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LONG BASELINE INTERFEROMETRY
IBETWEEN THE UNITED STATES AND THE SOVIET UNION:

SCIENTIFIC BACKGROUND AND POTENTIAL PROBLEM AREAS

Very little information can be obtained about the discrete radio

sources; we may measure only the amount of radio power we receive from

- them (their spectral flux density) at various frequencies, thelr position,

and thelr angular size (or in more detail, their brightness distribution
on the plane of the sky). Interferometry is concerned with the measure-
ment of the last of these quantities.

Interferometry is a widely-used technique in radio astronomy. Inter-
ferometfy'iqvolves a technique of using two widely-separated telescépes
that observe sources simultaneously in time. Each interferometer may
conveniently study radio sources in only a fairly narrow range of angular

size. The physical length of the interferometer baseline is directly

‘proportional to the wavelength, and 1nversely proportional to the angular

size of interest., TFor instance, the National Radio Astronomy Observatory
(NRAO) interferometer, with baselines up to 2.7 km, can only work with
sources larger than about 3 seconds of arc in angular size,

Radio sources of very small angular size are also of great interest,

because radio sources are apparently born small and expand with increasing

age. In order to understand the physical processes associated with the
birth of a strong radio source it is necessary to know more about the
properties of radio sources of extremely small angular diameter. To

study these objects requires interferometers with extremely long baselines--

comparable with the diameter of the earth,




The NRAO has, in the last two years, developed an interferométer
rec?iver capable of operafing_with no physical connection between the
two ends of tﬁe baseline. The signals from the radio sources are recorded
on digifal magnetic tapé, and the two tapes are taken to a general purpose
digital computer which reconstructs the signals and synthesizes the
femainder of the interferoﬁeter receiver. In order that the signals
may be reconstructed with sufficient accuracy, very stable timing in-
formation is needed at the two ends of the interferometer. |

We probose to observe with the long baséline interferometer with
thé two ends located at the 140-foot radio telescope at the NRAO, Green
Bank,‘West Virginia, U.S.A., and the 22-meter radio telescobe of the
Crimean AstroPhyéical Observatory R.S.F.S.R. We wish to observe at
wavelengths of 6 cm and 3 cm, allowing us to measure sizes of sources
in the range 0.000S-to 0.0010 seconds of arc at 6 cm and 0.0003 to

0.0005 seconds of arc at 3 cm. .

We hope to observe eventually at still shorter wavelengths to measure
angular sizes of still smaller sources. It is ne;essary to use the Crimean
télescoPe.for this work, because there is no other.radio astronomy tele-
scope outside the United States with such large collecting area of
sufficient precision to operate at wavelengths shorter than 6 cm.

‘ In.order to operate the long baseline interferométer, very acéuraté

timing information must be available at the two ends of the baseline.

These requirements are as follows:




1) Timing stability over the length of time required for
a single tape (3m) to better than the reciprocal of the observing
frequency (0.2'n$ for 6 cm wavelength).

2) fiming stability over a day of better than 1 us.

3}‘Timing of the two clocks relative to each other {or to
an absolute standard, such as UTC) of 30 us.
We attempt to meet the first requiremenf by the use of Hewlett-
, Packard rubidium vapor controlled atomic frequency standards. Thése are
not sufficient at wavelengths shorter than 6 cm, anrd our sensitivity
suffers_és a result (though not the accuracy of measurement on thé sources
we can see), NRAO has on loan from NASA, for use at Q?éen Bank, =a hydrogén
maser frequeﬁcy standard, which is an order of magnitude bettér than the
rubidium controlled staﬁdard, and if a device of comparable stability could
be used on the far end it would enhance the usability of the instrument,

The second fequirement follows,easiiy,for any. standard good enough to
meet the first. The third requirement must be met by carrying a running
clock either from Green Bank, or from some other place where UTC is known
to an aécuracy of a few microseconds (Geneva, Switzerland, has a standard
| whiéh is compared on a regulaé basis with othér UTC clocks; we are told
that there is a clock in Leningrad synchfonized with UTC by monito?ing the
North Sea Chain LORAN C emissions). Monitoring LORAN Emissioﬁs as a
secondary check on timing is also highly desirable.

We propose to send the following equipment from NRAQ to the Crimea for
this experiment. This equipment is for the most part the Qtandérd long
baseline interferometer terminal, and has already operated at four different

'sites iIn the U.S., and in Sweden, Germany, and Australia.
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-6 em Receiver

: U . S . GOVE .

Item Manufacturer Number Tag Number
Freq. Synthesizer XUC Rohde & Schwarz 444466 . 4629
Crystal Oscillator Rohde & Schwarz 4444291 4630
Tape Transport Ampex C-102 4631
VLB Delay Unit AUI 2 4632
VLB Control Unit AUT 2 4633
Loran-C Receiver TAUT T2 4634
Freq. Standard Hewlett-Packard 836-00109 5064

5065A
- VLB IF Comverter AUI 2 4637
Freq. Doubler Telonic 4254 4638
3 cm Receiver AUT 1 - 5063
and/or

AU1 1 1018

Plus additional power supplies, amplifiers, and spare parts as needed. .

The equipment sent to the U.S.S.R. should be accompanied by twe

scientists or engineers from the NRAQO--apparently no one man has sufficient

familiarity with the whole system to be able to fix everything which might

go wrong with it. In addition, one or two Soviet scientists will wish to

come to Green Bank during the run, in order to attain sufficient familiarity

with the equipment and procedures to better enable them to run a further

experiment without the assistance of NRAO personnel in the U.S5.S8.R. |

. Qur Soviet colleagues have indicated that weather is unsuitable for

observing at 3 cm wavelength during the winter months; therefore we would

like to perform this‘initiai experiment in the fall of 1969, preferably
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no later than October. We would hope to perform further interferometer

experiments on this baseline the following spring or summer, possibly

~at still shorter wavelengths.

' We anticipate that problems may occur in the following areas and
desire to set up procedutres that will minimize their occurrence:
1. Easy exchange of personnel between countfies on relatiﬁély
short notice.. N
2. Ease of commudica;ions, telephone or teletype (connections
should be established within 1/2 hour).
3. Permission to take equipment and magnetic tapes, separately
perhaps, into and out of the Soviet Union. -
4. Permission to tran;port a running clock across the Soviet
bordeg, if no satisfactory UTC time standard is available
in the Soviet Union.

5. Technical and mechanical assistance to mount NRAO equipment

on the Soviet telescope.’
6. A clear understanding of the nature of the experiment by officials

in‘ﬁhe corresponding Academies of S;ienCe and governmenf

organizations, so that a clear line of aid_is available in

case "red tape" troubles occur at either site or within either

country,




NATIONAL RADIO ASTRONOMY OBSERVATORY
Green Bank, West Virginia

July 30, 1968

MEMO TO: 'D. S. Heeschen’

FROM: K. Kellermann

.

We have received a letter and telegram from Russia (finally) about
the proposed VLB experiment. The letter seems to say the following:

a) Vitkevich did not answer our letter of February 23 because he
has been on vacation?

b) They are interested in doing the VLB experiment and the Soviet
Academy of Science has given approval.

¢) They want to send people to Green Bank to become familiar with
the equipment and technique. The USSR Academy will pay thelr travel ex-
penses to the U. S. Will we be able to provide lodging, etc. at Green Bank?
And can we arrange their visa's, ete?

d) How many people from the U.S. will go to the U.S.S.R.? They will
provide reciprocal accommodations in Crimea,

e) They have maser receivers at 8.2 m and 8 cm and can obtain masers
at 3 and 5 cm.

I suspect we must make some formal arrangements via the U,5. Academy
to bring the equipment into Russia. What shall I reply? This may be a good
idea to get a Russian here for an extended time. XKuzmin was to go to Caltech
this year, but that fell through. He might be one of the ones they are
planning to send.
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Joxropy HeayiepMany
" HauwoHanpHag pPazuoactTpPOHOMUYECHAN

oGoepparopus I'pun-baux ClA

Toporoit joxrop Kemsepmon!

NOKTOp BoB.BuTEesUy B HACTOSNES BPEMA HAXOZUTCA B OTIYCKE.
B ¢BABH G STHN ON NPOCUN MEHS GOOONUTE BaM pe3yIETaTH 00GYR—
IeHUs Bawero mpemioxeHus 0T 23 ferpans I968 r. IO HHTE pie po--
MeTDY GO GREDXAMUHHON Gasoif.

M BOMETEPECORAHE B NPOBCACHUM TAKOIO DKGTEDUMCHIS ¥ npegm

BAPUTEIBHO GOPH&GOB&HH ero ¢ Axanemuell Hayk. in paccMoTpeid
Hoiy BOSMOXHOGTYM M IDHEJM K BHBONY, 4YIO TR0l BECIEPHUMEHT
eJe o006 pasHo nposecwm He Ha pazuorenecyone PT 22 (T CBPHJKOB),
a Ha GoJee GCOBEPUEHHOM oagmomexeonone BHONOTHYHON KOHGT DYKIMH,
pacnonomenﬂom B Kpumy ¥ Cumeusc. JT0 MECTO HMGOT Goxjee Gnaro-
NpUATHEE METEOPONOTHYCCENe yCIOFUL H Gosee yEOOGHO ¢ TOYKE BpPE-
HWs OpUEHTAUNM (a3u, R HAGTOANEe ®BPOMA HA PazuoTENE cKONIe HBYaTH
[OACOTOBHTCALHNEG PadpTH. B ¢BASW G 9TUM HAaM HEOOXOUME CXOMH
y yeprexn Bawel anmnapatypu, KOTopad CyZxeT yCGTAHOBJIEHA Ha pa-
THOTEIBCRONE, BHUTINTE, noxanyficra, Tawrxe NPEIPUHTH Bauyx pa-
GoT 10 CREPXZAIhHEH KATOPHEPOMSTPHA. llas Gonee JETANBHOIC O3HA~

KOMIGHAH C AUUADATYDOH M MOTOANKOH HAGIRAEHUR My XoTeny OH
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HYIPaBUTh HAUNX CTEUNamncros B I'puE BoHK. Coofuutce HaM,
roTOBH AN BH MPUYATH HamuX CIEUMaNicTos. B GBOW 0UEPEHE HAGC
WHTEPEGYOT CKOJBKO UYSNOBOK U HA Kaxoft ¢pox Bu npepnoxaragte
nociars ® Comercruit Cowz. Pacxozn ﬁo‘npeﬁmﬁaﬂmm onenmaHMGTdB
onioil W Apyroit GTOpOHH, HOBMAMMOmy; eN6 cO0CPAsHO YTOGH

B3AMa Ho ce0sd OpuHAMawuas ¢TOpoHA, & pPACGXoAH HA NPOcai

CilA ~ CCCP wanpapadomas CTOPOHA.

| B orseT Ha Bamy TeﬁePpaMMy or 29 ampensa 1968 T. coobuwan,
ypo B HACTOSMEs BPEMA MH pacmoiaraci Ha pajuovesecKons B
KpunMy Masepamyl Ha BOEEE 8,2 MM, 4 Takxe Ha BOINHY 8 CM.

Kpome Toro K Hauaxy I965 T'. My MOWOM NIOIywITH MA3OpH HA BOJIHH
3 n 5 cM, Ha sonny 21 oM MH MOMEM UMETD napaMeTpuuc Rl you-

AHTETH. BOZODPOLHOTO GTEHAADTA YAGTOTH MIM CTAHApTa ¢ TaxoH

%6 CTaSUIBHOGTEI MH He mMecM. AmvenHa PT 22 (KpwM) sMeer

KO3qUIIeNT WCIONb30BAHNA 38pKaJa NMOPAAKa 0,5 HY ROTHE 8 MM
W ofgQreunBaeT TOUHOCTE GONPOBOXECHMA OK0ZMO 20 CeK. JyTH.
K xoumy Toja Ha aHteHHe CyAeT yCraHOBJIGHA KaccerpsHoBcRas

CHCTEeMa OCIYYSHWU.

C ruyGoKdAM YRAKEHHCH

. MaTBREEHKO

52 ES. Vi 6<}: 67/?%94%6/ / A
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ﬂonmopy Henﬂepnaﬂy
HauMOHaHBHaH paﬂﬂoaOTpOHOHHUGCKBH

odc PB&TODHH PpHH~BDHR CHA

. Jioporoii moxrop Henaepian!

”HonTop B.B. BUTEE By PVHaC”OFmee ﬁDGEH HAXOZNNGH B OTIYCHG .
B GPHBH ¢ BTHH ol npocnn MEH GOOG?ITB Bau pesyibrari odcyxw
ﬂeHhﬁ Bambpo HDBWTOnGHWH or 23 @evpamﬂ 7968 T, IO HH&CQ po~
- MeTDy co GTerﬁhHHHOﬁ Gazoii. |

MH BGMHTGDCGOﬁaHH B HpOPuﬂGHhF TaHOPO DnGHeDhHGh?& " HUGK"

"BaDHLCHBHO cornacoaaum eT0 ¢ Anaﬂe”mew Hayx., Nm pPaCCHOT Py

- Hau BOBNOZHOGEH ¥ TpHNIM K RHMBONY, UYTO P aK 0l agcnepmuﬂn
.uenecoodpaSho 1poBeCTH He HA payumorexecxone PI 22 (r.Cepnyxon) .
| ' |

a Ha G0jice COZEDUSHHON DA [0TETE GKONe aHaHOP%qHOﬁ KOHGT DYRIH,

Dy ® CliNeHse. DTO HECTO Huged gouee Gﬁar0w

-

;paCHOHOEGHHOM B K
HPHATHES HETE0 POIIOT HYyg GRS YGHO¥UH % Gonee yEOGHO"C‘loUﬁE Bpe~
' Hug opuenTauyu 6asy. P HacTOEﬂee'ypeHﬂ Ha,pazwoyeﬁeoéoﬁe Fauar:
) noﬁfomoaﬂzeﬂsﬂme padyTH. BHCBH°H-G amuM Hau 1 GOJ{Op'H; RGHE!
W uepTei Bameﬁzaﬁnapfmvpa, KOLOUHH dvAee YCPAHOBASHA HA Da-

= ‘ W b T'“.'.' 11 Do .
'nuomeﬂeoxone. BurnnTe, noxaxyﬁcaa. TaREe MDSTPHHTH Bamix pa-

6ot 110 cseuxﬁaﬂﬁ*ﬁa puTendepoueTYAi, JiA §0liee [eTa: 55070 025"
KOUIEHNHS © a”TaUS“"DOn 1 uenoA1:o° HAOHNEEHIH B KOTGHH Gl
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»HaHUaBHTh Hﬂuux GHGHI&HHGTOB B qun BDHh. COOOLI ¢ HaM,

: POTOBN nir Br npnqﬂTb HAUHX CH@HTQHHOLOB B cBon Ovepeﬂb HAaG0

'junlepecJeA CHONBKO UGNOREK ¥ Ha FaHom CDOK B npeﬁnouaraeme

_ N0CHATH B COBGWOHHH Cows., Pacxoxm o HDPGUBaHUD CIELHATHCT 03

f‘onHou 7 KleOM GTOpOHH, HOBWNHMOdy, ueﬂeoooﬁpasﬁo yT00H

.

"BBHHa Ha - ceﬁq HDHHMM&%M&H GTOpOHa, a DaGXOﬂH Ha npoe

_;CMA ~ CCGP HanoaBHﬂmuaH ¢TODOHA.

B omBel Ha Bauy Tenerpauxy oT 29 aroenq I9 8 T. coonam,

: QTO B HHC&OHMGG BDuIH ﬁﬁ pacﬂoralaen Hd paA”OTGHCCnOHG B

. KD”?J Ha3epail! Ha Boqnw 8,2 Mi, a DAlHe Ha BOth 8 ci.

" Kpowe TOT0 K Haqﬂﬁy 19 63 Te MH rouen HOHJUHTB na3°nu 'Ha BOJHH

-3 n5 M. Ha bonqy 21 Cif MH MOHGH MMGTL rapqﬁeloqnuOﬁuu you-

JHTCHE . BOqooozﬂoro olaﬁnap”a YAGTOTH I cmanAaDTa ¢ Taxoif

",‘xe GL&GWHDHOG 10 h] HO HNEBH . AHT@HHa PT 22 (hp%i) HEET

‘KOS&W?NWBPx hGHOHBSudadHH 300&371 HOpHIWa 0,5 Ha BOXHE 8 M

n odecnavﬂﬂa A nOQ_OGLB CONMpPOBOE/ICHUH OKONO 20 cek. nyrn.

X LOHLJ roxa ua adLaﬂne GV;GT yGTaHOB IgHa Kacca?peﬁoﬁcﬁaﬁ

gueTea O0TyuSHN,

C rayGoKii yBaxeHUS:
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ACADEMY OF SCIENCES OF THE USSR ' K
P, N. LEBEDEV PHYSICAL INSTITUTE Bec

Moscow, Leninsky prosPect,VSB, USSR

July 27, 1968 ES
Dear;Dr. Kellermann: ) =N
Dr. V. V. Vitkevich is on vacation at present. Therefore he &
has asked me to communicate to you the results of our consideration of f}
your suggestion of 23 February 1968 regarding very long baseline inter- . B
ferometry. o ' - - ‘ _ S %'

S " We are interested in conducting such an experiment and we ,
¢ have tentative agreement from the Academy of Sciences. We have considere
" our own possibility and have come to the conclusion that such an experiment
would be most appropriately conducted, not with the RT 22 (Serpukhov) radio
- telescope, but with the more refined radio telescope of similar construction
located in the Crimea at Simeis. This site has more favorable meteorological
conditions, and it is more favorable from the standpoint of the baseline
orientation. Preliminary work on this radie telescope has been started.
It is necessary for us to have plans and drawings of your equipment which
would be mounted on the radio telescope. Please also send preprints of
your papers on very long baseline interferometry. In order to obtain a
more detailed acquaintance with the equipment and the observational pro-
-+ cedures, we would like to send our specialists to Green Bank. Please
. inform us whether you would be prepared to receive them. In turn, we would
be interested in knowing how many people you propose to send to the Soviet
Union and for how long a time. Expenses of residence of the specialists
e in both places would seem most appropriately to be borne by the host organiza-
. __.__ . __tion, while the expenses of travel between the USA and the USSR could be
- - assumed by the parent organizatioms.

: In reply to your telegram of 29 April 1968, at present we have
in place on the radio telescope in the Crimea masers operating at wave-
lengths of 8.2 mm and 8 cm. Also, toward the beginning of 1969, we shall
_acquire masers at wavelengths of 3 and 5 ca. We can have a parametric
amplifier at 21 cm. A hydrogen frequency standard or a standard cf comparable
stability is not in our possession. The RT 22 antenna (Crimea)} has an
aperture efficiency of about 0.5 at 8 mm wavelength and can be pointed

_ with an accuracy of about 20 secouds of arc. A Cassegrain system %ill be
installed on the antenna toward the end of the year. '

With best regards,

A. Matveyenko
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NATIONAL SCIENCE FOUNDATION
WASHINGTON, D.C. 20550

DUPLICATE

: Seytéﬁber_9, 1968

" Dr., David S, Heeschen

- Director

" National Redio Astronomy Observatory
- Edgemont Road

' Charlottesv1lle, Vlrglnla 22901

Dear Dave:

The scientific value of coriducting s VLB experiment between
Green Bank and Russia is certainly great. The experiment
would surely provide some new information on the size and
structure of quasars and variable radio sources and it is
a very desirable step in radlo astronomy.

However, in view of the present polltlcal unceriainties in
,Eastern Furope, it would seem preferable to go slowly so

far as'planning to send NRAO people and equipment to the
Crimea, Soviet Union. As a preliminary step it would appear
that you could go ahead with your plan of inviting Russian
scientists to visit NRAO and become famlllar with the equip-
'ment and techniques that are used, :

When the Eastern European situation becomes more stabilized
‘we will continue to work with the State Department in assisting
with necessary arrangements for faclilitating the experxriment.

Sincérely yours,
SIGNED
Randal M. Robertson

Associate Director (Research)
2 ’
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TRONOMY OBSERVATORY .
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NATIONAL RADIO ASTRONOMY OBSERVATORY

Green Bank, West Virginia
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VIB FQUIFMENT
R T
1 | Serial U. S. Govt.
i Item Manufacturer Numbexr Tag Number
; Freq. Sypthesizer XUC Rohde & Schwarz 444466 4629
Ifj Crystal Oscillator Rohde & Schwarz 4444291 4630
Tépe Transport Ampex €-102 4631
VLB Delay Unit © AUI BEPS 4632
VLB Control Unit AUT 2 4633
Loran-C-Receiver ' AUT , ] 2 4634
Freq. Standard . Hevlett-Packard fpssp 836-00109 L0 & 4f-
VLB IF Converter AUI Co 2 - 4637
Freq. Doubler Telonic - - 4254, 4638
"3QH @syu,w. Reée,w-ec Mﬂém@&g Sy 5063
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) NATIONAL RADIO ASTRONOMY OBSERVATORY
' EDGEMONT ROAD

CHARLOTTESVILLE, VIRGINIA 22901
TELEPHONE 703 -296 - 0211

POST OFFICE BOX 2

GREEN BANK, WEST VIRGINIA 24944 . - ) . - -
TRLEPHONE 4. 456 - 2011 . February 13, 1969

< TWX 304-%40.208t

T W
T o :e _'.'-'. - ;;Lilwg, Q—<>x¢,»£j1; *J““viﬁ 534*"t*
S L . o raovwkM; ﬁLAJDA \?Q&Q$MJ*UBTM

Dr. Randal M. Robertson ' G;)
Ak

Associate Director, Research GL»kA Clb MJL*M, .
- National Science Foundation QQ
1'\. M’\. Ix
- Washington, D. C. 20550 - e"‘-’“ S Tud Qurrs

_- Dear. .Dr'.' Roberteen: | L_ﬁ. m f“{ J% @D*x.)::i‘i—b_\ :‘T::C’{Vm

' . As a prelimipary step toward our planned ‘VLB. 39 JBH--
experiment between Green Bank and the Crimea, USSR, we have just S
. concluded-a visit by two Soviet nationals, Drs. Matvenko and /,,f’(”’ff -
Moiseyev, who c¢ame to Green Bank to . learn our procedures and o R
.techniques. B ~ -
. - We tentatlvely plan to run the exPerlment in
_ mid—October 1969 and at that time two NRAO staff will be at the .
Crimea and one or two Russians w111 be in Green Bank for the
observatlons.

e o As the NSF and State Department staffs. have
Suggested we will work with the Office of Export Control, De- "~
partment of Commerce, in order to assure the smooth flow of

" necessary equipment to and from- the USSR and we are working through
the U.S. National Academy of Sciences with regard to the NRAO visits.

rinryour ietter oflsebteﬁbefvé; 1963 &bﬁtaeked ﬁeiﬁo-mrﬂﬂh
. go.slowly with our plans for sending NRAO personnel and equipment to
the USSR in view of the political uncertainties that existed in

Eastern Europe at that time. That situation has eased considerably . . .~ .
and unless you have serious objections, we shall proceed on the

. time scale outlined above. - S T L
| o Slncerely yeurs,r'" [ _
& /{/MJL’_ L
-RS &%&m L |
'Déﬁ:fﬁc |

OPERATED BY ASSOCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION -
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ANATIONAL SCIENCE FOUNDATION , 635
WASHINGTON, D.C. 20550 AR ‘/,E'G-G’-‘

: Méréh 3, 1969 g, k

. Dr, David S, Heeschen, Director

" National Radio Astronomy Observatory
Edgemont Road
Charlottesville, Virginia 22901

Dear-Dr._Hééschen:

I was pleased to learn from your recent letter that two Russian
scientists had visited Green Bank and had become familiar with

the procedures employed in carrying out the Very Long Bageline

- experiment between Green Bank and Russia.,

- If the Eastern Furopean situation does not become more unstable

in the next few months, it would seem reasonable to go shead with -
your planned VIB experiment between Green Bank and the Crimea. It

i understood that this experiment would probsbly be conducted
sometime in the middle of October of this year. You will, of course,
contimie 4o work with the Office of Export Control to assure that
_the shipment of the equipment complies with their regulations and

" with the National Academy of Sciences for their help in arranging

the visits of the NRAO personnel. ‘

Sincerely yours,

QMM.M . C%av?wm

" Randal. M. Robértson
Associate Director (Research)

Copy to: _
Dr, Fracnklin A, Long .
Chairman, Board of Trusiees, AUI
Upton, L.I,, New York 11973

Enclogure 3




NIGHT CABLE ' MARCH 24, 1969

DR. L. MATVEYENKO
LENINSKY 53
LEBEDEV

PHYSICAL INSTITUTE
MOSCOW, USSR

OUR OBSERVATORY NEEDS LETTER OF ASSURANCE FROM SOVIET ACADEMY OF SCIENCES
THAT WE WILL BE ABLE TO SEND VLB TERMINAL EQUIFMENT BOTH INTQO AND GUT OF
THE SOVIET UNION FOR OCTOBER VLB OBSERVATIONS. WE CANNOT PROCEED FURTHER

WITH ARRANGEMENTS UNTIL. THIS AUTHORIZATION HAS BEEN RECEIVED BY THE NRAO.

D. S. HEESCHEN, DIRECTOR

e e e
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NATIONAL ACADEMY OF SCIENCES
2101 CONSTITUTION AVENUE
WASHINGTON. D, C. 20418
OFFICE OF THE FOREIGN SECRETARY April 16, 1969

*

Dr. W. E. Howard JYII

Assistant to the Director

National Radio Astronomy Observatory
Post Office Box 2 .
‘@reen Bank, West Virginia 24944

Dear Bill:

As your secretary told you, I telephoned yesterday tv ask for a
change in the date of the meeting in Washington about the VLB experiment
because April 22 was inconvenient for at least two of the Washington
partieipants. I proposed April 23 instead, at 10:00 a.m., Room 218,

Joseph Henry Building, 2lst Street and Penmsylvania Avenue, N. W. (which
is located some blocks from the NAS Main Building at 2lst and Constitution).

I did not leave word but am writing now instead to tell you that Bob
Hull at NSF¥ cleverly got in touch with the export comtrol people at the
Department of Commerce to find out whether the export of items listed on
page & of your proposal would cause any problems. He was told that only
the Loran-C Receiver might need an export license and special approval.
Therefore, you would be advised to bring with you to Washington whatever
would be appropriate in the way of specifications and the like to support
a request for an export license (see enclosed application for export license).
It does seem early to be worrying about that, but then it's hard to tell
which bureaucracy is going to work more slowly.

. . I look forward to seeing you and Dr. Clark onm April 23.

Sincergly yours,

Layrence C. Miftchell
Staff Direg¢tor
Section on USSR & Eastern Europe

Enclosure:
Application for Export License.




. TRANSLATmN,

16 April 1969

Dear Df. Heeschen:

'In'reply to ybur télegraphe&‘inquironf 26 March, I have the
‘honor ﬁo communicate the foliowing. | _
- The Presidium of the Academy of Sciences of the USSR guarantees
to the National Radio Astronmomy Observatory that the American equipment
for very long baseline interferometry will be permitted to enter and
leave the USSR, for the experimental investigation of quasistellar

objects to be carried out in October of this year.

With sincere respect

Academician (Ya.-V; Peivej

Chief Scientist Secretary
of the Presidium of the
Academy of Sciences of

- the USSR

Enclogure 2




|

u damy

© Adpec dan meacepasm ¢ Hpesuluym Al-CCCP: Mocksa, B-71 ,' Hagra

- flpu omeeme ccolaampsca Ha Haut N

, _ Liﬁ\r{_‘?‘ Lé._}g. EEA:?TFL
COI03A COBET’“KHX COL}\HAJIHCTH'-{LCKW\

PECHYBJHK

~
L]

Mocksa, B-71, J[GHHH_CK{HY npoc;zemu,lai

Tea. B 4-97-04.

DS, HEESCHEN
DIREGTOR

A /{:‘ »

NATIONAT, RADIO A%‘I‘RON(MY OBOERVATORY

CHARTOTTESVILLE
VIRGINIA 22901
USA

PﬂthHH yqeﬁmn cexn
Awvanemiy Hayy CLC

EII{aJIGMMF

YBamaemum PmH XﬁmeH,

YeCTh coodmnms ‘CreAyLee,

C VCRPGHHY& yBameHHGM

8eTapB Hpesmguyma

B OTBeT Ha Bam TeJerpadHril 3anpec oT 26 mapwa el

HPGSﬂﬂMYM ARGECMHM Hayh CCCP rapaHTMpyCT HaUJOHaﬂbh
.HOH paﬂHOQGxPOHOMquGROK odcepﬁawopnm BBO3 4 BHBOB M3

CCCP aMepPUKAUCKOY aunapatypH payiounT epliepomerpa cO

PUMEHTA IO HCCAEHOBAHUY KBABM3BESIHHX OCBHEKTOBs

s

‘(H;BoﬂeﬁBe’
/

196.7¢.

CBEPXIIAHEONR Gas30il Jid MPOBORMMOrO B OKTACPE C.T'. BKCIE-

L



Dave,

This is a z off1c1al communlcation from the gods. Peive i1s

an enormously big shot. If the English of the translation sounds

stilted, it is because I tried to make a falrly falthful.rendltlon
of the highly formal Russian.of the orlginal I think it should be
regarded as a legal document that could be an effectlve hammer in

your hand if difficulties arise later.. .
| - © o Cam 4/23/69
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Dear Biil:

I =m sending with this note an applicetion for
an export license for the Loran-C receiver that, according
to the encloged letbter of April 16, we will have %o
obtain speclal approval for in order to send the item
to the Soviet Union for the October VLB experiment.
Would you please complete the applicatlion using
John Payne and Barry Clark for any speclal information
you mey need and send it back by shuttle on Tuesday
so thal Barry Clark can bring it to cur Washington
meeting on;April 23rd, Many thanks,

Bill Howard
(Item 1o be sent by shuttle Monday)

Barry knows about it but John does not. Bub Joln

wiill know what you are talking about.




NATIONAL RADIO ASTRONOMY OBSLRVATORY
Charlottesville; Virginia,

April 24, 1969

'MEMORANDUM TO FILE
From: W. E. Howard
- On Aprll 23 Barry Clark and I met wlth the follow1ng 1nd1v1duals
'to dlscuss preparaLlons for the October VLB experlment to the Sov1et
Union:
Mr. Lawrence C. Mitchéll, U. 5. National Academy of Sciences
‘Mr. Robert Hull, National Science Foundation
Dr. Everett Hurlburt, National Science Foundation
Dr. Ganley, Department of State, Office of 861ent1£1c and
' Technical Affairs
Mr. Lee Gotzlinger, Department of State, Soviet and Eastern
' European Exchanges Staff.
The main results of this conversation follow.
- - The first step we must take is to talk with the peoPIe in the
Department-of'Commérce concerned with export control and determine with
7\7 them what equipment is to be sent, the use to which it will be put, and
for how long 2 period we intend to leave it in the Soviet Union.
Apparently we shall need the manufacturer's detailed description of
every purchased item that will be sent to the U.S.S.R. The Department
of Commerce will have to clear this equipment in detail and if any
items are in the leaSt'bit.sensitive; further clearance will have to be
obtained from an office called COCOM, an international agency of western
.nations which controls commerce to and from the eastern nationms. Even
'if the Commerce Department gives us permission to ship a sensitive piece

of equipment, COCOM must also do so before it can be_shipped to the

Soviet Union. It will be virtually impossible to arrange to ship




-materral to the Sov1et Unlon and leave 1t there for any extended perlod |
of time with an NRAO staff member not in attendance. Consequentlf,~wa
: w1ll probably want to Shlp the eqnlpment.ln, run the experlment land
shlp it out rlght away . |

Only after we. have complete certalnty that all the necessary pieces ofu
. equlnment have these autnorlzatlons for shlpment to the Crimea will it be
.p0331ble to start an agreement between the U §. and Soviet Academles of
Sc1ence Larry Mltchell is prepared to do this once the shlpplng problems
have been cleared up. After the two Acadenies have agreed, such problems
‘as exchange of personnel between the two eountrlee,Athe rapld establlsh—
ment of communications durlng the experdment, and technlcal and mechanlcal
. assistance to mount our equlpment on the SDVlet telescope can be dlscussed

Bob Hull has already had prellmlnary dlscu581ons w1th the export
'control people at the Departnent of Commerce and Mr, John Snepard and
| Mr. Ron McGee are the names ofrthe people with whom he has discussed the
probiem,so far. | |

Huli has no objectton to odr dealing directiy With the‘Departnent
'of.Connerce bnt has'yolunteered his serviees and those of tne NSF should
‘problens arise during the disouesions.

It is my nnderstanding that Bill fowell will be contactiné the
Department of Commerce next week about this problem and‘Irhope that these
details can be ironed out quickly so that we can proceed toward the .
~ inter-Academy agreement that w111 permit us to carry our plans further
i ‘Con51der1ng the steps that need to be taken, the time between now and
September—October when the experiment will.berrun'is short and I think

we should pursue all these negotiations as quickly as possible.

cc: D. S. Heeschen (for information) B. G. Clark
T. R, Riffe - . K. I. Kellermann
W. Powell ' ‘ : :



Hay 8, 1969

7
o,

Direstor, Office of Zuport Control
Department of Commerce
yaghington, U ©. 20230

Desr Sir:

The Natlongl Radilo Astronony Obaervatery (NRAQ), s wholly-owned
Government reseaveh facility, operated by Assoelated Universities, Ine,,
o nog-profit corpiration, under sontraet with the Hetlopal Sclence

Foundetion, hem sentatively scheduled sn expeviment in redio astzonomy
for mid-Oetober involving the Obpervetory at Green Bank, West Virginla,
and the Orings Astrophyeical Observeioery, Simferopal, Cirimea, U.B5.8.R
The purpose of this letter is to request the Orfice of Export Control's
segistanse in obtaining the necessary permlie end clesrabecs in opder to
shiip certein electronic reeeliving and recording equipment to Ruseis in
order to perform this experiment (s listing of the princ pel glements of
the equipment 1s atieched hereto ss Enclosure 1},

In the course of our sehivities, we have developed seehnicues in
very long beseline interferometry (VLB) which require simultensous ob-
cervations from widely spaced radlo telascopes. To oblzin the necesgsry
speeing, we conduclt prograus with prineipal redio sstronomy observetories
throughioud the world, In order %o obiain competibility between the NRAD
snd the perticipating cbservetory, we provide the equipment necesssry 1o
ssmantiolly duplisste the Green Bank syslem. A% the gonelusion of the
exveriment , wsually lagting from ohe to two months, the eguipment is re-
turned to the United Stales or moved lo enother shservetory for furiher
gtudies ubilleing the VIE technigue.

411 of the equipment is the property of the U. 5. fovernment snd none
of 1t iz claseified for securily puwrposes. '

14 iz our hope thet the Depuriment of fommerce will find it posaible
to issue s Letker of Authorizailom for the shipment of this equipment to
the U,8.5.R,, including any replacement perts which might be needed because
of melfunction or becatse of lack of knowledge of just whet our requivements
might be until afber the ecuipment is set up at the Crimean Observatory.




hmomg the people with whom we heve consulied vegarding the experi-
ment end the sgspey sach représents, are:

¥r Leawrence €., Mitehell - U8 Hetional Academy of Sclences

Mr . Robert Hull ~ Netionel Selenge Foundstion

Dr. Bwerett Hurlburt - Nationsl Soisnce Foundatlon

Dr. Genley - Q@@awtmﬂnﬁ of Btete, BiTice of Scientific and
Teshmical Affairs

Mr, Gotzlingsr, Depsrisent of Stebte, Soviet and Eagtern
Biropesn Ezcéhanges Staff

My, Dougles, Deperinent of Commeres, Office of Export Comirvol

. Brooks, Department of Commeres, ﬁff&aa of Bxport Contrel

In adéition to the above, we hove besn assured by the U.8.8.R. Acsdemy
of Seiencés that no ﬂzzfiauliy will be interpused by the Soviels In moving
$he souipment in or oub of that country (see Enslosure 2 with branslation),

A letter from the Netionel Scilepce Foumdation eoneurring in the
desirability of conducting such an swperiment ss we propose is inciuded
sa Enelogure 3.

Since other arrengements eopmecited with this project depend upon ap-
proval of this proposal by the Office of Export Joniroel, we request your

sariiest, convenient copgideration of this matiter, and 1f further informs -
tion is r@guix&d; plesse let us know,

Yary truly yours,

PropertyOfficer - o st im

Bogs 3



NATTONAL RADIO ASTRONCMY OBSERVATORY
Green Bank, West Virginia ‘ -

VLB FQUIFPMENT
Item Menufacturer Ser, No. Yalue Tag No.
Freq. Systheéizer.XUC*/' Rohde & Schwarz L4466 4,089.38 4629
Crystal Oscillator Rohde & Schwarz 4444290 4 ,089.38 4630
Tape Transport Ampex Cc-102 | 14,849.50 4631
VLB Delay Unit AUT 2 3,500.00 4632
VLB Control Unit AUT 2 3,900.00 4633
Loran-C.Receiver AUT 2 180.88 4634,
Rubidium Vapor Standard ;" Hewlett-Packard 836-00102 &,800,00 5064
Micerowave Amplifier Hewlett-Packard 811-01038  2,250.00 4880
VLB IF Converiter « AUT 2 1,000.C0 K637
Freq. Doubler Telonic | 4254, 1,150.00 4638
Mixer, Preamp Lel 137799 752.38 3386
Preamp _ CLel _ 753 .15 2822
Amplifier Lel 5,885.00 3339
Freq. Multiplier ' felonic 4252 950.00
Klystron VA-92C _ Varian 4923 1,225.00
Recelver, 3 cm . AUT , 1 16,136.59
Receiver, 6 cm . AUT 1 17,634.59
/ AN ' gl I
Total 87,145 .85

Plus attendant wiring and connecting apparatus and approximately 75 magnetic
computer tapes, ' :

Enclogure 1



. TRANSLATION

16 April 1969

" Dear Dr. Heeschen: o ' e -

In reply to your telegraphed 1nqu1ry of 26 March I have the
‘honor to communlcate the follow1ng
* The Presidium of the Academy of Sciepces.of the USSR guarantees
to the Natiomal Radio Astronomy Observatory that the American equipment
for.very long baseline interferometry'will be permitted to enter and
leave the USSR, for the exPerimental investigation,of quasistellar

" objects to be carried out in October of this year.

With sincere respect

Academ1c1an " (Ya. V. Peive)
Chief Scientist Secretary
of the Presidium of the

Academy of Sciences of
the USSR .

Fnelosure 2
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March 3, 1949

Dr, David 8. Heeschen, Director

" National Radio Astronomy Observatory
Fdgemont Road ' '
Charlottesvilie, Virginia 22901

Dear Dr. Heéscheni

I was pleased to learn from your recent letler that two Russian
scientists had visited Green Bank and had become famlliar with

the procedures employed in carrying out the Very Long Bageline

experiment between Green Bank and Russia.

. If the Eastern European gituation does not become more unstable

in the next few months, it would seem reasonable to go ahead with .
your planned VIB experiment between Green Bank and the Crimea. It
is understood that this experiment would probably be conducted
sometime in the middle of QOctober of this year. You will, of course,
continue tc work with the Office of Export Conirol to assure that
-the shipment of the eguipment complies with their regulations and
with the National Academy of Sclences for their help in arranging
the visits of the NRAQ personnel.

Slncerely yours,

QM&J A Q G IRN

" Randal M. Robertson .
Associate Director (Research)

Copy to:
Dr. Franklin A, Long .
Chairman, Bosrd of Trustees, AUT . : . A
Upton, L.I.,, New York 11973 ' -

~ Enclosure 3
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" Dear Dr@_Heeschénﬁ

In reply to your: telegraphed inquiry of 26 March I have the

_hopor to communicate the following., "'-“' - /)///”
The Pcesidium of the 1cademy of SLi&ﬂCES 9 the USSR guarantees

 ]leave age USSR,_for th' experimental investlgation of quasistellar

nbjeuns to be carriea,out in October,f

Chief Scientist Secrétafyf
of the Presidium of .the. |
Academy of Sciences,of-
the USSR "
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999383
0 Dr, David S, Heosehen, “Director
oot National Redio- Astronomy Observatory‘
Wiy 0 Edgemont Road oL , e
5 o Charloﬁtesv1lle, Virgini..-229Q;g;_j'-
. Dear Dr. Heeechen°‘ V7
I wag pleased to 1earn fzom your recent letter that two Ru531an
scientists had v1smted Green Bank and had become ‘familiar with
St the procedures: employed in carrying out the Very Long Basellne
EEAEE gxperiment. between Green Bank and Russia.
. “If the Basterh European e1tuat¢on does, not become ‘ore unstable y
in the next few months, -it would seem reasonab%e/f% go ahead wj '

your planned VIB ‘experiment between Green Bank "and the Crimeal It .
oo s undefetood that this experiment would probably’be conducted
,Lm;;esometlme in the mlddle of October of this year. You willy of course, .
" continue to work with the Office of Export, Control to assure that. - .- i

Randal M Robertson ' '
Assocmate Director (Research)

© " Qopy to: .
Dr..Franklin A.‘Long
. Chaivmam, Board of Ir
L Upton, Li.I., New Yor

tees,AUwa
_{11973
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NATIONAL SCIENCE FOUNDATION

WASHINGTON 23.D.C,

S
June 3, 16589 —t;TUf -
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Mr, Rover H. ¥eyer

Dipector, Office of Export Control
Department‘o; Commerce ' , b
Yashington, D.C. 20220
Dear Mr. Meger:

Cn May 8, 1969, the Nationsl Radio Astronomy Cbzerv
requesting pev-jssAsﬁ and elezrancs o ship various

ryaiory wrote you
electronic eq

S
Ly
w
i
2]

&
[l

FERNS
4o the Crimss, WS, w,A,, for the purpose of Ihﬂﬁlfg a "very long basse-
line ewperizent” simulteneously tetween snd jointly with radlo telescope
loceted in the Crimes and ab Green Bank, Eest Virginia. FHo claspified
eguipnent is to be shipped. Ths Hational Redic Astronomy Cbzorvalory
submitted to youw with its letlter & list of equipment to be shipped fop
the experiment., Shipment will occur on or about Seplexber 15, 1969,

¥e tnderstand that the necessary persission and cleafa&c&
equipment will e ie aporoxinately on e month from the ¥ay
Hatienal Redio Astronony Ubsgervalory lvttzr

and if this is & realistlc estinaits, L
be sufficient time for all ithe formal

wWa

LSBT
GIBY

/ !‘.4._

IRy o

2]

such g3 an inter-aceleny ogreement, 8iC, VET, 3P perziszion
clearence will tale beyond ni nJrne to be achleved, the neccssary and
tize-consuming sleps that romain will be much more difficull o accesplish.

The Soviet Jcadeny of Selences have glven thelr permission
equipnent Yoth into znd oul of tbair covntry, and the Hallons i
Foundation bas given its approvel end endorsement Lo this joir"'; sc:?e tii‘ic
program, The Hational Sclence Foundation will sporesiate vhalever steps
you or your office mizhit talke in order ito assure the Nellonal Hadio
Astronony Observatory of your prompl end timely permission and clearance
to ship their eguipzent lo the Sovied Unicn,

Sincersly yours,

Bobert Flelscher

Fsad, Astronomy Sscotion

esoy Mr. Cerl ¥. Douglas
R
(fflee of Zxporl Contrel
.

A "‘n.-,—
Departrent of Conmeres

ﬁ . Willian
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13 June, 1969

Dear Dr, Heeschen:

In due accordance with the agreement which has been reached between
Soviet and American scientists regarding the conduct of simultaneous work
on quasi-stellar radio sources at extremely high resolution with the Simeis-
Green Bank interferometer, I have the honor to communicate the following.

The Pregidium of the Academy of Sciences of the USSR accepts three
American scientists for a period of two months (September-October 1969) and,
in particular, Dr. Kellermann and Dr. Clark;

The Presidium of the Academy of Sciences will render assistance in

- obtaining visas for your specialists;

The Pregidium of the Academy of Sciences of the USSR is ready to as-
sume the expenses of maintaining three of your scientists in the Soviet
Union for a period of two months, and also those of transporting the
American equipment from the Soviet Union to the USA on Aeroflet aircraft.

With sincere regards,

(Academician Ya. V. Peive)
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- ec: D. Heeschen; T. Riffe, K. Kellermann, B. Clark, W. Powell

] ROUGH NOTES
Meeting in Green Bank with DOD Representatives

June 19, 1969

Present: Walter McGough Barry Clark

Charles Frey Ken Kellermanun
Doyle Fredrick boD Bill Powell NRAO
Leonard Dykes ' Bill Howard

ISA in the DOD is a member of COCOM. They.desire to keep separate infor-
mation that locates the North American Continent from Eastern Furope. They
want to understand our methods of VLE reduction and desire not to have

- NRAO give a geodetlc tie into the two systems.

B. Clark gave a resumé of the theory of VLB work. FErrors of 30 m may be ob-
tained by us with a minimal trouble. To fit a sine wave and to follow a
source knowing the telescope locations to a few hundred meters will usually
suffice. To do this aspect of the experiment much more carefully, one could
get this 30 m error down by a factor of 1.5 to 2 (i.e., to 20 m-15 m). The
projection of the baseline on the equator of the earth is the 30 m figure
above. Within 3-4 years we should be able to get locations to an accuracy
of 3-4 cm., Techniques: Use a slightly different frequency to resolve the
sine wave ambiguity or use 2 antennas at each end. Problems: How to change
the frequency without destroying the phase relationships. Currently there

" are signal-to-noise ratio problems with present terminals. One needs a large
- number of observations to get good positions since we get now the projection

of the baseline on the vector pointing to the radio source. We do not know
the latter well enough; we need to know the earth's rotation and constants
of motion to much better accuracy than at present. The uncertainty in the

_radio thickness of the atmosphere (a few cm) is the primary uncertainty in

all this. Today's main limitation is in the local oscillators. Better L.O.

‘stabilities than 1 part in 1012 are needed. The drift rate in the L.0O. is
- a limitation (< few hundred picoseconds/day)are needed. The best clocks that

exist have accuracies of 2-3 nanosec/day now (a few meters on the earth's

" surface)., e.g., using H masers. Ours is less accurate than that. We are

limited by the need for portability. To date we have published only in-

" formation about the radio source and receiver. The Soviets would have ac-
- cess to the data unless specific steps were taken otherwise., DOD 1s concerned
: w/m 10 m accuracy. They don't know how well USSR is tied into North American

datum, but if this expeviment could allow them to tie Crimea into it to a
10 m accuracy, thereby significantly refining their grid, DOD would be con-
cerned. 107 sec/day is the accuracy of clocks we intend to send to USSR.
We have promised not to publish geodetically critical information, but
without further discussion could not guarantee (now) that information would’
not be communicated privately; otherwlse the situation could be potentially
embarrassing. We might wish to build into the Academy agreements an agree-
ment not to exchange data on geodesy, KIK feels it would be virtually im-
possible not to give them geodetic data. We should declde how we wilsh to

" handle this, plus future experimental interactions with the USSR in order

to tell the NSF what we are willing to do--acceding to future DOD restraints.
DOD does not object to the October 1969 VLB experiments, but,may do so for
future ones when it will be possible to refine the 1ntergr1d geodetic
measurements.

" W. E. Howard

R
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NATIONAL RADIO ASTRONOMY OBSERVATORY , R
Charlottesville, Virginia - ”éﬁfﬁk(ﬁ

June 23, 1969 \
, dgl

MEMORANDUM

v

To: . W. E. Howard, T. R. Riffe, K, I. Kellermann, B. G. Clark
From: ' D. S. Heeschen
Subj: - VLB Experiment - Russia
& ' See attached translation of letter from Peive. -1 want to answer this soon
and have several questions: ‘ ) c '
. b 4 iar - e
T Gelorw @ ada Aot 42 Frier - deee

1. Do we want to send our equipment on Aeroflot —- and if so, will
NSF, State Department, etc., agree to this?

"2, Are any Russians coming here for the e eriment? - If so, we should
' 7 7 { ’

" [} - Fad :

{ reciprocate the offer of maintenance expenses. LA

3. Vho specifically is going to Russia? I have heard that Clark,
Kellermann, and Payne all plan to go., If so, who will be in Green Bank for
the observing? '

4. What generally is the ?tatus of things? Are we cleared to ship
the equipment? \):7(’ Floscss) e n Y 17'-15?
. / o R A 2o L
PED AT | £ M)xﬁv_/{.w $

Anyone with any answers please’ let me know soon,

=
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U.5. DEPARTMENT OF COMMERCE
BUREAU OF INTERNATIONAL COMMERCE
WASHINGTON, D.C. 20230

JUL 301369

BIC Case No. 995363

Mr. W. W. Powell,
Purchasing/Property OFfficer,
Mational Radio Astronomy Observatory
Post Office Box 2

Green Bank, West Virginia 24944

Dear Mr. Powells

In accordance with your request in your letter of May 8, 1969, you

are hereby authorized to sghip temporarily to the Soviet Union electronic
receiving and recording equipment as set forth on the enclosure te yeur
letter which has besn reproduced and made a part of this letter.

The eguipment is to be used in your participation in an experiment in
radlo astronomy involving the Observatory at Green Bank, West Vieginia,
and the Crimea Astrophyvsical Cbservatory, Simferopal, Crimea, U, 5. 8. R.

This authorization 1s based upon the representations made in vour letter
and 211 other information furnished the Office of Export Control in con-
nection with this proposed export transaction, as well as the following
conditions:

1. Shipments made under this authorization will not include
any eguipment or technical dats bearing a security
classification.

2. No technical data velating to the design and production
of the equipment will be shipped under this authorization,
or otherwise disclosed to persons abroad.

3. 'Those items of equipment listed on the enclosure to this
authorization will remain under the direct centrel of a
United States citizen associated with the National Radio
Astronomy Observatory or the National Science Poundation
while the equipment is outside the United States.

4. Any interference with the operation or safeguarding of
the equipment will be reported promptly to the OFfice of
Bxport Contrel, Bureau of International Commerce, U. 5.
Department of Commerce, or the United States Embassy.



3. All equipment exported under this autherization will be
returned to the United States upon the conclusion of thisg
experiment, '

The shipment of replacement parts for the subject equipment 1s net
autherized by this letter. If the need for shipment of replacement
parts arises, it should be reported promptly to the OFffice of Export
Control,

A shipper’s export declaration covering the shipment of equipment under
this authorization need only show a general description of the products
involved. It will not be necessary to show an individual Schedule B
number or value. However, your declaration must be markeds "TEMPORARY
EXPORT. PRODUCLS BEING EXPORTED FOR USE IN THE PERFORMANCE OF AN EX-
PERIMENT IN THE U. 8. 5. R, THESE PRODUGTS WILL BE RETURNED TO THE
UNITED STATES AT THE CONCIUSION OF THE EXPERTMENT."

This authorization expires November 30, 1969,

Sincerely, i
a4 CG“ \/Z - 2 gl
ﬁﬁ#ﬁéﬁﬁﬁl e AN ?Z;“
Wilson H. SBweeney é

Acting Director
Office of Export Control




Ttem

Freq. Systheéize; XUGC
Crystal Oscillator
Tape Transport

VLB Delay Uhit

VLB Control Unit

Loran-C-Receiver

Rubidium Vapor Standard

Microwave Amplifier
VLB IF Converter
Freq. Doubler
Mixer, Preamp
Preamp

Amplifier

Freq. Multiplier
Klystron VA-92C
Receiver, 3 em

Receiver, 6 cm

Plus ettendant wiring and comnecting apparatus and a

computer iapes.

NATIONAT, RADIO ASTRONOMY OESERVATORY

Green Bank, West Virginia
VLB FOUIRMET

Manufacturer |
Rohde & Schwarz
Rohde & Schwarz
Ampex
AUT
AUI
AUT
Hewlett-Packard
Hewlett-Packard
AUT
Telonic
Lel
Lel
Lel
Telonie
Varian
AUT
AUT

Tota

Enclosure 1

Ser, No.:

Lbhi66
4444291
C-102

2

2

- a
836-00109
811-01038

2

4254

13799

4252
4923
1

1

1

Value
4,089:38
4,089 .38

14,849.50

3,500.00

3,900,00

180.88

&,800.00

2,250.00

1,000.00
1,150.00
752.38
753 .15
5,885 .00
950.00

1,225.00

16,136.59
17,634.59

87,145.85

pproximately 75 magnetic

_[iiWu;);~“,_j

4629
4630
4631
4632
4633
4634
5064
4880
4637
4638
3386
2822

3339
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NATIONAL RADIO ASTRONOMY OBSERVATORY

MEMORANDUM _ : July 31, 1969

To: S. Weinreb
K. Kellermann
B. Clark -

M. Balister

B. Vrable

1. Jefferies
=W, Powell

From: ' J. Payne
Subject: VLB Experiment with Soviet Unjon

This memo is an attempt to list all equ1pment tha,t W_;H be taken to the Soviet Union for
the Green Bank-Crimea VLB experiment, If anyone has any comments pleagse let me
know,

A summary of what we intend-fo-do -will-probably be-helpful, -We will be observing at
two frequencies<10711 Mtz and 5611 MHz) using the portable VLB front-ends and the
VLB terminal (No.' 2) which will shortly be returning from Sweden.

The main problem in the experiment will be to establish time synchronization between

the two stations. There are several pogsibilities here and we will probably use as many

methods as possible o reduce the chance of error. Loran-C transmissions will be avail-
able in the Crimea from the Mediterranean chain, This chain is not synchronized to the

East Coast chain in the U. 8. but the difference is monitored and we are assured that this
difference will be available o us, :

Loran-C transmissions that are synchronized to the U.S. East Coast stations will prob-
ably be available in Leningrad, so another possibility will be to transport time from
Leningrad to Crimea using a rubidium vapor clock. . The most direct method is to carry
a clock from the U.S. direct to the Crimea, and Barry Clark intends to do this using the
Tracor crystal clock, A useful back-up would be for Ken Kellermann or myself to carry
our rubidium clock to the Crimea from either London Paris or Geneva., ' We will order

" a battery paok for the rubidium clock in any case.

I think we shoul_d make ourselveg ag independent as poésible as regards test equipment,
Bill Vrable is making two small swept oscillators for tuning the front-ends and we will
take our own frequency meters and an.oscilloscope. -

At 3 cm we would have pointing problems if we attempted fo use total power. We have
ordered a front-end switch that will fit directly on the paramp input, enabling us to beam
switch using another horn. We are building a small synchronous detector that operates
from 28 V DC to use with this system.




P

No problems are anticipated in pointing on total power at 6 cm,

Telescope cabling could present a problem and we ghould take enough cables to make

us independent of the present cabling,

The 1.O system is outlined below and should present no problem. If we are short on
power the Telonic multiplier could be moved to the focal point,

should be here by August 10,

t.

50 mW

880 (X-Band)
810 (C-Band)

JMP /cjd

Power
Amp
800-900

Y

A

Milz

X2

The power amplifier

1760 (X-Band)
1620 (C-Band)

10dB LOS%!

2W

Attachment
List of Equipment

AAVAY

Cable t

Front
End

30 mW
Required




NATIONAL RADIO ASTRONOMY OBSERVATORY
Green Bank, West Virginia

VLB EQUIPMENT
NRAO-USSR EXPERIMENT

Item ' Manufacturér Serial
Frequency Synthesizer XUC Rohde & Scl‘lwa,rz 444466
Crystal Oscillator Rohde & Schwarz 4444291
Taj;:e Transport , Ampex C—102~
VLB Delay Unit ’ AUl 2

VLB Control Unit AUI 2
Loran-C Receiver CAUI 2
Rubidium Vépor Standard Hewlett-Packard 836-00109
Microwave Amplifier Hewlett-Packard 811-01038
VLB IF Converter ’ AUT _ 2
Frequency Doubler - Telonie . . ...

Frequency Multiplier "~ Telonic - 4252
Receiver - 3 cm AUI _ 1
Recelver - 6 cm AUI ' 1

Crystal Oscillator Tracor =

Test Equipment : ———— ' L e
Gain Modulator AUT ‘ ——

SPARE PARTS

3 em Front-End

Klystron

Mixer Diodes
Trangistors and Diodés
Power Supplies

DC Fan and Brushes

4639




o

Spare Parts (continued):

6 cm Front-End

Klystron

‘ Mixer Diodes
Transistors and Diodes
Power Supplies

| DC Fan and Brushes

1

VLB Terminal

Spare cards for digital clectronics and tape unit.
Spare lamps for tape unit,
~ Transistors and diddes.
~ Fuses.

Plug attendant wiri_ng' and connecting apparatus and approximately 7 5 magietic computer tapes. ™
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Aug. 28 = Seépt. 10

/fi;xéégir /églﬁé?

O- A5 -G

'”iéiﬁérary - K. Kellermann

“Aug. 11-15

" Aug. 16-28

" Sept. 15°= 0Oct. 30

Sands of Tim -~ Motor Inn
P. 0, Box 743

Woods Hole

Cape Cod, Mass, 02543

(Telephone 548-6300)

Chateau Laurier Hotel
Major's Hill Park
Ottawa, Ontario

c/o Mr., ¥. W.P. van't Hof
51 Rotti Rijweg
Rotterdam 8

The Netherlands

(Telephone 010 15-31-68)

¢/o Dr. L. Matveyenko
lLebedev Physical Institute
Leninsky 53

Moscow, U.S5.S5.R.

(Telephone 137-0003)

c/o Dr. I. Moiseev
Simeis Observatorja

Crimea, U.S.S.R.

Teléﬁhone 77-3-96 Moiseev
77-3-76 Telescope
77-3-66 Secretary




NATIONAL RADIO ASTRONOMY OBSERVATORY

POST OFFICE BOX 2

GREEN BANK, WEST VIRGINIA 24944
TELEPHONE 304 - 456 - 2011

TWX 304 - 594G - 2481
EDGEMONT ROAD

CHARLOTTESVILLE, VIRGINIA 22901
TELEPHONE 703-296-0211

Augugt 19, 1969

Memorandum
To: Customs Officials - United States, Sweden, and Russia
Subj: Flectronic Tquipment - Explanation of Shipment

The piece of equipment hand carried by Mr. John Payne, a British subject
and an employee of the National Radio Astronomy Observatory, is required to
provide precisge timing for an experiment in radio astronomy Jjointed performed

between the United States and Russia Observatories.

The clock is identified as a Frequency Standerd, Serial No. 166, manu-
factured by Verian, a United States company. This device is the property of
the US Government, identified by US Government Tag No, 4636, Upon completion
of the experiment in Russia, it will be returned to the United Steates.

We request your cooperation in expeditiously handling any formalities
which might he required to pass this device through customs.

The experiment for which this is required has been approved by the
governments cf both the U. S, and the U.5.8.R.

Sincerely,

W. W. Powell
Purchasing/Property Officer

OPERATED BY ASS0OCIATED UNIVERSITIES, INC., UNDER CONTRACT WITH THE NATIONAL SCIENCE FOUNDATION



U.S. DEPARTMENT OF COMMERCE
BUREAU OF INTERNATIONAL COMMERCE
WASHINGTON, D.C, 20230

BIC Case No. 299343

Mr. W We Powell

Purchasing/Property Qfficer,
Hational Radio Astronomy Observatory
Post Office Box 2

ireen Bank, West Virginia 24044

Dear Mr. Powell;

Please refer to your letiter of September &4, and your telephone
conversation with Mr. Williams on September 3, in which you
requested that our letter authorization dated July 30, 1969

be amended.

In sccordance with your reguest, our July 30, 1969 lstter is
hereby amended in that the number of magnetic computer tapes
that may be shipped to the U, 8. S. R. under that letter is
inereased from "approximately 75" to 250,

ALl other conditions of that letter remain unchanged.
Sincerely,

b
Haver H. Meyer ?
Director
Qffice of Export Control




Septenbar 4, 1969

U, 8 Pepertuent of Commerce
0ffice of Export Gontrol
Veshington, D, §. 20230

Adtn: Mo, AL Willioms
Gantlemen:
B8 Coms No. 999363

In acgordance with your lstter of July 30, 1963,
and our telephone conversstion on September 3, 1069,
velative o 2 shi % of souissent from the ﬁhﬁﬁwatwy
to the USSR, v reqwst authmmamm to incrosss thy
numbar of pagrhstle computer tapss from approximetely
75 o 280, This incresse im o vesult of final ghudies
of the requirements for sstlsfectorily sompleting the
experizent ih Rusals,

The shipment, rmileatl%lj eallied o 3 end & om
lediometar, fo scheduled for delivery to Pan America
%ﬁﬁ Alvways of Dullss Field on Tuseday, Septewbar 9,

If fuvther informstion iz reguired, pleage 1ot me

Sincerely,

¥. V., Powell

Pupehssing/Property 0fficer

WP/ i



Oetober 3, 1969

Be: BIC Cose #9993463

Qffice of Expord Qendtrod

1. 8, Devertwent of Commeroe
14th & Consbitution Avepue, N. ¥,
washington, D, €, 20230

Corblemsn:

The purpose of this letier iz io request emendment of
your letter suthorizetion dated July 30, 1969, to i{nclude
owe Tracor Cryetal Closk Model A< at a cost mf approximately
§5,000, in the shipment to the U.8.8.R.

It is further recuesied thel suthorizetlon bs grented to
permit this equipment o be hand-csrried to the U.S.8.R. by Dr,
Barey Clark of the Nationel Redlo Asbrovomy Ubsevvatory.

Thie shipment will be returned to the United States upon
the sompletion of the exzperiment referred to In this case,

Sineerely,

W, ¥. Powell |
Purchasing/Property Officer




NATIONAL RADTO ASTRONCHY OBSERVATORY
P, 0. Box 2 Oreen Bak, W. Virginia
2L9g9l Telephenes 30h-LE6-2013
Setober 3, 1969

Re: BIC Case 4999365

offise of Fmort Conbrol,
U, 8. Department of Conferce,
Lth & consbitublon ivenue, W. Y.,

Washington,D.C. 2830 7
Santlaneny

The purpose of this lotter is bo request 2 wr amendment of
your lsbber anthorizstlon dabed July 30, 1969 bo includs ome
Trocer (rystal Clock Model A-l at a cost of appromimately £5,000,
Arrvhs ; ‘iﬁ the ﬁ;ﬁiﬁﬁﬁﬁt to bhe Ho5. 8.5

T is further reguested that authorization be granted bo parmib
this equipment bo be handecarried to the Us 5. B. R.by Dr. Barry
gk of the Hational Radle Astronany Observatorys

This shipment will be returned to the United States upon the
completion of the experiment referred to in this cases

Sincerely,

We W, Powell
Purghas ing /Property Offlcer

Teken on telephone by 4. Williams 10/3/69. Bigued letber to follow,

ALFRED WILLIAMS

CHIEF, EXPORTERS' SERVICE SECTICN

DLl

3
2

e

u. s, DEPARTMENT OF COMMERCE
OFFICE OF EXPORT CONTROL TELEPH!
WasHINGTON, D. G. 20230 (202) S67




Jotober &, 1969

Pr. Barry Clark

¥, ¥. Powell

Tracoy (loek - VLB Experiment with ¥.8,3 R,

Customs clesrapes through JFK Airport hes been obtained for
the Tracor clock, The Offise of Export Conirol hes notified Mr.
Jolin Lomendo, of JFK Customeg, of your trip, snd if you encowmiber any

Lomends s the man to ges,

trouble,
The enclosed Export Declaretion ils required im iripileate by

Gustoms - keap o copy and return it o me vhen you return. Ve may

need pome reference 1f the cloek il in the retuwrn shipment of the
VLB equipment to the U, 8. If you bring it beck, s sopy of the
Pezlargtion will be =& big belp,

Good Luskl




U.S. DEPARTMENT OF COMMERCE
BUREAU OF INTERNATIONAL COMMERCE.
WASHINGTON, D.C. 20230

geT:

BIC Case No. 999363

Mr. We W. Powell,
Purchasing/Property Officer,
National Radioc Astronomy Observatory
P. Oc Box 2,

Green Bank, West virginia 24944

Dear Mr. Powell:

Please refer to your letter of October 3, 1969 in which you reqguest
that our letter authorization dated July 30, 1969 be zmended.

In sccordance with the request contained in your letter, our

July 30, 1962 letter authorization is hereby amended to autherize
Dr. Barry Clarke of the National Radio Observatory to handearry
from the John F. Kennedy International Airport one Tracor Crystal
Clock Model A-4, having a value of approximately $5,000,00 to the
Us 3. 5S¢ Be It is understood that the cleck is being taken to

the U. S, S. R, for use in the experiment described in your May 8,
1969 letter, and that it will be returned to the United States when
it has served its purpose.

All other conditions of our July 30, 1969 letter autherization
remaln unchanged.

_ Sincerely, }
R L wﬁ
P ) A
Raver H. Meyer ?
Pirector

OEfice of Export Control




To: Cugtoms Officlals -~ Jolm ¥, Kenmedy Alrpot

The equipment held in the Customs warehouge sddressed

30 the Nationsl Bedio hstvonomy Observatory, Green Bsnk

Wegt Virginia, from the U.8.8.R., is the properiy of the
United States Govermment of TU. S. origin, It wes shipped
to the ¥.5.5.K, from vashington under the authority of the

Bffice of Export Contrel’s BIC Case Ho, 999363 on Pan Americen
Bir Waybill #026-.4-578-040, zopies of both attached,

It would be sppresisded if this equipment could be re-

lessed to the Observetoryls driver, the beaver of this mwie,

whe will return it to Green Bank,

W. #. Powsll
Purchasing/Property 0fficer
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Hovembsr 18, 1969

%}"wmi, bron &@rpu*wt,y,m

Tawamm ﬁammm“ 0501
Arim:  Mr. Lovemen
Tear M, Lovemsng

These gawm ware included with the focunenta
anvering o shipment to we from Momoow,

v pay be of value to you el ars sending
Hluam ”alﬁi’l?é’ with thig zimﬁ

Sinverely,

mz " *’i & Pﬁ%@lﬁ’«
Purchasing /Py

perty Officer
WP i
Fne, L
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