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The Steering Committee met in the AUI Conference Room in the
 
Empire State Building at 9:30 a.m. Dr. Hagen presided. The
 
members and alternates present were: B.J. Bok, A.J. Deutsch,
 
Leo Goldberg, W.E. Gordon, F.T. Haddock, and J,P. Hagen.

Also present were C.F. Dunbar and R.M. Emberson.
 

The Committee had met on May 27 with invited guests to qiscuss
 
electronic problems in radio astronomy. The groups met for
 
dinner through the courtesy of Mr. Lloyd V. Berkner, and there
 
were informal discussions in the evening. A record of the
 
May 27 symposium will be sepalately prepared and distributed.
 
At the luncheon break on May 27, the Steering Committee mem

bers present held a short meeting in Mr. Be~kner's office. The
 
points made at that time will be incorporated in the minutes
 
that follow.
 

An Atlas for Radio Astronamy • As Dr. Goldberg was flying from
 
Boston and haa-not arrIve at 9:30 on May 28, the Committee
 
did not take up the items in the order on the agenda. The
 
first matter considered was the need for atlases in radio
 
astronomy and, specifically, for the proposed national facility.

In a letter dated April 25, Dr. Meinel had noted that both
 
Ross and Barnard atlases were difficult items to obtain. He
 
proposed a modern atlas of about 100 regions that would'sell
 
for about $12.00, provided initial support of $3,000 could be
 
obtained.
 

The Committee expressed interest in the atlas proposed by
 
Dr. Meinel and estimated that a considerable number of copies

would be purchased by radio astronomers, if the price could be
 
held to $12.00. The Committee presumed that the initial $3,000
 
support was being sought of the National Science Foundation
 
or perhaps private sources.
 

The Committee believed that a Palomar atlas would be needed
 
at the national facility. Dr. Deutsch agreed to proceed in

formally to determine if one of the three "reserve" copies

might be set aside for this purpose. Dr. Emberson was advised
 
to earmark $2,000 of the present study funds for the purchase

of a Palomar atlas and to proceed with the purchase if q copy
 
were still available, provided the National Science F.oundation
 
did not object to·this expenditure.
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4.	 FreiaenCY Allocations. The Committee noted the FCC notice, 
dat~ AprIl 21, 1955; requesting comment on this matter. Dr. 
Hagen reviewed the recommendations of Commission V, URSI, which 
he had distributed by a memorandum dated May 13, 1955 to many 
persons interested in radio astronomy. A copy of Dr. Hagen's
memorandum and of tqe Commission V ~ecommendations are attached 
as Appendix 4A. It will be noted that the Commission V recom
mendations are based primarily on the harmonics (and sub-har
monics) of the hydrogen line at 1420 Mc/s. 

The Committee agreed that it was advisable for each member 
to write individually to the FCC. In addition, Dr. Emberson 
was to write on behalf of the national facility study, indica
ting the status of the study, the region in which a site was 
being sought,' and similar matters. All agreed that the fullest 
possible support should be thrown behind Dr. Hagen, who has . 
been serving as an especially designated member of the NSF Panel 
on Radio Astronomy. 

5.	 Performance Specifications. With reference to draft specifi 
cat10ns prepared by Mr. Rarelitz and the ad hoc panel desig
nated at the March 26 meeting, the following companies were 
being contacted," with respect to either or both the construction 
of a small (140-foot) radio t €2escope and studies for larger
(300-,450-, and 6OC-foot) telescopes: Allis-Chalmers, American 
Machine & Foundry, Bethlehem Steel Shipbuilding Division, Blaw
Knox, Collins Radio, General Electric, Geodesics, Inc. (R.
Buckminster Fuller), Goodyear Aircraft, G~ay Scientific Division 

.of the Remler Co. lW.W. Salisbury), Hughes Aircraft, Husband 
& Company, D.S. Kennedy, Kuljian Corp_, Newport News Shipbuild
ing Corp., Warner and 'Swasey, and Westinghouse. A number of 
these were showing some inte:est in the work; to date none had 
indicated that they would want to undertake the entire job and 
a few had already indicated that they would want to work on 
only a part. Mr. Husband predicted that we would have the 
difficulty here that he had had in England in trying to locate 
a prime contractor. If the present trend continues, the large
radio telescopes will have to be constructed on a project basis,
with various tasks contracted to appropriately interested and 
able companies. 

The draft specifications were reviewed. Dr. Bok reported that 
he had heard criticism from some of the members of the NSF 
Panel that the specifications were not sufficiently precise.
The Committee discussed this point. If detailed materials and 
construction specifications were prepared, a manufacturer 
would strive to give only what might conform to the specifica
tions without regard to whether the completed instrument 
would perform as desired. Thus it seemed preferable to con
tinue with the use of performance specifications. The Com
mittee made certain revisions in the specifications. A copy 
of the revised specifications has been prepared and are dis
tributed herewith. 
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Subsequent to the meeting, a letter has been received from Mr. 
Husband, answering questions concerning the 25Q-foot reflector 
at Jodrell Bank and commenting on our draft specifications.
Two paragraphs from Mr. Husband's letter are quoted here as 
being particularly relevant. 

"In spite of the apparent simplicity of the finished 
job I think there is as much work in preparing a 
design for a large radio telescope as in designing 
a new type of large aircraft. I do not think that 
any firm should be asked to produce a design io. 
sufficient detail to be used as the basis of a 
contract in under 12 months. Due to a general stiffen
ing up of the operational specification since we 
prepared the first design for the Jodrell Bank in
strument we have tended to carry out improvements 
to the design as actual constructional work pro
ceeded. For many reasons this is not a good thing 
to do, but I am quite sure that the alterations we 
have made will prove to be very valuable." 

"I think you would save a great deal of money by
preparing a design in considerable detail before in
viting bids, as an alternative to inviting "bid pro
posals". Quite apart from radio telescopes this is 
usually the case in many branches of engineering be
cause contractors cannot afford the time to get down 
to bid proposals for novel projects in sufficient 
detail to avoid including a large contingency item 
in their tender. I appreciate that I am biased as a 
consulting engineer, but from time to time we do 
collaborate with contractors in preparing bid pro
posals and feel that the alternative of the client 
being responsible for producing the design is 
practically always the more economical in the long
run." 

It may well be that we are fast approaching the date that 
a full-time consulting engineer must be brought into the 
work. 

As the sky-coverage is very critical in an equatorial design,
the Committee devoted some time to this question. Dr. Gold
berg and Mr. Haddock stressed that low altitudes would be 
highly desirable for some solar work, lunar occultations, and 
eclipses; and Dr. Gordon stressed that atmospheric and iono
spheric problems required access to very low altitudes at all 
azimuths, particularly to the north. 

The Committee suggested that the question of alt-azimuth vs. 
equatorial mount be met at present by requesting two sid 
proposals, one for each type of mount. In the meantime, it 
was suggested that in addition to other studies, we might
undertake a special study on mounts, including the drives, 
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6.
 

computers, and any other appendages; the study should cover 
both design and construction problems as well as cost esti 
mates. In this connection, Dr. Hagen noted that the alt~ 
azimuth mount requires more complex computers and servo
mechanisms and that maintenance would therefore be more 
costly and time consuming. 

The Committee formulated preliminary plans for a report to the 
NSF by July 16 that would cover, among other things: 

I.	 Recommendations concerning the erection of a 
radio telescope of 140-foot aperture; and 

II.	 Recommendations concerning detailed studies of 
design and erection problems for much larger
radio telescopes, of 300-, 450-, and 600-foot 
apertures.

I 

'(In addition, the report will discuss site problems and the 
organization for the national facility). \~th the above date 
in mind, all companies should have proposals in by July 8 
in order that the Committee may consider them at the July
11-12 meeting. 

Organization for a National Radio Astronomy Facilitfi. This 
subject was discussed under headings of content: t e instru
mental program and the staff organization; and headings of 
history and budgets. On May 28, the significant portions
of the short noon-time session of May 27 were repeated; they 
are covered here with no attempt to distinguish them. 

Histo~. In view of certain misunderstandings that have oc
curred; it seemed desirable that the events leading up to the 
AUI proposal and the NSF grant for the present study be placed
clearly in the record. Subsequent to the Washington Conference 
on radio astronomy in January 1954 and some exploratory con
versations among representat~ves of Harvard, 'M.I.T., and NRL, 
two meetings were held at the invitation of Dr. Menzel and 
tended by Dr. Bok from Harvard, Drs. Stratton and Wiesner 
from M.I.T., and Dr. Hagen from NRL. The subject of discussion 
was the possibility of a Harvard-M.I.T.-NRL combination to 
acquire and operate a large research tool for radio astronomy.
It seemed clear that a larger and more expensive radio tele
scope could thus be obtained than any of the institutions 
would be likely to afford. Dr. Stratton first suggested the 
possibility of AUI undertaking the job of creating and opera
ting a research facility, and pointed to the similarity of 
Brookhaven. In accordance with the discussion at this 
Cambridge meeting, Dr. Menzel called Dr. Berkner and soon 
thereafter they and Dr. Emberson met (in Washington), at 
which time preliminary plans were ffi&de for an organizing meet
ing to be held in May; a provisional list of persons known Or 
thought likely to be interested in radio astronomy was prepared
and thus constituted the ad hoc organizing committee. 
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Dr.	 Menzel prepared a memorandum on the status of radio astrono
my in the U.S., "Survey of the Potentialities of Cooperative
Research in Radio Astronomy", dated April 13, 1954, on the 
basis of which ~UI extended invitations to the ad hoc organizing
committee to meet on May 20, 1954. Dr. Menzel presided at the 
meeting. As the discussion proceeded, it became clear that 
there was a genuine desire by the radio astronomers to join
forces to achieve a large research facility. It was the con
census that such an undertaking was compatible with the ob
jectives of the National Science Foundation and might have its 
support. Presented with this mandate, AUI initiated steps
leading to the present feasibility study: The present Steering
Committee was formed; a meeting was held July 26, 1954; and on 
July 26, 1954 a study proposal was submitted to the NSf. The 
NSF	 granted $85,000 to support the study on feasibility of a 
national radio'- astronomy facility and the effective date for 
the	 start of the study was March 1, 1955. 

7.	 Content of the Study Program. The AUI proposal included the 
following major items in the feasibility study: 

A. A Site Survey, to be limited to a 300 mile radius 
of Washington, D. C. 

B.	 Determination of the feasibility of constructing 
very large and precise radio telescopes. 

C.	 Examination of buildings and other construction 
necessary to develop a functional research facility. 

D.	 Development of an organization and staff plan. 

E.	 Exploration of means of financing the facility. 

Dr.	 Bok noted that in discussion by the NSF Panel, doubt had 
been expre.ssed that AUI was putting enough emphasis on the 
intermediate (140-foot) telescope. Mr. Berkner clearly stated 
that every effort was being made to conduct the study in a 
manner to meet the objectives of the AUI Steering Committee, 
the NSF Panel, and of radio astronomers generally. When it 
became apparent that early construction of an intermediate 
size telescope was desired, a major shift of emphasis to this 
task had been made (ref. Item 5 of these minutes). Dr. Hagen
referred to the report planned under Item 5 and explained
that it should recommend in detail what is appropriate for 
a 140-foot reflector. 

Budgets and Pro~;ams. The Committee next discussed the radio 
astronomy blJdges suggested by the NSF Advisory Panel on Radio 
Astronomy and how these figures were related to the overall 
estimates for the five-year construction and operating plan
included in the AUI statement to the NSF dated May 6. Dr. 
Hagen pointed out that the NS~ Panel's budget for the first 
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year or so was not greatly different from that envisaged under 
the AUI plan. Dr. Emberson noted that the total AUI figure 
was large because everything that might be considered for the 
Facility had been worked into the provisional construction plan;
for example four radio telescopes were included: a small 
(25-50 foot~ test and research instrument mounted on the labora
tory roof, and three large reflectors of 140-, 250-, and 600-foot 
apertures. It was further noted that.AUI had prepared and 
submitted the overall estimates in response to requests from 
the NSF. These preliminary estimates were in advance of neces
sary detailed studies and at no time should be considered 
as the final AUI budget estimates. Dr. Bok noted also that the 
NSF Panel was thinking in terms of a much smaller staff and 
overall operation than the AUI statement had indicated. The 
Committee then undertook an examination of what might be done 
within the limitations of the budget suggested by the NSF Panel. 

9.	 The NSF Panel Budget. Discussion revealed that there was not a 
clear understanding of the cont,ent of the Panel budget. The 
concensus was that a total of $300,000,. perhaps apart from 
general funds for the support of radio astronomy, had been ear
marked for FY 57-60 feasibility studies and the development of 
engineering and detailed construction drawing for a large
(600-foot) telescope. For the period of FY 1957-1960, a total 
of $3.3 million was suggested, to cover operations of the 
National Facility for four years as well as all construction 
and other necessary developments in connection with the 140
foot precision reflector. It was noted that an additional 
$1.2 million was tentatively earmarked, perhaps to include 
some part of the aforementioned $300,000 for studies of very
large telescopes, and to support research in radio astronomy
and the construction of equipment at places other than the 
National Facility. It was recalled that some Panel members 
had suggested an operating budget of $75-100,000 per year
for the Facility. The Committee discussion indicated that 
this budget would almost certainly be too small by a factor 
of two. The following table estimates the staff required
for the l40-foot reflector: The first column is the staff 
suggested during informal discussions after dinner on May
27; column two is the very minimum austerity ataff; column three 
was Dr. Bok's suggestion of minimal salaries, which he empha
sized should not be taken as careful estimates. 



Provisional Estimates of the Staff Operating Budget for a l40-foot Telescope 

Dr. Bok's 
Staff Requirements Minimal Staff Minimal Staff Salaries 

5 Astronomers (Including director) 

5 Electronic experts

3-2 engineers

2-3 technicians
 

3 Computers
 
1 mathematician
 

I 2 operatorsr--
I 

2 !ngineers
1 mechanical engineer
1 assistant 

..
 
5 Machinists
 

15 Housekeeping Staff
 
Business Manager

Secretaries
 
Grounds keepers
Power House, water supply~ etc • 

3 
I-Astronomers 

2 Electronic experts 

2-3 Scientific assistants 
including computers 

2 Engineers 

4 Machinists 

7 Housekeeping Staff 
(no business mgr.) 

$25,000 

18,000 

12,000 

10,000 

18,000 

25.000 

$108,000
 

• 

,', 
_ ..•__ ._~_~~_..._"-'>..L_.. ~._ 
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In the discussion that followed, Dr. Emberson noted that aca
demic salaries were usually based on a 9 or 10 month period,
and as the Facility salaries were ,for a 12 month basis they
should be proportionately larger. During the discuss~on; 
it was suggested that $50,000 be added to Dr. Bok's figure,
which would mean $632,000 for staff salaries for the four 
year period. The ~onsensus was that total operating ex
penses, including salaries, for the first four years might
be held to an average close to $200,000 per year. In ad
dition p therp will be some visitors. At the start, most 
of the time initially wil be devoted to the final testing 
and adjustment of the radio telescope. During the next 
few years, it was estimated that perhaps three visitors 
with specific research projects would be in residence at 
the Facility at anyone time. This number might be expected 
to grow in subsequent years. In this connection. it was 
noted ,that there had been some concern that AUI would plan 
a self-contained research laboratory not a truly inter
university cooperative affair; it was evident from the dis
cussion that this was not a widely held view. On the other 
hand, Dr. Deutsch indicated that the contenders believed 
their position was borne out by an analysis of data from 
Brookhaven. Discussion brought out that the statistics 
could be very misleading: that the actual time of visitors 
on the Brookhaven site was not a good indication of the 
amount of participation. Dr. Goldberg suggested that a 
study of the published papers might give a more reliable 
indication. It was agreed that the Committee be in a better 
position to judge for itself after its visit to Brookhaven 
on July 11-12. 

Dr.· Hagen mentioned that some of the NSF Board members had 
shown apparent concern over a continuing commitment by the 
NSF for such large operating budgets. The Committee 
agreed that it would be most desirable for the July report 
to include a statement on outside support. 

10.	 Site Development. The Committee did not attempt to formu
late a position with respect to the number and kinds of 
buildings that would be· required at the site for the opera
tion of the 140-foot reflector. It was suggested that 
any construction should be part of an overall plan suf
ficiently flexible to provide for future growth and with 
the possibility constantly in mind that a 500-or 600-foot 

. reflector may be erected at the site at some future time. 
The Committee members agreed. to furnish Dr. Emberson 
information concerning the larger optical observatories 
for possible guidance in drafting a site development 
program for the 140-foot reflector: Dr. Deutsch concern
ing the Mt. Wilson and Palomar Observatories; Dr. Goldberg
concerning the Michigan Observatories; Dr. Emberson was 
to write to Dr. Meinel for data of Yerkes and MacDonald 
Observatories. 
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11. 

12. 

13. 

14. 

15.
 

Future Emphasis in the Stud~. Drs~ Bok and Hagen reported that 
the NSF Panel had formally recommended to the NSF Board that 
the remainder of the study effort be devoted primarily to the 
bid proposals for a 140-foot telescope and to feasibility
studies on larger .sizes. Present undertakings would appear 
to be in harmony with this recommendation. 

Site Survey. Dr. Emberson described briefly the status of 
the site survey. The Committee examined some of the available 
maps and noted that some site possibilities offered very
favorable cultural environments while others were extremely
isolated. All agreed that first priority in the site selection 
should be the observing quality (i.e. very low radio noise 
level); we should not compromise in the selection of a site
and thus avoid the erection of a large radio telescope at a 
site, the selection of which might be regretted at a later 
date. We should, in other words, profit by past mistakes 
made by our official colleagues. The site selection panel
is to meet in Washington on June 10, at which time it is 
hoped that the present list of 19 site possibilities may
be placed in some priority order for more intensive studies. 
It was the .opinion of some that noise surveys could be con
ducted without raising the interest of local inhabitants; 
on the other hand, access to the various properties would 
be needed for geological surveys. 

National Electronics Conventi6ri. The Committee was advised 
of a proposed symposium on radIo astronomy to be held at 
the National Electronics Convention in Chicago, October 3-5. 
The members individually expressed no interest in partici 
pating in the proposed symposium. (Dr. Kraus advised, by . 
telephone, that he had been approached directly on organizing
the symposium, and he had taken a similar position.) 

proptsal>for Continued Studies. The study under the present 
gran wiIXlniVe run its course in the fall of 1955. In view 
of discussions earlier in the meeting, a general basis for 
a proposal for continuing the feasibility study is available, 
i.e. to proceed at a rate of at least $100,000 per year on 
the large reflector design. The Committee members suggested
that they would assist individually on this as on other mat
ters and that a draft might be ready for discussing at the 
July meeting. 

Plans for the JulaMeeting .' Dr. Emberson outlined tentative 
plans for the Mon ay-Tuesdav,' July 11-12~ meeting at Brookh~ven. 
It was agreed that the first d,ay should be devoted to inspec... 
tions and discussion of Brookhaven a.ctivities, particularly
those bearing on the organization and operation of the radio 
astronomy facility. The second day ,should be devoted solely 
to the various items of business before the Committee. 
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It was suggested that the Committee members plan to arrive 
at Brookhaven by noon on Manday, July 11. Detailed instruc
tions on routes, for those who will drive in their own 
automobiles, and schedules of Long Island trains and other 
connections will be mailed separately. The Laboratory is 
about 75 miles east of New York and a minimum of two hours 
should be allowed for a trip from the city to the Laboratory. 

After lunch, the group will visit several of the Brookhaven 
facilities - e.g. the reactor, the cosmotron, and the radi
ation field; at the meteorological laboratory there will be 
an opportunity for a report on wind studies that is relevant 
to radio astronomy telescope problems; there will be discus
sions by Dr. Haworth and other members of the administrative 
staff on the various arrangements that are made for the con
venience of scientists comi~g to the Laboratory to undertake 
research. These discussions will continue informally through
dinner and the evening. On Tuesday, July 12, the entire day
will be devoted to radio astronomy matters until depa~ture 
time in the afternoon. 

16. The meeting adjourned at 2:30 p.m. 
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Appendix 4A 
to the 

Minutes of the May 28, 1955 Meeting 
of the 

Steering Committee 

13 May 1955 

To All Users of Frequency Bands for Radio Astronomy 

The National Science Foundation Advisory Panel on Radio 
Astronomy has delegated me, as one of their members, to correlate 
request for frequency bands for use in radio astronomy and to fol
low through with any action needed before the bodies authorized 
to advise upon or to allocate frequencies. 

At the recent spring meetings of URSI Commission V, Radio 
Astronomy, ,the matter of desired frequency allocation for radio 
astronomy use was discussed. Preliminary discussions have been 
had with the Interdepartmental Radio Advisory Committee and with 
individuals in the Federal Communications Commission which has 
advised them of the importance of radio astronomy and of the 
necessity of obtaining cleared channels for radio astronomy use.
They were advised of the total effort in the country and the 
frequencies being used as of the fall of 1954. 

You have by now received a form from either the Federal 
Communications Commission or from the Interdepartmental Radio 
Advisory Committee asking certain questions concerning your use 
of frequencies and a statement as to the importance of your work. 
I am now requesting that you consider the recommendations of Com~is
sion V, URSI, given below and make your requests for frequencies
compatible with these recommendations. The scheme is based on 
the necessity of protecting the fixed frequency band around the 
hydrogen line. Other bands asked for should then be harmonics 
or subharmonics of 1420.5 mcs. This gives double protection and 
adequate coverage over the spectrum. Obviously if all requests 
are originally confined to the same frequency bands success in 
obtaining protection will be more certain. Any comments or im
provements in the plan would be appreciated. 

I would request that each addressee fill out the enclosed 
table as it pertains to his institution. If it is possible for 
you to move one or two steps up or down in frequency, if that 
should prove desirable in order to keep the number of requested
bands at a minimum, a statement to that effect would also be ap
preciated. 

It was considered feasible to carry the subharmonic schem~ 
only as far as 80 mc, consequently the four frequencies used by
DTM are outside the scheme. I would appreciate from DTM a sep.
rate statement concerning their use of these frequencies, their 
ability to change to near by channels if this is indicated and 
a justification for their use of these frequencies. 
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I would appreciate receiving replies within a week. They
will be put together in one table and sent on to the Interdepart
mental Radio Advisory Committee and the Federal Communications 
Commission. Each user should also reply directly to the form 
letter he has received £rom either I.R.A.C. or F.C.C. 

Sincerely, 

John P. Hagen
JPH/lmc 
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