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H A scattering range is proposed for use in experimentally
simulating echo area measurements of dielectric bodies and die-
lectric-coated bodies with dielectric constant less than one.I IThose investigations were initiated due to interest in plaisma
coatings of satellites in the ionosiphere. The optimrnum parameters
of the scattering range and the liquid to be used as the anmbient11 medium are discussed.

While no conventional dielectric has the required properties,
I a mixture of Rutile (42%0 by volume) in transil oil was found to have

the required properties for use as the ambient medium, Settling
problems can be greatly alleviated with little chafge in eectrcaI
properties by adding petroltum to the mixture.,
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IPa,,gei I of 14

ECHO; AREA MAUEET FPAM-CAE ~JCS

I. L INTROADUCTION

Recently a program has been initiated to, study the, radar C-roll
setinsofdelcticcldbodies.,'1,2 3*4 Thisi ptogram includes

- exact cacltosfrthe isphere and fortei~iit yidr and
ivsigaisofapp--roxid-ate te-chniquts folr -th~r -b-aRVS.,

* £xerlnienal nii~at~o of h~~a~p~ima i s possibte,
for eatvd eic tt get tharn unity, but dielectis
with relative di*e~lctrie- tsatia les a, thaft unity, such. as e~cdst in the,
ionosphere, ari not vial in the laboratery. It was thertefore,
proposed, to, *frnmulate thitg situation, in. owder to obtai n expq)erimental
eontfirination oftcaklulations and approxim&ations, in this region.

r he general meathod would be: to, emnploy a, ak filled with a high
dieectic onsantliuid to sterve as the almEbient medium.& Then a

body with a dielectric cloating of dielectrIC conXstant leiss than that of
thcmin id would simm4ate a body with a coating, of relative,
dielectr ic canvstant jleiss than, u-nity. -Mea.surements of radar cross,
gsectiori could then ble made.

i reviLo sly the exact solution for the, echo area has been uised to:
verify the approximate tecbhiques that have been developed. Experi-

mentl mehodswoId be ;of interest for those bodies for which no
exact boundary value solationi can be obtained for the echo area.
Howevr te aproiate methods, have been so highly succeissful

that the priority for such a s1cattering range is very low. While thisi cteigrnge i s not to, be constructed, the pa ra meter o ,f thea ranlge
arle discussed in this report for the, benefit of thoise inavolved int jmilar[ problems.
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111L 'SCA'-T'TERING ,RAi-N,G-'E PA-RAME,,T,,.:S

'The baisic radarticatering rarige, would consist of a tank filled
With Iliquid inAto, whic h a , ma 111 bod. budb mesdadiseh

Bodies in the, resonanc egoarofmjor it~s ic hs

ar* the targets-for which the approximrate, cal-culatilOnss ajre m ost likely
to be in er-ror. Also tjhe size of the tank reqUireid for targets, much
large? than one waveilenigt-t in, radius, wouldd make, cost of the medilum

exCiessive, and would increase Co6ntruction and niftacerbe~
consid'erably. H~ence the bodies of inte~rest would have a small echo,
artea. It was tiheirefo,&re deocided that th~e antennas shauld also b~e

encilsed in the tam-k In omrder to, minilm ze, n,,ulllng proble ms which
already are-severre,. Except for the tank containing, the antennas, Arid
the model,, the scatering, range, would be, stirilar tol the Xmlband CW

ranige present'ly in use -at the Anterxia L~bortory of The Ohio State Ulni

Data :on amnplitude anid phase across a sqUare ap erturte has been,
givenl by 1R. B:. Gr een. Inivestizatidons of Green's woark showith at the
mninimum range, fromn antenna to target at which a phase deviation-ofI
lesss than r,/8, radians cam be obtained over a I waveltength cross
section. is about 10t wavelengths. This is the usual definition of the far

fie Id. Amplitude variation over the tare isl Less than 3 db. Since the 1
target should be plac.ed near the ceniter of the tank to minimilze
interaction. with the walls, the, mlnimu~um tank dilmensions sihould be

app'roximately 2.0 wavelengths. At S-"band (3 k r.ac,,) with, a liquid of
rel-ative dieectric constanfit E- 4,.0, thetn imnin would be

_210k = I rnetert.

At X-band (10) kmn) with, C, Q.,v the, tanrk dimensions would beI

~~0X- 0.3 ete rs.

From aboveL, t heS- band tank would require about 1 cubic mete~r
of liquid,, which is about Z50Q gallon. Cost of the liqiid must therefore
be, considered a factar. I view of this ,and be.cause of the meare

physiCal size of the necessary tank,, it Would be inadvisaile to operat~e
below S-band.,
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Lo*sayet in the; liquid. &mbient , maediummm ±usit alisto 'be, Ctonlerad.L The attenuation factwr is

a Af (tan -b) (ftan §))

Where; tan 6 is the, Ioss tangent of the liqud Th pg~ ea e1

A t 21. 3 tan 5 d'b~

St~ Sne th ae ec hos, from th e tarTge t ma4y be very s'ama 11, th 6 Ae se due [to
the liquid medium m ust be, kept, low. Five db' was, esti mated is; an,
upper 11imit.i The totalpahlgtwilbabu Osohttettl

Ij attenuation will be ahlnt ilb~hot20 oht-etta

j (Ax) (27T. 3)) (2,0) ,tani 5 db, or,

U .A) 1546 tan 6) db-.,

Hence for an attenuation les* tham 5 db, weniust havei

tanb <01.101

in the liquid. For a loss atanigent- of this magni-tude, attenuation over
the region containing th body will be very smrall, so that chan&ges, inU ~the echo, area due, to, loss in the am'bient medium will not be ainiat

It was desirable to be able to model relative dielectric constants

of 10. 25< E.r < l and ,model sizels of 0.05X < r < L.OX. Hence the liquid
mnust have a relative dielectric constant of at Least Er = 4. 0, Vo satisfy
th~e first requirement. Then if Er 4.0; and the, frequency is, Xi-band

(10, ,krnc) th muinimu m size, model would, have a radius,

r r=.0 5X G.745mm

This is, Just about the minim um size, which would be machineabLe, and,
thus X-band is about the higfheist usable, frequency.

I 111647' 3



Thus, the pazrmeters of the scattrin'g 'rarige, include:

1. Ehclastedl antennas
Z. A frequencyV of 3 krnc to, 11 km-,, 4

3. Aliqid, such, that
8.. 1E <' 4.01
6i tan 5 <. ill-
ic., reaso marble coist
id.i usabile, physical pt opertile s

4.* 1~E r : 4 ..O0

a. At S-bamid, the tank Voliume would be about
i c ubic meter requi r ing abu 5 aln

fliquid.J
b . At X-'ban'd, t-he tank voluvne would bel about

G. 014 cubic melters requi4riig about 10 gallons
:of liquid. I

Scaterig by the tank -a_ co-uld be mininiz~ed by por choic
,of the tank shape , by the use of absorbeir materials, and by consitructing I
'the tank wralls; to sterve! as a matchiag, device, betwe5.m the liq uid andthe,
ne-diumi beyond the walls.

Con'sidlerable research wasi directed toward finding a suitable,
liquid. Tale oadeeticcntt and loss tanigent Were examined

throghly an d various chemical icompanies were queried but noI
satsfctryliuid was, found toq meet thke abov6 rfequirfements.

A letter 1 receilved from the Mass.achusetts Institute of Technology,I
Lawboratory for Insulation Research expladied the cetfc esn o

the non-e,dstenCed of sluch a liquid. However, it suggested a mixture

of a low loss dielectric liquid with Rutile (TirOQ2 )as a po ssible soluti onl
to gur probllem. This had in~depedenitly been, clovisiderted here and
investigations of itis feasibility begunt. A shorteid-linte svystemn for

mea-sning the6 dielectiric contstan-t a nd los tangent wwaconsetructed,,
aidmxtureis as, well as pure l1quid were tested.

11ll1:6w17 4J



IM,. DI1,,'E',-GTRPI(C CO0NSTANT AND LOSSii TANGENT MEASUREMENTS

I ~A4. Theoretical Cnieain

The values of dielec-tric constanit and loss tangent-of mnaterwils,
considered-for uste as the ambient mediumn were measured usaing the
shorted waveguide ,me thod destcribied by von H8ippel' , i which the,
measured quantities, are (il) theift nl poito of th stninPwave wheni a dielectric sa.mple: is placed In, the shorted gectioa, and

(~thelinverse sadn-vertowith the, sam ple ifa the, guide.,
The iriodifications to this, method by bakin and Works1 0 barid further
simplifications by gowie and Kelleher'8 weretused., The, r'elationships;
derived by Roberts and von Hippel' we1rie sim-plifiled by JD.kin and Worki'
for the~ case of a relativelly lo-os ilQti 'vztaj 1 l}.
Bowie anid Kellehex in, turn r'earraftged Dakin and Works'a appoxiate
expressionatsuch that twouivrcht', or siets-ofcurves%,
relatin the mesue qatte to thedielectrict constant and lassItangent werte obtaine6d. These curves apply to, rtectang-ular waveguideal

-in general, provided a 'specific frequency and specific sample lengths,
are used. 'The freq c is, detrmied by the outoff wa velength, As5
are the splleghf'rth Chart rltndee ctrccon'stant and

EThe various vailues, of di~eitric constant were determnined Ums-Ig
this chart. Bowie and Kellehier's svcond chart (relating loss, tangent to.
the value-of dielectric cons'tant obtained fromn the first chart)) was not
used, since to do so would havel in~volved ant additional mfeasurement of
each sample (the curves-of this ch'art were pite for sape lengths

deerind y e dielectrike constanQ)). The, varioas, value~sof loss&

itangent werle determined asirng Daikin anid) Works"O approximate
expression,. Aaso'dified beilow.,

[ Dakin and Works show thatt

(I 'ta d (Il +_ ta z 2g rl cam i l t~ i

1 1116475



where Ax wdth of sta-ndAig-wave; M-ininnaumm at
tivice m inimumpower value , d
above mifimumm );

d slamp~le ltength

er dielectric constant of sam-nple

XL= cutoff wavaeength. 'ir afir 411.4 portioll
-of guide,'

=wavelengith, in. air- fillejd. p:ortionl f gui Jfee

= propag.t-.ionctonstant in sam pite

=distance on air aide of air-sam ple
interfacee to the, firs~t standing-wave
ni nimur n.

Roberts and von MlppelO have, shown, that for the shorted, wrawvguldel

(RE mi _ _sin 4

Emax {E 1 5 -coab! 12

_w Ax
Xg

__distancee from -the m-iftfimm wto soee pewiitt jr, and

Ex Efield at that point..I

If Ex, is chosen as t-he 3, db above mini mum poi nt,, arnd if O<Gi I+, thexi

Eq. (2) reduceis to

Emin w /x

K
MAX



hwher distance between the 3; dbt) above mninintm-kun points.,

'This; a ssumption is inelluded in the derivation of Eqi. (1)), and since it
is Possible for 7r,6x/X- > 0 -1 while simitanviously tani 5)< 0.1, it is
desirable, to make, Eq. '(ly rnoe, general by ,eminsert ing Ein/ma

explicitly. This may be dO et by solving, E q. (3) for -tw and pubstatutilig

11 inAto Eq. ((J) to-E + a 2 ,d

Ernax wd + ~ ~ ~ . dl{ + a~d}-tn d

Ex 9vni
ii fo tan 0.1..

o an Kebhe' chrt 0.3,mcwste pcfcrqec

ued. lock diagr nma m ofe he mdtoeurinsem isE gieni Fg.1

j Telystron Wesas ' immers ed ax ontanh-pe aueis o bath xeand
tae circit wasl ioated as shon foql pupss ffeuec)taiiy

The on of los s re nate atp masurd, and iodto as

theref o diagram tofr the poerl lev e , i gve in the, Iys..

precisiton attenuar was used to, so, is'olate the sourtce in Qrdet to.[prevent fluctuations in, the, null poasitikons with varying, atteftuatiorn.

[7



'Frequency Meter __ VW

fPrecisiom IUd __ Ts
iSection

Fig. '. B4~o'k diarn of equipmr-ent iuseid tom mea surte -

colecri cntant and 11oss talem,

IlV. RESULTS OF 'THE t-,-MEASUREME,NT" S

Thte requt1'ied eletricI p'r'opertiffesi oftbe (preferably lquid)
mnate-ria l fous~e s the am-bient rn-edlubm Wfee

taln b<'0

,at X-bavid.I

A literature ,;egarch wag Conducted and varilou& samupes w-re
mneasured,; however no satis~factory material was, found. The m-,elasuried
,data arle given, in, Table 1. The values listeld are,, in~genera1, avrerage
from several measurem-ents, and wherever possile. thke data are,

C, 0 m-1.p ar4 with thoise of von Hippe A

Further investigations were perfornm ed by "dop ing" low- l'os's
liquids, (castor oil afA transil lq-) with a higLrh- dielectric-iconstantt
additive *(TiO02 ). The castor oil ixue Figs. 2- 3)) wrere too lo~~
however the transil oil mixtvies (Figs. 4 and 5) appear satisfactory.
The loss tangent:(Fig. 5) is sormewhat err'atic, and it is felt that this
results from the randornM electrical l'engt'hs of the samoples. A situdy

of Eq. (4), has, shovn that the accuracy of the cxtr'-mc points is, Lowest.

Transil oil,- = '1-C insulating oil f(lG E )
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0 5) '1015) 20) 25,IiVo~lue Pecen'taoe, of i(,02 11i Mixt.ure:

Fig. Z., Relative, dieieti~c .covmstant versus 'T'O
cocetrtinfo a; castor oil Ti~z

xiilixture Alt a frqina of 10i 37 krn c.

008-- L _ -6-I

H ~~~~006, -____ ______

T8004 -- '

0:02,-

10- 10) 15 26 25
VoI1yrne' Percentage, Of Ti, 02 In0 [Miture

Fig 3. Loss tangent versus TiO i qgn- 0 qntration for a

castovr oil - TikQ2 m ixture, at a frequency of
10. 37' krnc.
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T TABLE I

Measured Data H From vonHippel

Material '(=03 m)l1.0k c~
'Er, tnr tamn6

IIPolystyrene 2. 52 0000,6281 1.,5,3, 0.14000480
((Cohme rcital
sheet stack),I

Pyranol 1467 2i'. 63 0.612. 62 074

Pyrantoll 147,0 2.0,75 0i07761

Aroclor 12Z42 2.'s77 0.0G234 (&9, 0223

Castor oil 2.,i61 0.06,10 - -

L Transil oil 2.1s 18 0., 0:2'149 . 10 i0 00r

L HVaelie - 216 0.04010010

Due to Trainsil oil's low vislcosity, the mixtures settled viisiblyin
a rmatter of five to ten minuteis, thus causing the electrical properties
to vary with time. In order to increaste the viscosity., petro latum
,(vase1ine ) was, addled. * The effect of adding petrolatum L dielectric
constant and loss tangent very simnilar to that of transil oil "- se
Chart 1) was merely to reiduce the TiO2, concentration, Two such trial
mixtures were measured,, and the loss tangent values are Plotted in
Fig. 5, The values of TiOt concentration were determined approxi-
;mately by noting from Fig,. 4 at what concentration the resope ctive

dieectic onsant ocurrd.In the resultant transil2 oil -m TiOz -

petrollatum mixture, aprcal etigddntocrfor, approxi

matelly an hour.

I-v -a ncesdt p
I *The viswcoiy wa inrae toaproximately that of castor oil,

sincte the rate of settiling, had' beeni relatively low in, castor oil,.

1I a.1



V,. CONCLUSIONS8

The basic parameters of a scattering range for simultng echo
area measurements! of plasrma omated bodies have be:en deteriined..

The requirements for the ambient liquid ate satilsfied by c
traftsil oil - TiO p etrolatum mixture., -

It is believed that the system is feasible; however nutnerous
problems would undoubtedly be encountered, in constructing and
interpreting the data frso ,uch a system. Among these would be the

small model size, and he nce the extrene a curacy and system
siensitivity required at X-band, ,or the construction and tnAintenance
of the large tank of liquid required at S-band; difficulties In
eliminating, background reflection; and diffic lti-eis in accurately
locating the models because of the optically opaque liquid. I

While these problems are by no. means insurrnountable., it la
felt that in regard to the present projelct the expected results do nwo.t
justify construction of the system at this time. However, it is
believed that the informtation containfted herein may beof usre to
others who m, ay wish to pursue the s'ubjotlt furthe .

1

I
I
I
I

,111l6-1 7 IZ'



V1. BIBLIO-GRARH4Y

'1. L. Peters' Jr. and W .Swarner, "CI'oherent iScatter ing of a
-Metallic Body in the PResenhe, of an, lonized Shell, Pre etedIiat the, Am-eti.Man Astrtoriaitil Soiy Sym-p.osium on

Init'eractit-m of Space Vic, ,s, with an, lorrized Atmosphdfei,~

2. Annual Sumvnary PRepart, Report 1116-8, 1 June 1196,1, Atctna
Labo~ratoi, The 'Ohlo, State tUhiverglity Rkesearch Fodati, n,-
p-repa~redurder (Contra ct A', l 9 (604)~ 721701, Ele ctronaficas Researc~hIi Deco.-rte,, Air Fbr ,e, ~a v .iri d g e Re searclh Lboa&i,
iL,. G. Han~scom Field, Bedford, Ms.hsts

34 Intetim Report, Repoxt 11'llI13, '1 Septem ber 1961, Anitenna
Labotaoy, The (Ohdo State U'niversi'r Research Foundatilon;
preparted under Cbftrt AV '' O) 7270, Ele ctr onic s Res earch
Du- Drectaratlei Air Fore, (Camidg'e R~~eeaL3r!ch Lbto

. -ascmField,, Beldfo~rd, Mhu~ts

L4.. Interi~m. Report, Repor 11116-15,, 1 December l,941, Antenna
Labot-atoryj The Ohio, State University Research Fondlatiotiu
prepared undex Contract AFl{~) 2~ Electronics Researi-h,
Difreictorate, Air Force, Cambr idge Resea rclh La'boratories,
L,. G.-- Hilnscom Field,, BeAfor4,, Massachusetts,.

5.. R.. B. Green, 1"Flare Spot Determination by FTUse of Photoconductive,
pane Is, ' Report 777h 14, 34 May 1951, Antennma Laboratory, The

- ~Ohio'State Uniiversity Research oundaton; Irae une

L Contract AIF 3~66-54,Air Research Atdi Develop ment
Gommand, Wright Air Devekoprent Center, Wih-~te opAir Force Base, Ohio.

6f., K. izuka and R. W. P:. Xing,, l"Appa ratus for the Study of Qire
Properties of Agntennas in a Conductirig Mdui'Sinii
Report Na. 1', ARL8kCftIjaboary I'arvard Unt-
versity! prepared under 'CQntract AF 19((604)-7 726,Eltrnc
Research Directorate, Air FreamrdeResearch Labo-

ratories, L. 0.,H-larscorn Field, Bedford,, Massachusetts.

7. W.B. W~tphi, Mssacusetts~ hrsttute of Technolopgy, LaboraItory

for insulationi Research, private cornmwmicatio.,

I11 6- 17 13,



8. D.M. Bowie andl K. S. KIeilher, "Rapid Measu~rement of Diilctr*'t
Constant arid Loss: Tangent, "' IRE'TransaLctions,,on, Microwave,
Theory and Tec-hniqueis, pp., 13,7 11410),, July 1 54.

9. S., j.Oberts,. and A. von, Hippel, ""A New Method for Measuring
DieI&C-tric Constanat and, Loss in the Range of Centirmeter Waves,"*
J. Appl. hys., Vol. 17, pip,1-69 June, 1946.

110)' T., W. Dakin and C. 1-i Wor ksj "Microwave Dielectric Mea-au-e:
mnenits, , Ji.Appli Phys., VoLl. 8, pp;. 781I7946, Selptemdber 1,947-

I L, A. vorn Hippel, e-ditor, Dreletric Materials andl APPliCatins
Tihe Technology Press of Massachustetts Institute of T~ch-nology

and Johni Wiley and Sons,j Inc., pp. 67-68, New York, 1954.

1 2. A. von Hippel, ilcrc n Wavettl, Jlhmn Wiley. and Sons, Ina.,
p. 73 -77, New York, 9.

13. Ii bid.,j pp. 304-370.1

14.i R. J.:Garibac-z, aid, J. W. Ebefl11e, "The Measurement of Ti me-
Quadrature Coiponexas of a S-cattered Field, 1" published in
the 11960 [RE -ESCION Convention, Reord, Part I.,

11116 17 1



Pi AROJEc T 1116
RE POR Ts DqSTRIBUT ION LIST

C ONTRACT AF 119((604),--7270

cd 640 OrganizatinNoofC ie

UAF 5, AMC (AMTC Tech Library-MU-i3,5
Patrick AFB,, F1a,.

AJF'1118 AUtjL
Maxwell AF'B, Ala.z

I-AF 43, ASD(ASPRD-i t
Wrlght- Patterson, AFEB, Ohio

A AF 19)1 AIFOSR (SRGL)
Washington 25, D).,C.

AF12A RADC(RA D)'
0-1 iffi&A AFR, New Yor k
Attn:t Douments Libtaxy

AF 139) A F Missile Devrelopment Center (~DoQRIT)
Rolloan FR, New Memco

A F 3 18 ARL (Technical Libry)

Biuildip - 450!

Wright-Patter son AFB-, Ohio

A R 5, Cormman ding Gene ral
J'SASRDL,

Put., MorimOuth, IN.J.tAttni: Tech . Doc. Ctr.
S 10A , SL- A D T

[Ar 9 Department of the Ay
Office of the- Chief Signa 1 Of ficer2
Wa shington, 2 5, D. C.
SIGRD-4a-

Ary~m 5) Cmading Officer-

Attn: OR DT L O0l2
Diamond Ordinance Fuz e Iab~oratorie sI'Washington. 25, D.,C.

A r 67 Ar my Rocket and:Giaided Missille Agenwuy
Redstone Arsenal, Ala,.

Attn,: (ORDXR- OTL,, Technical Library



Projectt 11,116, Distribution, List p., I

Code Organization, No,. of Copie

CZASTIA (TIPAA),
Arlington Hall Station
Arlington 12, Virginia101

(0 (68, Nati-onal Aeronautic* aI, nd S$Pae Agencty
1520 H Street, NI., W.
Washingiton, 25,D..
Attn: Library

,G' 109, Dect~r
L.angley eerhCn~

Naional Ae ronrautie s and Spate Ad..in,,lst raition,

Lafrgley Fieldi, Virginia 1

M 6 AFRL, O RI~PA- Stop 39)

LGHaas cem Field
Bedford, Mas sachusetts 0

,M IT8 AFC'R,-L, AR, Dr.,A.,MOGerach))
L Han sclom- Field

B edfvrd, Mae&schstt

N, 9) ChiefBureau of Naval Weapons,
Department of the Navy
Washington 25, D. (C.,
((Attn:i DLI'- 31))2

,Ni 219 Direcator (Codde 20127)
U. S. Naval Resejarch Laborato~

Washington 215, D.C. 2'

1 2Z92 Director, USAF Pr~oject RAND

The Rand corporation
1700) MainStreet
Santa Mon-ica, CaliforWwa

T hru; A. . iaison Offic e

AF 2531 Technical Information Office
E-gropean Office, Aerospace Restearch1
Shell! Bilding, 47 Cantersteen
aBrLUssels,, Belgium I

Ar 1017 U. S. Army Aviati-on Humnan Research Unit
,U. S. Continmentall Army ~ornmandl
P.O. Box 428,
Fart Rucker, Alabama-
Attntv Major Arne H. Eliasson 1



flProject 1 116: Distribution List- p.i 3"

Covde Destination N.of Gopie10st

G. 81 Li brary
Bloulder Laborat~r its
National Bureau of Standards

Boulder, Colorado 2

M (63, institutie-of the AerosaeSicsn.I ~2" East 44th Strieet
New York 24, -New Yoqrk
Attfi: LibrarianI

N 73 Offite-of Navall Research

Bran~?ch Office, London
Navy 100, Box 39)vE F.Pi.O. New Yor k, N.,Y.,

U 32' Mas sachusetts, Institute of Telchnqlog
Research Laboratory of lieetrromizca

(1 building 26, Room, 317,
Cam-bridge 39 , Masahsettis,v Attn.: John H1. Hewitt

U 431 Alderrnan-h Library
University of Vi rginia-*
Ch'arlottesville, Virginia

AF 68, ASID (ASAN AE-3/Mr. P aul W. spriger))
\Wr',iglht=Patt-trrson- AFB, kOhi

AF 2.49, AF Missile, Tes~t Center (MTTRL, Mir., (CarQj Schory)[ Directorate of Special'Tests,
Platric-k AF'B,, Fla.

[Ar 295 sAC ((QASC)l
Offatt AFB, Nebraska

IAF Z916 RADIC ('RCLTT, -Mr., Frank Bradley

Or iffiss AFB, N . Y.

IAF 337 Hq. USAF (.AFDFD, Lt. iCl., Fred Jones),
Pentag on, Washingtn2, .C

'for tranismis sion to!

SHAPE, ADTIC, Dr. Max R. Nagell'l

AF 2197' RADO fRC'U,, Mr., George, Bruxetti))

I Griffiss AFB, New York



Project 1,11 6: D3istribution, List - .4

Code Organization No. of Clopies

AF 34-3 Rq. AFSC ((,&RSCRG
Attn: MaJfor Alfred fD,. Blue,

Washington 2,51, D.C. I

G 'I8I a Office of the Assi~lstant Secretary of Defense (RX& D))
Washington -2-5, ID.C. i
Attn: Office of Elctronicia

' 956, Institute, for Defefit Aftalyfaiz/ Dre. Paut Van Handel
'UMverAsl'al Buidi.g,
1:825, Conmiecticlut Avenoe,, N. W.
Waslington, D..I

G0 14 ARPA (Mr. Fred A. Kbethe r)
Washington 25, DC

III 12-18 Raythewi G Company
2.25-Crestent:Street
Waltham, Mass.
Attn: Mr., D, A. H-edl'und

Communicatikons & Data Processing Operation

1 2151 Pickard & Burns Inc.
240; Highland Avenue
Needharn 94, Mass.
Attn! Dr. Richard H. Woodward I

1 648, The Mitre CGor-Pratiobi
,244 Wood Street
Le) nrgton, 73, Massa.
Attn:; Mrst. Jean E. Claffln, Librarin I

I 702 The- Rand Coarporlation
17100, Main. Street
Santa -Monica, Califobrnia j
Attn! Dr. GC-ulilent Crain I

I 7'95'- Bendix Aviation Corp.,
Systems, Division.
3300 Plym-routh Road4
Ann Arbor, Mivhigan I
Attn: Rr., OthoQ L le, Tffan~y1



1! Projeclt 1116 Ditib ia it~ p. 5
Code I 2gaiation NOf cobpiefs

TI~ ~ I 796, Stanford Researchbsiut
Menlio Park, CaliforniaJJ Attn- LAm'bhert'7. Dolphin

117986 Reaction, Motors Division,
Thioklol Chemnical CorporiionI IDenvillei New Jtersey
Attn:i H4G.,wollfhaiid

1II80O3, AC,F,' lndustries, Inc JERCO Div.,
470&5 Queenibury jRoa~d
Riverdale, Maryland

Attn: Mr. William Whelan,

I 935s Stanford Rteearch Institut~e
-Menlo Park, Cailiforni a

Attn: Mr. Donald Niellson

- ~ T M7 ES SRDT', Mr. H. Syra M ))
L. G HancomField,

Bedfo6rd, Mass.

M 73, E'SD (ES-SIB, Mr. Richard McManus)-
L.i C.; Hfansicom F ie~d
Bledforld Mass.

jN 13,3 Directoir
Vi. S. Naval Research Laboratary
Washington 15, D.C.,I Attn,: Mr. W.W.Bawan

N L16, Office of Ntaval Research[Depa rtment of the Navy
Was.hington, 25m, D. C.I Attri:- Code 41I18

N 1 54 Comma -ding Officer
1U. S. Naval Ordhitne LaboratoryI Corna, alifornia
Attn: M r. D. Hi Idebrand



Project 1 16. Disribution Li1st P. (6

Code Organization No. of Cople

'U 26, Massachusetts, Institute of Technolo01gy
Lincoln, Laboratory
P.O. B3ox' 73
Lejdnigton 73,, Massachustts I
Attn: Mary A., Granee.. Librarian,

U 179 University of Michigan
Engineering Research Institute,
Radiation Labotat ory
'912 N. Ma"in, Street
Ann Arbor,. Mi1chigan
Attn:, Prof. IKC.IM. Siegel j

ti) 84; Stanford Eecttronics Laboratories
Stanford 'University

--taford, California
An. Dr. Oswald G. Villard, Jr.

Radio, Science La-boratory 1

FU 89q Stanford Electronics Laboratories
,Stanford 'Un~fivet sity
,Stanf ord, California
Attn: Dr. Robert A,. Helliwell

RadioSc ience Laboratory 1i

U 372 'The Uniiversity of Mihigan

Willow Run Laboratories,
P. 0. Box 2008
Ann Arbor, Mfichigan

Mttn: B.R,.George, BAMIRAC -LibrarvY '

'U 4,22 Mas sachiusetts istitute of'Tec-hnology
Lincoln Laboratory

Lexi~ngton7 73. Massachusietts

Attfit Dr. Martin Balser

AFICRL, Office of Aerospace Research fCRRI)
L. 0.Hanscorn, Fieldl
Bedfor~d, Msahset 0


