinced William MeElroy, the NSF dirscter, or
Randal Robertson, the associats &irsotor for research, “It may Jjust have been
done by osmosis," he concludes.

Thus, by the time the COSPUP committes that was to update the Whitford
report was just getting underway, the NSF had alresdy made up ita mind that
it wanted to bulld the VLA,

Smithaonian Legislation

Betwoeen the meetings of the first and seocond Dicke panela, a new method
of funding the NEROC €ish was attempted. One of the NEROC membera, the
Smithaenian Astrophysiesl Observatoery, wss funded by thes Smithsonian
Institution, whose funds are handled by legislation indspsndont of NSF, In
the summer of 1968 Jamea Bradley of ths Smithsonian Institution nskedié
Eéward I41lsy of SAC what was stalling the NEROC dish, Bradley suggested
that the Smithsonian Institution might be interested in sponsoring legislatien
to build the 440.foot dish, : - ;

To ovaluate the need for a large filled-aperturs radio.radar telescope
a meoting was held at the Smithsonian Institution in Washington on- 30 November
and 1 Desembar, to whieh about 25 acotive radio astronomers were invited,

John Findlay of NRAO was chairmen of the meeting, In its report28 the group
noted that both large arrayes and large dishes were needodannd sxprossed the
hopu that the Arecibe telemcope would be upgraded, The group racommeﬁded
that the Smithsonian Inatitution should meek Federal funding to build the
NEROC-dea%gned dish, Acocordingly, Senate Lill 705 was introduced in the

Senate by Senator Clinton P. Anderson, and another bill was introduced in the
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Greenstein Committee~-Early Period

In July 1969 COSPUP asked Jesse Greenstsin of Cal Teoh to accept the
chairmanahip of the Astronomy Survey Committee, Aftsr some discussion and
correspondenae, Greenstein accepted and started forming hie committee, which
met for the firat time on 11, 12 Ooctober., The cemmitiea's work was admin-
istered by the Division of Physiocal Solences of the National Research
Counoil,

(The final membership of the committee was: Jesse Greenstein, Cal Teoh,
chairman; Helmt A. Abt, Kitt Peak Natlonal Observatery; Jacauas Beck%?ﬁ
Sacramente Park Cbaervatory; Geoffrey Burbidge, University of Califernia, San
Diego; Bernard F, Burke, MIT; A,G.W. Cameron, Yeshiva University; Frank D,
Drake, Cornell University; Ray L. Duncembs, US Naval Observatery; George
Field, University of Califorunis, Berkeley; Herbert Friedman, Naval Ressaroh
Laberatory; John E, Gaustad, University of California, Berkeley; leo Goldbsrg,
Kitt Peak National Observatory; David Heeschen, NRAQ; Geoffr?y Keller, Ohio .
State University; Robert P, Kraft, Univeraity of California, Santa Crus;
Robert B, Leighton, Cal Tech; Donald C. Morton, Princston Univeraiiy Qbserv-
atory: Robert Noyea, Smithsonian Astrophysical Observatory; Charles R, 0'Dell,
Yerkes Observatory; Jersmiah P. Oatriker, Princeten University; Brune B, Ressi,
MIT; Harlan J. Smith, University of Texas; Lyman Spiizer, Prinoceton Univeraity
Qbsexrvatory, Bruce N. Gregory waa exeoutive secrstary,) ' g

Ax the Committsa began operating, panels were formed on varieus topics,
such és radio astroncmy, optical astronomy, infrared,astronony, spacs

agtronemy, and se on, In chooaing the chalrman of the radio astronemy panel,
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the Greenstein committee wound uﬁ }!eleoting David Heeschen, director of NRAOQ,
which had proposed the VLA, At the time some committse memberas raised the

' quostionzg of blas-~that putiing Hesschen in charge made it inavitable that
the VLA would achieve top priority from the panel. Greenstein argued in
favor of Haeeachen, peinting out?g that he was & member of the National Academy
of Solences and that he had high integrity. Furthermere, he arpued, all
first-rate radio astronomers would be bilased in faver of a partioular
instrument,

{The radio-astronomy panel mambers were; David §. Heeschen, NRAO,
chairman; Geoffrey Burbidge, University of California, San Diexo; Bernard F.
Burke, MIT; Marshall H. Cohen, Cal Tech; Frank D. Drake, Cornell University;
George B, Fleld, Univeraity of Califernia, Berkeley; Gordon H, Pettengﬂ.‘}.,

MIT; James W, Warwick, University of Colorado, and Gart Westerhout, University “
of Maryland,)

By Dacember 1969 the radio-astronomy pansl had prepared a preliminary
roport.30 It sndorsed the recommendations of the second Dioke panel, that is,
for the Arecibe resurfacing, the 4i0-foet rademe~enclessd telescope, the OVA
and the VIA, It alse recommended that a mllimeter-wave teleacope be included
in the tetal radio-astronomy program, advoocating that starts on all theae
projacia be mads in FY 1971, Thers was apparently seme hop031 that at least

_tha VLA would appear in the FY 1971 tudget, alded and abetted by a COSPUP
Véndoraemant, William Wright had written te the NSF direater in Octtb?r, paying
ho‘bguevod ths Groenstein committes would enderse the Dicke panel rooommenda.'.-'

tions at its next maeting, 5 December, He went on te say that although the
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meeting was late, '"it should be adequate, prnviied that beth we ard COSPUP
are propered te movs quickly after that date,” But as we have already seen,
the Bureau of the Budget did not include the VLA (er any ether major radio
astronenmy facility) in the FY 1971 budget.

Greenstein Committes Report 4in Spring 1970

The Cemmittes had commitied itaelf te issuing s preliminary repert in
spring 1970 to aid NASA in preparing its budget, COSPUP had told32 the
Commlttes to linit its funding requests te $6 pdllion each year fer FY 1972
and 19?3. After taking inte censideration the deliberations ef the panels
on infrarod, optical and radio astronemy, the Committee raaffirmod33 its
support ef the Dicke panel recemssndatiens but neted that nons were within
the budgetary 1imi§£&tions (except for the Arecibe preject, which had
already been inocluded in NSF's FY 1971 prggrnm). Accerdingly the Comxittes
recomuended that NRAO complets the design of a 65-meter-diameter radie
tolescops for use as a millimeter-wave dish, In addition it recommended that
the remainder ef the funds be used te plok up oparating costs of major prejects
dropped by the Department of Defense,

In preparing his transmittal letter fer the repert, which was te be aent
to Acaderyy president, Philip Handler, Harvey Braoks sent a draft to Groonxtein.
in which he aaidjz that further dslays on building the big dish pregrams weuld
mean that it might no longer be worthwhile te build them, if the German,

Dutoh and Swedish projects for dishes without radomes were suooeusfﬁl;T%Thds -
comment drew ocmplsints 0% from Committes and panel members; for axaﬁgle.
Bernard Burke (& radic-astrenomy panel member and partieipant in NEROC),

regardod the remark aas giving the "kiss of death' to the blg dish, So Brooks
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aoftonedBu the cemment in the final version of his letter te Handler.

Deapite the eagerness of NSF and NASA to receive the preliminery
report, little apparently oame of it, Hewever, N3IF says that it did take
the repert ints scoeunt in preparing its FY 1972 budget estimates,

Writingjé to the members ef the Natienal Solence Beard in Nevember 1970,
director MoElroy said, hIn spite ef the present fiscsl stringenocies, I an
cenvinced that the US must atart en the VLA and initiate engineering studies
for the High Precisien Antemna (presumably the millimeter-wave diah) if it
is te maintain a streng pesitien in astrenomy....Ths US iz in the unfertunate
po;ition of not having started any new radieiaatrenonmy facilities in abeut

ten ysara,"

Although NSF was olearly committed te the VIA, it choss net te inelude it

in ita FY 1972 budget requeat, even though it had dens se the preceding year,
It is net olear why. Perhapa McElrey théught that he would hurt26 the rest
of the budget if he asked for the VIA,
Radio-Astronomy Fansl

" Mearsthile the radio-astronomy panslists were meesting from the autumn of
1969 to the lattsr part of 1970, Brooks, speaking fer COSPUP, urged the
panel memberas to establish priorities, One point of viewa? among the
panelists was that two urgent projecta should be seleatsd without priority
ordering, A seaond peint of view was that there should be no ordering of
priority, A third point of view, hald by Burbldge, was thgg a uingly

ingtrument sheuld be given highest priority, Heesmchen had mixed feelings.

At times during the discussion, it appesared that the VIA end the millimeterw

wave talescope weuld both be given top priority; this embarassed Heeschen,
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agcording to Burke, becauss both instrumenta were deslgned by NRAC. Burke
and Cohen were opposodB? to having two high-priority items bacause Burke was
protesoting NEROC and Cohen was protecting OVA, Eventually Burke came to
believe that a single instrument had to be gseleated, and he had felt from
the beginning of the deliberations that Af it were to bs one item, it weuld
have to be the VLA, Hel}eelu that NSF had somshow convayed the nssazgs to
them that the VIA would be built firat, Cbhen then jolned with Burke in
advooating ons item. A vote was taken, amd the VLA won. Gresnatein was
notified informally that the radio astronomers had opted for the VLA,

A fou weakas later, most of the radio-astronomy panel met37.39 with Carl
York, ataff member for physical science of the Whits House (Gffice of Helence
and Technology, They told OST of their deairs to btuild the VLA, and then
they prepared an informal report to that effect fer Edward David, the Pros-
ident's Sociencs Advimer, Later the panelkmambers mot with David himself,
Burke reoallna? David saying, "It looks like you'rs going to get your project."

In its final :r-e;msr-t;.u'0 the Radio Astronomy Panel reoomménded three
inatruments, in order of priority: & large apsrture-synthesis array, a fully
stearable parabola for centimeter-wavelength obssrvations, and a large g
tolesceps for millimeter-wavelength obsarvations,

Greensteln Committee~wlator Period

ALl through its deliberations the Grasnstein Comrmittes was bheing urged by
Brooks to make prierity judgements. Hritin541 to Graenatein in April 1970, . i
for example, Brooks said that the Bureau of the Budget ooculd not make necessary
geleotions between projects without seientific guidance., He pointed out that

Batavia was funded in a tight budgetary year bscause the entire high-energy
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physics comrunity was united behind it., Similar unnni;ity in the astronomioal
somminity might do the samo for a single msjor astronomical faoillity in the
naxt two years, but Brooks doubted it,

Througheut the Committeo's deliberations, a representative from NSF,
Robart Fleischer, head of the aatrcnomy-aootion, attanded,

By Oateber 1970, thg Greenstein Commlttes had matu'2 with representatives
of NASA, NSF, the Bureau of the Budget and reprementatives of Congressional
staffs interested in astronomy and spice scisnce. Panel reports had been
complated and wera to be discussed the following month by the Committes,

It was not yet olear, in Cotober, whethsr the Committee would provide a
unique priority list or whether they would choose to provide liats of desired
programs at various funding levels,

Within the Committea, there were dobatea29 for several months over thas
proposals for infrared astronomy, optical astronemy and solar astronomy, Other
big contenders wersj? the large Space Telescope, another 200—iﬁab optliecal
telessope, the VLA, and the High Ensrgy Astronomical Cbservatery for Xaray
cbasrvatiens, Burke recalluj? pointing out to the Commlittee that the VLA would
be unique in the world, and that the time was ripe for snother ma jor radio
telescope, The optical instrument would not be unique, And x-ray astronony
already had a lot to do with amall satellites, He faels that the only other
serious contandsr was an instrument fer infrared astronomy, but the ievelopmont
of techniques in that field was more primitive, and the infrared astronomers
did not have a completely worked-out design, '
Greenstein points outu that for many years he and other astronomsrs had

felt that we were asourmmlating a defiocit-.-sach year we wers losing $5 miliion
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that should have been invested in radio astronomy, The defieit had besen

acowmulating for 20 years, Greenatein feeln,

29 '
leld recalls that the VLA was regirded by the Committes aa primarily

an instrument for studying cosmologzy. They debated where the primary thrust
in research should ha maha. The VLA'a primary ocompetitor in doing coamologiocal
studies was HEAO, Optioal astronomy already had many instruments, some just
ocoming into operation, whereas radlo-astronomy facilities had besn sorely
lacking,

Mnally in late 1970 and early 1971, 1t was deoided to take straw votes,
with Greenstain slone seeinyg the results, He sayauB that roughly 80% of the
psopls involved voted for the VLA each time, In a report te COSPUP from
the Committeebain Aprdl 1971, it was desoribed that, in "an exhausting April
1971 mession at MIT, two test ballots proved to give remarkable agreement
on major recommendations,”

Meamwhile in February i9?1. ST oontaqtod39 NSF, telling Wright and
Fleischer that Science Adviser David would ask for an initiative in astronomy,
which he anticipated would be the VLA,

At the May meetiﬁg of the President'a Science Advisory Committeeaa the VLA
was digounsed, with the idea of inoluding it in the FY 1973 budget., Present
at the meesting warngudget examiners from ths Of{ice of Mansgement and Budget
amrd represontatives from NASA, Nﬁﬁ and the Defense Department. Throughout

the mummer the VLA was digoussed infermally by PSAC.
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The Committee's final raport%5 was written lato in the apring of 1971,

It reoommended four programs with the higheat priorily. These, in order of
importance wars;

L+ "A very large radio array, designed to attain resclution equivalent
to that of a single radio telescope 26 miles in diametsr; this should be
saoompanied by inoreased support of smaller radio programa and facilities
at the universities or other smaller research laboratory."

2, An optical program to vastly increass efficiency of existing telemaopes
by use of modern eleatronic auxiliariea, At the same time new large
telesocopas should be created,

3+ There ghould be a asignificant inorease in support of infrared astronomy.

L, A program for xe.ray and gamma.ray agtronomy from a serdies of large
orbiting Righ Energy Astronomical Observatories should be funded, supported by

construotgh of ground-based optical and infrared talescopes,

The following items were also felt to bhe of high scisntific importanocs,
tut their funding, althaugh‘urgant,'uhould not creats a dela& in funding
the above items:

5, Construotion of a very large millimeter-wavelength antenna,

6, Doubling of support for astrophysiocal observations from aireraft,
ballocons and rockets,

7. Continuation of the Orbiting Solar Cbssrvatories through 050-L, ¥ amd N,

8, A sizable inorease of support for theorstical inveatipations,: -

9. An expandad program of opticsl space astronomy, leading to the

launch of & large space telescope at the beginning of the next decads,




21 e

10, Constrvotion of a largse, stearaﬁle radic telescops dealgned to
operate efficiently at wavelengths of | om and longer,

11, Construction of several modern astrometrioc instruments,

In discugsing the VLA, the report points out that many astronomiocal
problems require a radio resolving power that approaches that of ground.based
optical téleacopen--about 1 gea of are, NRAO had carrled out extensive and
detailed studies of apsrture~gynthesis systems to achieve this goal., Its
final design, the report says, can achieve high-quality radio pleturss of the

Z///required resolution at a rate of aboul two plaotures of new regiona per day.
The design calls for 27 antennas of 85-foot aperture, deployed in a carefully
ealoulated pattern over an ares 26 miles in diamster, The rotation of the
earth over pericds of hours causes the geomeirioc separation of the antsﬁnas
(s seen from the sky) to bs changed so as to produce the req;ired antenna
orientations and gseparations, A 1a?ge, eontral computer system acontrols the
antennas and processes the information from them, The VLA will produce th;
equivalent of a radio "eye" 20 mlea in diameter at a cost of $62 million and
five yearg in construotion time,

At about the same time as the final Greenstein Committes deliberations
were under way, Bernard Burke, formerly a proponent of the NEROC design,
oontactedz? Fdward Iilley, who was head of the CAMROC and NEROC project office,
asking that the Smithsonian Institution withdraw its proposal to tuild the -
NEROC~designed &ish. The following month, in May 1971, & lotter was sent
by the Smithsonian Institution to the partioipants in the 1968 Smithsoni;n-

sponsored mesting, announoing that SAO and SI were sugpending further action

on the large telasocops,
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Graenstein's Point of View
At the June sessions of the Greenstein Committes, the chairman himself

felt impelled to resign., "I said that I was meeinz the death of everything
43
I held dear,” he told us, Writing to Brooks the following month, Greenstein
k6
aaid, 'You know that I wished to reaign sza Chafiwmin and even from membership

in the Survey, The mtjor recommendations so clearly required management by
NASA Centers, or by National Obnervatories and therafore by the N$F; the
report was personally antithetical to my style of research and management,

I have, by fortunats chance, always worked in proaperous endowsd institutions,
The atyle of these institutiona has been excellent; some questions you raised
ooncerning judgement for 'peer grow! have been answersd suocesafully enly

in theas private institutions, I do not know how that styls can be extended
in future nationally-furded and managed céntera, even when consortia of
universities are nominally in charge. I was persuaded that my attempt to

withdraw would seriously damage the causse of astronomy,!

tein fully supported
s Once he had:made .up his mind not to resign, Greens hp

the recommendations of the Committee. Looking back, he feels that the VIA

was & winse chotee, particularly gince further improvements to the design have

pade the VLA more flaxible, Howaver, he regrets that the other half of the

Committea's first roconmendation was not followedw-universities are suffering.

HIf death is suffering, then we are suffering,! BSinoce the Mansfield‘amendmenf

cut back Defenae Department support of astronomy, NSF has not pioked up all

projects previously support. The result has been & 20-30% daorsase in

expenditure for astronomy, Greenstein says,
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OMB and Congrass Act

‘What finally put the VIA over? William Wright «f NSF feelua? that it was
s quostion of aocowmilated momentum. Thers was the assurance by the Dicke
panel that the VLA was a sound device and then ths asasurance by the Greenstein
Committee that it was an astronomically desirables instrument., In Ootober 1971
NSF requagpgd $3 m1lion for initial ateps to build the VLA in FY 1973.

A o;;;aout hearing was heldua at the Office of Msnagemsnt and Budget
that same month; through manouvera of OST, the dholoe 'wastto)be: madebetween
‘ground-based nstronomy (the VLA) and space aatronomy (the High Energy Astrone
omdeal 0baervatory48)¢ York, who worked on physical sciencs for OST and
Russell Drew, who worked on space sclence for OST, had agreed to play for
the middle ground: Drew would not shoot down the VLA and York would not shoot
down HEAO, TIn hearings before Caspar Weinberger, OMB director, and the
sassintant directors (Donald Rice served as asaiatant director for science),
Hugh Lowath of OMB argued the various sets of alternatives., The VIA would
sost $60-70 million, whereas HEAQ would ocost $450 million, Alternative
sosnariocs vers considerei:39Tha VIA alone could bs built, or HEAQ a’lone, or
parts of both, It was decided, Loweth x'ec&l}.s,“8 to fund the VLA plece hy
piece, year by year. And& HEAOC waa to go ahead on a scaled-down basis,

The following January the President's budget carried & line item to
initiate construction of the VLA, And in August 1972, Congress appropristed
the funds to start building the VLA,

Concluaion

There is ﬁo single, obvious point at whioh it became olear the VLA
would be buillt--no single decision was made that put it over the tdp. Rsther,
it was the influence of many that finally made the difference~~the NRAQ group

that parsisted in design studies, the NSF staff that kept in closs contact
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with the rival talesoope designers, the Whitford Committes, the Dicke panels,
the radio-astronomy panel of the Greenstein Commities, the Gresnstein Committes
itmelf, the Natienal Academy of Solences COSPUP, and 1. the latter stages, the
Office of Seiesnce and Technology and t@a President's Soience Advisory Committes,
In the end.\%ﬁb decislon came about bscause a sconsensus was £inslly reaghed
among many of t;:\EBunQE{ia most influential astronomers; this oconvinced
03T, PSAC and OMB thet the VLA was wanted and needed,
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