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BEFORE THE
FEDERAL COMMUNICATIONS COMMISSION
Wasmineron, D.C. 20554

In the Matter of |
AMENDMENT OF PaRrts 2 axp 3 or vae Com-
MIssion’s Ruoutes 1o Provior TeMmrorary
IxtErrERENCGE PROTECTION TO THE UNIviz-
sy oF Irrinors Rapro Astronoxy Sire ON
FrEQUENCIES BETWEEN 608 axD 614 Mo/s,
TeLevision CHaNyNEL No. 37

Docket No. 15022
RM-180

Rerort axp QOrozr
{OQctober 4, 1963)

By TaHE CoMmmissioN (CompiissroNrr LER DISSENTING AND ISSUING A
STATEMENT IN WHICH CoMMISSIONER COX FOINS) :

1. On March 27, 1963, the Commission adopted a Notice of Pro-
posed Rule Making in this proceeding calling for comments on ov
befors May 1, 1963, and for reply comments on or before May 19,
1963. The latter date was subsequently extended to May 17, 1963, at
the request of one of the interested parties.

2. The Commission proposed to amend Parts 2 and 3 of its Rules
to delete the availability of Channel 37 (608-614 Mc/s) for author-
ization in the broadeasting service, until January 1, 1968, in an area
circumscribed by a raditis of 600 statute miles centered on Danville,
Illinois, the location of the University of Ilincis radio astronomy
cbservatory. However, because of the possibility that comments
responsive to the Notice would indicate the need to adopt a tem-
porary protection plan involving a radivs other than that proposed,
the Commission stated that it would issue no final authorizations for

"the use of Channel 37 anywhere within the United States until the
termination of this proceeding. In order to delineate the type of
information necessary to permit a considered judgement in this pro-
ceeding, a series of six guestions was directed to radio astronomy
interests. These questions and responses thereto are treated in detail
in subsequent paragraphs.

3. Approximately 140 comments were filed with the Commission
in response to its Notice of Proposed Rule Making in this proceed-

+ing. All fell within two sharply defined categories: 1) broadeasting
interests, who, in general, considered the Commission’s proposal »
fair and eguitable compromise solution to a difficult problem; and
9) radio astronomy proponents, who considered the action proposed
by the Commission inadequate to meet the needs of the radio astron-
omy service in general. The latter category is divisible further, about
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25 being formal in nature and the remainder of varymg degrees of
formality from individual members of the public either directly or
through their Congressional representatives. "

4. Comments were filed by the following broadcasting interlésts:

Sparish International Television Company, Inc. {SITC) H

Trans-Tel Corporation |
Progress Broadcasting Corporation, and .
Association of Maximum Service Telecasters, Inc. (AMST) '

The frst three are TV applicants for Channel 37 at Paterson, New
Jersey, where it is presently assigned. SITC subsequently filed com-
ments in response to those filed by the Unitersity of Illinois, and
AMST filed in response to the general tenor of comments filed by
radio astronomy proponents, wherein an exclusive allocation on a
permanent basis was advocated for the radio astronomy service in the
band 603-614 Me/s.

5. Formal comments were filed by the following radio astronomy
interests:

President, Graduate Research Center of the Southwest

Director, Department of Terrestrial Magnetism, Carnegie Institution of Wash-
ington

National Science Foundation

Director, Radio Astronomy Observatory, University of Michigan

Asgociated Universities, Ine, (for the National Radio Astonomy Observatory)

University of Illinois '

University of Marvland

Federation of American Scientists

Director, Stanford Radic Astronomy Institute

Geophysical Institote, University of Alaska

Nationai Academy of Sciences—National Research Couneil ,

President, University of California

The Pennsylvania State University

National Center of Atmospheric Research

Yale University

Stanford University

California Institute of Technology

American Museum Hayden Planetarium

Birector, Radio Observatory, University of Florida

Dr. R. M. Fristrom

Boeing Scientific Research Laboratories, and

Mr. C. L. Seeger, Department of Astronomy, University of California, Berkeley.

Additionally, on June 7, 1968, the City Council of Ann Arbor, Michi-
gan, adopted and transmitted to the Commission a Resolution on
behalf of the University of Michigan radio astronomy program in
particular, and the radio astronomy service in general, seeking the
precervation of Channel 87 for that purpose.

6. The initial comments filed by Spanish International Television
Company, Ine. (SITC) expressed the view that:

(a) the Commission’s proposal is more than adequate to meet the needs of
the TUniverzity of Tllinois;

(b) if limitations upon the use of Channel 37 by television stations were
imposed, they shouwld he no harsher than those proposed by the Commission:

{¢) Channet 37 could be nsed by televicion stations of either Canada or
Mexico under existing agreements, without observing the mileage or hour
limitations; .
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(d) the University of Illinois had neither alleged nor filed factual data at
that time to support a supposition that television operations on Channel 37 in
New Jersey or Florida would canse hurmful interference to the observatory at
Danville, Illinois; and

(e) with regard to the hours-of-use limitation, effective radio astronomy

observations could not be made during daylight hours; sunrise mMay occur as
early as 4:30 AM in June and July at Danville; and therefore, the time
limitation on felevision use of the channel is unduly harsh.
SITC, as well as Trans-Tel Corporation, took the position that adop-
tion of the Commission’s proposal would drive a wedge into the mid-
dle of the UHF-TV band where no particular need for the band in
question had been advanced (other than equipment built in disvegard
for the Table of Frequency Allacations).

7. Traus-Tel Corporation took exception to the proposal to pro-
hibit the use of Channel 37 by television stations between midnight
and 7:00 AM local time on the ground that the television station
might have to operate during that period to be viable, particularly
in view of competitive difficulties in the same area. Trans-Tel stated
the Commission may wish to allot a different UHT channel to New
York City with but minor waiver of the mileage separation require-
ment and cited Channel 14 as a case in point. That channel is used
by WWOR-TV, Worcester, Mazsachusetts, but could be re-used in
New York City on the basis of a rule waiver. Trans-Tel reportedly
was discussing the matter with WWOR-TV to get the reaction of
the latter to such a waiver.

8. Association of Maximum Service Telecasters, Imc. (AMST)
recognized the Commission’s proposal as a compromise solition and,
therefore, did not object to the proposal. AMST cauntioned, however,
that its acquiesence 1n this case could not be taken as applicable to
any other channel or to greater limitations on Channel 37 than
initially proposed. AMST, in its reply comments, requested the Com-
mission to disregard all requests for permanent, exelusive allocation
of Channel 37 to the radio astronomy service on the grounds that
such requests were beyond the scope of this proceeding and that, in
any event, such action would be premature prior to the conclusion of
proceedings in Docket No. 11997,

9. Progress Broadcasting Corporation supported the Commission’s
proposal as a fair and equitable compromise solution to a difficult
problem.

10. Of the radio astronomy proponents filing formal comments,
relatively few responded specifically to the previcusly-mentioned six
questions directed to them. Those questions, and the replies thereto,
are set forth below.

A. During what hours of the day and during what seasons of the wear will
observations with the University of IHinois radio (lelescope be reqiiived?

The University of Illinois, supporter by Penn State, University of Michigan,
National Radio ‘Astronomy Observatory, Graduate Research Center of the
Southwést, and the University of California, stated that the initial program
ideally requires 24 hours per day, 365 days per year but that natural or man-
made obhstacles prevent that ideal from being realized. When the sun is at or
near meridian; its radiation at 608-614 Mc/s is so strong that it obliterates
extragafaetic signals. High winds, ice storm and snow storms ¢an create a
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hazard to personnel normally making manual settings to the antennas at the
Illinois ohservatory, thus delaying observations, .

California and Michigan made the additional point relative to the need for
freedom of access to the band by noting that the moon occasionally occults
signals from cerfain sources. These occultations occur six to twelve times per
¥ear and offer a unigue opportunity to obtain high effective angular yesolution
of the brightness and polarization distributions of the occulted source. This is
dene most satisfactorily in the general area of the URF-TV band. Above tHig
region, tlie thermal radio emission from the moon tends to mask the non-
thermal radiation from radio sources, which decreases in intensity hs frequency
is increased, and uncertainty is introduced. Below this region, defraction
around the moon’s limb reduces greatly the accuracy of the angunlar resclution
of eccultations.

B. TWhat programs of research are currently plamned for the Universify of
IHinois radio telescope and whai time schedules are imvolved?

The Universities of Illinois, Michigan, Alaska, California and Penn State
and the NRAO replied to the effect that Illinois’ initial program will consist
of cataloging accurate positions and flux densities of signal sources. A five
Fear program contemplates twelve to sixteen hours per day of interference-free
observations. Under the Commission’s proposal, respondents state that period,
might be as little as four hours per day and it eould require fifteen to twenty
years to complete the program. Therefore, if any time limit is placed on the use
of the channel for radio astronemy it should be twenty years rather than five.

Later programs, not defined at this time, would probably be general observing
programs such as the initial program. There is no foreseeable time when the
Tllinois radio telescope would cease to perform a useful function.

]
O, What is the neture and importance of ithe results ezpected 1o be obigined
from the programs referved to in B above?

Collectively, those responding to A and B above, anticipate the following
results from the University of Ilinois program:: !

1. determination of the flux density of individual sources:

2. more accurately established positions of individual sources:

8. determination of the character of emissions from different sources;

4. important information on the nature of the universe and of the nature of
its expansion;

5. optical identification of extragalactic radio sources will be facilitated:

6. information that will help explain why omne galaxy is an emitter and
another is not; and

7. measurements of flux densities of radio sources on Channel 37 by the
University of Illinois, coupled with similar measurements at other points in
the United States and abroad, will provide additional information on the origin
of high energy particle radiations in the universe,

Later programs are expected to throw light on possible variability of eertain
sources, their angular diameters and composite structure.

. Could the program of research now plawned for the University of Illinois
radio lelescope be carried out at any olher existing facility?

The University of Illineis, supported by NRAO, Penn State and Michigan,
stated that the guestion incorrectly assumes that observations are so few in
number that programs can be switched from ope instrument to another withount
a serious net loss in the amount of information cbtained. The analogy is drawn
between optical and radio telescopes, pointing out that the 200” telescope at
Mt. Palomar can do all the 120" telescope at Lick Observatory can do, but that
it would be absurd to suggest that the 120” can be abandoned in favor of the
200", Additionally, the TUniversity of Alaska stated that the Illinois radio
telescope has the largest effective antenna reception area now in existence in
the U.8., and all conclude that there is no alternative instrument in the U.S.
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E. What {5 the minimum bendwidih within which profection is required for
the University of Illinois radio telgscope?

The consensus of the seven respondents to this point is that 6 Mc/s iz the
minimum bandwidth necessary fo protect the Illinois telescope. Thiz would
provide a signal bandwidth of about 4 Mc/s with guard bands on either side.
The broader the bandwidth, the more sensitive the instrument, with the
sensitiviiy increasing as the sguare root of the bandwidth.

F. To what extent is it ewpected that radio signals originating on earth and
refiected off the moon or man-made satellites will prove to be sources of
interference to the Universiby of Tlinois radio telescope? How would such
interference compore, in severity, with that generated directly by Chan-
nel 37 TV stations at various distences from the telescope?

The Graduate Research Center of the Southwest and Penn State took the
position that an exclusive allocation to radio astronromy would be highly
desirable because of inevitable reflections from aiveraft, the moon and earth
satelliteg if stations are transmitting in the band. The Universities of Illinois,
Michigan and Alaska expressed the opinion that satellites such as BOHG would
not create a serious problem due to their rapid motion

The University of Iilinois made reference to a report prepared by the Central
Radio Propagation Laboratory {(CRPL) of the Bureaun of Standards, dated
February 5, 1963, “Potential Interference from UHF Television Channsl 327
to the Radio Astronomy Service” wherein calculations showed that & television
station using Channel 37, on the Empire State Building, with an effective
radiated power of 202 KW would result in a power of —191 ' dbW at the out
pui terminals of the Illinois antenna approximately 59 of the time as a result
of tropospheric scattering of the felevision signal Since this level of signal is
within the detection capability of the radie telescope, the respondent was of
the opinion that nearly as many spurious sources would be recorded as real
sources. It was anticipated that a television antenna 365 high at Paterson,
N.J., with an ERP of 242 kW would produce similar results.

By comparison, power received as a result of reflection from the moon,
where the mgon iz on the horizon with respect to the television station at
Paterson, and randomly oriented with respect to Danville, would be —222 dbW
and therefore net a threat fo the radio telescope. On the other hand, if the
moon were randomly oriented with respect to the television station, and in the
main beam of the radio telekecops, the power received would be 163 db1W and
heavy interference would resgult. Undser the latter conditions, observation of
mocn radiation at 610 Mc/s would be impossible.

11. SITC filed comments in reply to those of the University of
Hlinois, expressing the view that [llinois was inconsistent in its ap-
praisal of the time required to complete its present program, in that
‘the magazine article referred to in the Commission’s Notice stated a
need for five years of night-time hours, whereas the filing with the
Commission indicated a need for 12 to 16 hours per day of actual
observing time. SITC tock exception to thé assumptions used in the
CRPL report referred to above. The CRPL calculations, while not
detailed in the Illinois filing, were made available to SITC by Ilii-
nois. SITC contends that with very minor changes in the CRPIL
assumptions, it can be shown that Interference will never be experi-
, enced at the Illinois radio telescope from a television station at Pag-
erson. SITC further contended that the University of Illinois had not

1 CCIR Report #224 (Gencva, 1963) deals with tolerable levels of interference for radio
astronomy. It concludes that a sophisticated low-noise receiver at 640 Me/s would sufer
harmful interference in the presence of unwanted felds in excess of 0.017 microvolis/meter.
It also indiedtes 7.9 x 106 W/m?/¢/s, incident upon an isetrepic antenna. as the tolerable
level. This ig equivalent to —251 dbwW or —194 dbw for a 5 Mc/s bandwidth a5 used in the
CRPL calculations. For receiving antenny gain G, the tolerable level becomes (7.9 £ 10-35)
(10-6/19) W/m?/e/s.,
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demonstrated that signals of sufficient intensity to cause interference
would be present at the output terminals of the radio telescope. This
contention iz based on the fact that the radio telescope half-power
beamwidth measured from the centerline of the main lobe covers only
nine minutes of arc and operates at or close to zenith angles, whereas
interference signals reaching the area by means of tropospheric scat-
ter would be confined to low angles of arrival and hence discrimi-
nated against by the directivity of the radio telescope. Additionally,
sinee the latter is ocated beneath the surface of the earth, it appeals
reasonable, in SITC’s view, that some measure of terrain shielding
would tend further to isolate the telescope from such interfering sig-
nals. SITC further argued that while Ilinois claims interference
would be received from the moon (—163 dbW) when the moon is in
1ts main beam, Xiinois does not show the probability of the existence
of such a geomefrical arrangement, which in fact could occur during
the quiet honrs specified for television stations in the Conumission’s
proposal, SITC considered unyealistic the need for protection ve-
quested by 1Hineis when compared to the criteria used by the NRAQ,
Green Bank, West Virginia. Despite the fact that the NRAQ antenna
has a sensitivity approaching that of Illinols, NRAQ requests only
that ne television stations operate within 150 miles of Green Bank on
frequencies being observed by NRAQ.

12. A number of pertinent comments were received, not related di-
rectly to the specific questions treated above. Carnegie Institution of
Washington, National Science' Foundation and the University of Il-
linois depioved the proposal to afford a protection period of only five
years on the grounds that: 1) even though it proved sufficient to per-
mit & cataloguing of discrete radio sources, it would not permit time
in which to study things discovered during that period; 2) the life
expectancy of the Tllinois telescope is considerably in excess of five
vears, yet it would be afforded no protection after January 1, 1968;
and 3) an instrument designed to meet a specific objective need not be
abandoned when that project is completed. ‘

13. As an indication of the degree to which Channel 87 would be
used by astronomers, it is mentioned in the comments that the Uni-
versity of Illinois and Stanford University are now observing in
that band; the Universities of California and Michigan as well as the
Carnegie Institution of Washington have specific plans underway to
use it: and the University of Pennsylvania will nse it if made avail-
able to the radio astronomy service. While several other observatories
were not specific as to future planning, their comments implied that
observations would be conducted in the band if made available,

14. Dr. R. M. Fristrom, Johns Hopking University Applied Phys-
ics Laboratory, commenting as an individual, suggested a compro-
mise solution whereby radio astronomy and television might share
time on Channel 37. He does not vouch for the practicality of his
approach and snggests it be examined critically by workers in the
feld to ascertain whether it holds promise. Dr. Fristrom suggests that
Channel 37 be exchanged for an unused educational TV channel
wherever possible, making Channel 37 available for educational pur-
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poses. A private foundation would then be established, sympathetic
to radio astronomy’s needs, to ensure a reasonable amount of public
usage while minimizing interference to radio astronomy. In instances
where no educational channel is available to trade for Channel 37,
and it has been assigned to commercial interests, a private founda-
tion might buy and operate the station, or buy advertising time and
dedicate it as blank time to radio astronomy. He considers it 1mnpor-
tant to operate one TV station experimentally on the channel to test
compatibility techniques and to devise new ones. Under his plan, dis-
crete segments of each hour could be designated as “quiei-time” or
the radio astronorny obscrvations could be interleaved in time with
the TV transmissions. In the Jatter case, it is suggested that the TV
signal be transmitted with a millisccond blank time at the end of
each line—which might result in a sienal degradation of about 10%.
Also suggested is the blanking of alternate pictures or every other
raster line, which respondent assurmes will vesult in about a 50%
degradation of the resolution. In either case, all radio astronomy
observations within interference vange of suecl a television station
would have to be carefully synclironized with the television signal,
and 1n either case the viewing public would be subjected to a seri-
ously degraded pieture. In the Commission’s view, such an approach
should be considered only as a last resort.

15. Of the remaining 100 or so comments filed in this proceeding,
none raised a point or posed a guestion not contained in the formal
filings identified by name in paragraph 5 above and, except for the
broadcasting interests, were virtually unamimous In urging that
Channel 37 be allocated permanently on an exclusive and nation-wide
basis to the radio astronomy service. The University of Alaska, in
supporting this position, pointed out that the space program requires
knowledge of the particle and electromagnetic radiation pervading
space at different times and places and that the radio astronomy serv-
ice plays a major role in securing such information. The National
Radio Astronomy Observatory expressed dishelief that Paterson,
New Jersey needs a TV channel badly enough to jeopardize radio
astronomy throughout the eastern United States when it is already
served by many stations. In this connection, it is noted that no mem-
ber of the general public in the Paterson area, or elsewhere, com-
mented in favor of retaining Channel 37 for television. ]

16. Among the many filings in this proceeding, both from radio
astronomers and the general publie, a number of misconceptions have
come to light. Among these are statements such as: (1) the FCC has
taken Channel 37 away from radio astronomy and given it to com-
mercial television; (2) * * * 608-614 Mc/s is at present the only re-
maining band in its oetave not already assigned for use by transmit-
ters and has heen recommended for radio astronomy in the radio reg-
ulations * * ¥; (3) * * * the general need of radio astronowv for

"oné cléar channel per octave of the radio spectrum is known to the
FCC.' 8¢ far, two such channels have been provided in the U.S.,
namely, 404-410 Me/s and 1400-1427 Me/s * * *; (4) European
broadcasters have been exeluded from the use of the band 606-614
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Me/s; (5) * * * at the Stockholm Conference of a year ago, the
European authorities agreed to keep the over-lapping two channels
In this region as elear as possible for radio astronomy use * * * (6)
= % * the (zeneva Conference, 1959, adopted a substantial measure,
of protection for 606-614 Mec/c which bas led internationally ¢o con-
siderablé progress * * *; and (7) * * * the FCC Docket suggests an
appalling lack of comprehension within the FCC of the nature and
needs of radio astronoiny and yet the Commission has power to erip-
ple and perhaps even destroy radic astronomy. We comment on these
matters below, in the interest of clarification.

17. (1) The URF-TV band, 470-890 Mc/s, consisting of Channels
14 through 83, has been allocated exclusively for television broadeast-
myg since April 11, 1952, and no portion thereof has ever been allo-
cated to the radio astronomy service within the United States.

(2) As of July 29, 1963, no authorizations had been granted and
no applications were on file with the Commission for Channels 54, 60
or 68, representing the frequency bands 7T10-716 Mc/s, 746-752 Mc/s
and 794-800 Mc/s, respectively.* !

(8) Since Qctober 1961, as refiected in Part 2 of the Commission’s
Rules, the following frequency bands have been allocated exclusively
to the radio astronomy service on a nation-wide basis:

40.66—40.70 Mc/s 10680-10700 Mc/s
73.0 -74.6 15350-15400

1400 1427 19300-19400

2690 -2700 ' 21300-31500

4990 -5000

On that same date, the following additional frequency bands were
allocated to the radio astronomy service on a secondary basis:

2495-2505 ke/s 14990-15010 ke/s
49955005 19950-20010
9995-10005 24.99-25.01 Mc/s

404-406 Mc/s

18, Tiems (4), (58), (6) and (7) of paragraph 15 are hest freated
in a chronological discussion of how the United States arrived at its
present posture, insofar as frequency allocations to the radio astron-
omy service are concerned. Although radio astronomy got its start in
1987 through the work of Karl Jansky, it was not until 1955 that any
official actlon was initiated in the United States to cater to the fre-
quency requirements of that budding sclence. Becoming aware of the
upsurge of interest in radio astronomy, in early 1955 the Commission
issued a public notice soliciting the views of radio astronomers rela-
tive to their frequency needs. Simultaneously, similar action was
taken by ithe Interdepartment Radic Advisory Committee (IRAG)
to ascertain the frequency requirements of various government agen-
cies in support of radio astronomy. Although an appreciable number
of replies to each inquiry were received, there was virtually no cor-
relation in stated requirements hetween any two replies. The stated
needs were so diverse as to preclude any realistic reallocation of the

2 There appears no prospect of clearing these bands world-wide for radlo astronomy,
and they are not now being observed in the United States.
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spectrum to accomodate them. Something approaching a total of
4000 Mc/s of spectrum space would have been required to satisfy
what amounted to individual, randomly-selected and unrelated hands
throughout the spectrum.

19. Following a series of discussions and exchanges of correspond-
ence with Associated Universities, Inc., and after consultation with
the TRAC, the Commission adopted a Notice of Proposed Rule Mak-
ing in Docket No. 11745 on June 20, 1956 looking toward the estab-
lishment of a protected zone around the newly-established National
Radio Astronomy Observatory at Green Bank, West Virginia and the
Naval Radio Research Observatory at Sugar Grove, West Virginia.
Comments in response to that Notice resulted in the adoption of a
further Notice of Proposed Rule Making on June 5, 1958 in the same
Docket. Subsequently, on November 19, 1958, the Commission issued
a Report and Order in this Docket amending Parts 3, 4, 5, 6, 7, 9,
10, 11, 16, 20, and 21 of ifs Rules to stipulate the following concept
in each:

In order to minimize possible harmful interference at the National Radio
Astronomy Observatory site loeated at Green Bank, Pocahontas County, West
Virginia, and at the Naval Radio Research Observatory site at Sugar Grove,
Pendleton County, West Virginia, any applicant for a station authorization
other than mobile, temporary base, temporary fixed, Citizens Radio, Civil Air
Patrol, or Amateur seeking a station license for a new station, a construetion
permit to construet a new station or {o modify an existing station license in
4 manner which would change either the freguency, power, antenna height
or directivity, or location of such a station withir the area bounded by
39°1%° N on the north, 73°30° W on the east, 37°20" N on the south and
&0°30° W on the west shall, at the time of filing such application with the
Commission, simultaneously nofify the Director, National Radio Astronomy
Observatory, P.0. Box #2, Green Bank, Waest Virginia, in writing, of the
technical particulars of the proposed station. Such notificatidn shall include
the geographical coordinates of the antenna, anfenna height, antenna direc-
tivity if any, proposed frequency, fype of emission, and power. In addition,
the applicant shall indicate in his application to the Commission the date
notification was made to the Observatory. After receipt of such applications,
the Commission wiil allow a period of twenty (20) days for comments or
objections in response to the notifications indicated. If an objection to the
proposed operation i3 received during the twenty day period from the National
Radio Astronomy Observatory for itself or on behalf of the Naval Radio
'Research ©Ohservatory, the Commission will consider all aspects of the problem
and tzke whatever action is deemed appiopriate.

Through this action, and parallel action by the IRAC with respect
to government operations, a “quiel zone” extending approximately
100 miles on each side and embracing the entire radio spectrum was
established to protect radio astronomy observations at Green Bank
and Sugar Grove, W. Va.

90. The International Radio Consultative Committee (CCIR) is
,one of the permanent organs of the International Telecommunication
Union (ITU) and normally holds Plenary Assemblies at three year
mtervals. Recommendations and Reports adopted by such assemblies
gerve as technical bases upon which subsequent Administrative Radio
Confergnces can develop changes in the international Table of Fre-
quency Allocations in the event cther considerations indicate a change
is warrailted. The IXth Plenary Assembly of the C.C.1LR. (Los An-
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‘geles, April 1959) adopted Recommendation No. 314 pointing out the
basic needs of radio astronomy, l.e., bands in which spectral line ra-
diations could be observed and those in which continnum observations
could be made. Spectral lines are characteristic of specific' elements
and represent their natural periods of oscillation, and henee, fhe fre-
guencies at which such radiations appear in the radio spectrum. Spec-
tral lines are dictated by nature and offer the frequency alldeator ne
choice except in the width of the band which might be reserved for
the study of the spectral line. Continumn observations, on the other
hand, may be conducted in any part of the radio spectrum, but, in
order to get the best sampling of data, should be conducted in a series
of bands having octave relationships throughout the spectrum. The
specific spectral lines and associated bandwiths for which complete
iniernational protection was recommended by the C.C.I.R. are as
follows:
deuterium 327.4 Me/s (322-320 Me/s)
hydrogen 1420.4 (1400-1427 Me/s)
OH radical 1667 (1645-1675 Me/s) ,
Of the three, only radiations from monatomic hydrogen have ever
been detected in nature. The bands snggested for continnum studies
in Recommendation No. 314 were 40, 30, 160, 640, 2560, 5120 and
10240 Me/s, with over-all bandwidths increasing from a minimum of
1.5 Me/s to 20 Me/s. It will be notled that insertion of the deuterinm
and hydrogen bands into the list of continunm bands would complete
the cctave or approximate harmonic relationship of the total liat.
21. Subsequent to the YXth Plenary Assembly, Recommendation
No. 314 was considered by the ITTU Administrative Radjo Conference
{August-December, 1959) to determine the extent to which radio
astronomy could be accommodated. Because of a number of factors,
most important of which was spectrum occupancy due to existing
radio services, the radio astronomy service was afforded allocation
status in only one band, 1400-1427 Mec/. By footnotes to the interna-
tional Table, the following bands were made available to radio as-
tronomy on a world-wide basis without rights of protection from
those services having allocation status in the body of the Table itself:
26002700 Mec/, 4990-5000 Mc/s, 10680-10700 Mc/s, 15350-15400
Me/g, 19300-19400 Mec/s and 31300-31500 DMc/s. Below 1000 Mc/s,
however, it was not possible for the Conference to reach agreement
"cn a world-wide basis and only Regional provisions could be agreed
for radio astronomy., For example, Recommendation No. 32 of the
Conference recommended that administrations, in preparing for the
next Administrative Radio Conference, give consideration to the pos-
sibility of making an allocation in the range 37-41 Me/s and in the
meantime avoid, as far as practicable, assigning transmitting stations
at 38 and 40.68 Mc/s == 0.25 Mc/s. In ITU Region 2 (the Americas)
78-74.6 Mec/s was made available by footnote, whereas the remaining
two Regions gave the radio astronomy service footnote status in the
band 79.75-80.25 Me/s. Region 1 {European and African areas) made
150-158 Me/s available by footnote but the rest of the world could
not accommodate radio astronomy anywhere in this part of the spec-
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trum. Something approaching unanimity was achieved in footnote
No. 317 wherein 404410 Mc/s was made available in Regions 2 and
3 and 406-410 Mec/s was made avallable in Region 1.

22, Finally, with regard to the band 608-614 Mc/s, footnote No.
332 provides that:

In Regions 1 and 3, the band 606-614 Me/s may be used by the radio astro-
nomy service until such time as it is required for use by other servieas fo
which this band is allocated. During this period administrations should take
all practicable measures to avoid harmful interference to radio astronomy
observations.

23. Additionally, a European VHI/UMTF Broadcasting Confer-
ence was convened in Stockholm, Sweden in 1961, under the auspices
of the YTU, to devise an allotment plan whereby the broadcasting
needs of the countries concerned could best be met with a minimum of
interference to other countries and to themselves. Recommendation 2,
adopted by that Conference, recommends that

Administrations should continue to comply, as far as practicable, with a
request made by the Inter-Union Committee on the Allocation of Freguencies
for Radio Astronomy and Space Science (I.U.C.AF.) to avoid the nss of
Channel No. 38 (806-614 Mc/s) in the development of their GHF broadcasting
Services.

Despite the adoption of that Recommendation however, the Con-
ference allotted the channel for use by the broadcasting service in a
total of 41 cities in 14 different countries. Records available to the
Commission show that the channel is now in use for hroadeasting at
three lacations in Germany and two locations in the USSR. Addition-
ally, records indicate that Ttaly is using portions of the same band at
three locations for point-to-point operations.

24. In April 1963, a VHEF/UHEF African Broadcasting Confer-
ence was convened in (Geneva for the sime basis purpose as the Stock-
holm Conference. The results of that Conference, as they pertain to
Channel 37 (Channel 38 in ITTU Region 1), and as reported in Fele-
eommunication Jouwrnal, July 1963, are as follows:

* % % At an earlier stage it was decided to protect the radio astronomy.serv-
ice at least to the extent to which it was protected in the Stockholm Agree-
ment, In the Stockhom Agreement the use of Channel 38 which coincides with
band 606-614 Mc/s used in radio astronomy, was to be avoided “as far as
practicable.” When bands IV and V were being coasidered in the Plenary
gsesgion, this matter was again discussed. By this time, several countries had
included Channel 38 transmissions in their plans. Since radio astronomy is of
vital importance to the world and that no infallible method exists of providing
protection in this serviee if terresirial emissions take place, the case of Chan-
nel 38 was reopened. At this point the delegation with the largest number of
Channel 38 stations intervened and announced a dramatic modification—their
deletion of all proposed use of Channel 3% Thig action was greeted with
spontaneous acclamation, as was the announcement by successive delegations

that Channpel 38 would not be used for television * * *

95. The Channel 37 problem first arose in the United States when,
on May 6,'1960, the University of Illinois filed with the Commission

a petition for rule-making requesting the re-allocation of Channel 37

(608-614 Mec/s)® from television broadcasting to radio astronomy
on a Hdtional basis. The petitioner stated that construction of the

8 Charngl 37 in'the U.8. corresponds, in part, to Channel 38 in Kurope.
39 F.C.C
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telescope was under way near Danville, Illinois under a contract with
the Office of Naval Research. The design frequency had by then been
selected and construction initiated in the hope and anticipatipn that
610-615 Mec/s would be reserved for radio astrenomy by the' Geneva,
Conference (1959) as part of a proposal advanced by thd Nether-
lands which was not supported by the United States or other coun-

tries in Region 2. On March 8, 1961, the Commission adopted a'

Memorandum Gpirion and Order denying the University of Illinois
petition. On April 11, 1961, the University of 1linois filed a Petition
for Reconsideration and shortly thereafter asked, by letter, that the
petition be held in abeyance pending disposition of the proceedings
in Docket No. 11997 and that the petition be taken into consideration
in that proceeding.

26. Assertions charging the Commission with a lack of comprehen-

sion of the nature and needs of radio astronemy and implications.

that the Commission might cripple and even desiroy radio astronomy
are unjustified and ecan not be supported by facts. Whereas the exist-
ing 1nternational Radio Regulations afford radio astronomy only
footnote status in all bands other than 1400-1427 Me/s, as described
in paragraph 20, it will be noted in paragraph 16 that virtually all
of those bands have been afforded allocation status in the United
States. That improved position is a direct result of actions initiated
by the Conunission, on its own motion, in consultation with the Office
of Emergency Planning and the TRAC. Further, the proposals of the
Tnited States to the Extraordinary Administrative Radio Conference
to be convened in Geneva on October 7, 1963 to deal with frequency
allocations for space radiocommunication and radio astronomy, rec-
ommend that the following bands be allocated to the radio astronomy
service on a world-wide exclusive hasis:

1400-1427 Mce/s 15350-15400 Me/s

25902600 192300-191400

4990-5000 31500-31500
10680-10700

Under those same propozals, 73.0-74.6 Me/s wonid be allocated exclu-
sively to radic astronomy in Region 2, 402404 Me/s would be allo-
cated world-wide on a shared basgis with meteorological aids, and
1664.4--1668.4 Mc/s on a world-wide basis with meteorological satel-
Iites. In the last two cases, radio astronomy would be afforded second-
ary status.

DECISTON

27. Returning to the matfer at hand, the comments submitted in
this proceeding and all other information available to the Commis-
sion support the following findings and conclusions:

(a) Data which are of significant scientific value, and which may-
be of importance in the nation’s space program, can be obtained
through radio astronomy cbservations in the UHF TV portion of the
radio spectrum under the present state of the art.

(b) Obtaining certain of these data depends upon observations im
the same frequency band over extended geographical areas.

39 F.C.C.
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{c) The only prospect for world-wide clearance of frequencies for
radio astronomy 1n this portion of the spectrum is in the band 608~
614 Me/s.

(d) Considering only the University of Illineis chservatory, and
in view of the necessary protection level ecited previously on CCIR
Report #224, there 1s doubt as to the adequacy of a protected radius
in the order of 600 miles. Tt is probable that Channel 37 operations at
Paterson, New Jersey would interfers with ohservations at Danville
to a certain extent. Also, (since interference from different sources
would probably not occur simulianeously) the sitnation would be
ecomplicated by interference from other Channsl 37 stations if auth-
orized. Moreover, any interference which would exist, even though
for only a small percentage of time, might occur at eritical times in
the observing proeess. To the extent that observation programs would
be interfered with, the time of completing them might well be sub-
stantially increased, so that a longer period of protection would be
required to achieve the same results.

(e) Activation of the Illinois radio telescope will not obviate the
need for additional observations in different programs in the band
605-614 Me/s at other locations in the United States, particularly in
view of the fixed nature of the Ilinois radio telescope. It appears that
abservations al other poinis will be made and that adequate interfer-
ence protection shonld be afforded to yadio astronomy observations in
the band 603-614 Me/s throughout the United States rather than to
the Danville site alone.

28 The Commission is also persnaded by the comments filed that a
five year pertod would be insufficient to meet the needs of radio as-
tronomy in general in this portion of the spectrum. While perhaps
adequate for initial programs, it wouvld not permit a protected period
during which initial discoveries could be explored further. It would
also be insufficient to justify the installation of additional equipment
at observatories other than Danvlle, Tllinois, On the other hand, it
cannot be concluded from the facts at hand that a permanent reserva-
tion for this service and withdrawal of the band for television, is
justified. The Commission has concluded that a period of 10 vyears
should be adequate to meet the needs of radio astronomy and justify
the installation of observing equipment. In the interim, the matter
will be subject to periodic review to determine whether the protected
status should be maintained or whether Channel 37 should revert in
whaole or in part, to the television broadeasting service.

29. Failure to provide adequate protection to radio astronomy in
this portion of the spectrum may do irreparable harm to the cause of
scientific development. Therefore, the Commission concludes it would
be in the public interest to make Channel 37 available to radio astron-
omy, by footnote to the Table, on a nation-wide basis for a ten-year
period during which Channel 37 will not be assigned to any television
.. broadeasting station. Further, it is the Comrmission’s intention: 1) to
solicit the cooperation of Canada and Mexico in taking similar action
. In thiose countries: and 2) te initiate action looking toward modifica-
tion of the USA proposals to the Space Conference in October, to
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