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SBeST

ASTRACT
Ilecrhg I

T1e Mdre radar sipns processing Ir rbIaque provicds a larite
siinl-low-noin lmprovemenlt over convenioinIl radars for tartL1P of
esmnally censd radial velocity. bat Ihis improvenmwu is dckrsuicd
whlieaver te radia velocity chanpe within any 20.sec periud prodiwos
a doppler chmp greater than 0.30 cps. At a carrier frequency of 26.6
Mc tqls Is pubduced by a change in radial vokwity uf appruxitmtely 4
kIts occuirring is 20 scomds and represents an acceleratimu. it linear,
of 0.2 kuno per second. This limit is normally not exceeded when view.
ing targets of manned aircraft, but. it may be expected to be .xc.t.ed
in the vieving of missile laumches. to overcomc this acccleration dcg.
radation of the siPti-o-fnolae ratio in the Madre rdar a y s t e m, an
accelcration gte system is being developed.

Radial velocities aud acceleraUons via a one.hop Ionosphere ray
path have been calculoted for aJuplter .isslle laumched from the Arian.
tic Missic Rang with obiervatiOn pohins at the Chesapeake Bay Aimex
of WRL and also at point In the plane of the trajectory. Calculation&
showed a system dugradation in excess of 10 db for most of the powerod
portion of the launch for each point of observatlon.

A block diar'am of the Acceleration Gate System is shown, and a
brief description of UWc curve matching techmnlque Is given. Ssgnificant
progres is reported on s-vcral key circuits of the new system.

11503LEKM STATUS

'7his Is the f I r a I of a senes at technical mamaory roport an the
a hlein. covwr.nr system theory, caceav.lUms, and paumtma. The work

epoured ws cmoldcted durin the period July 1, IO0 to December 31,
3160. Work on the problem is co~mimng.

AUTHORI ZATRON

NR1. Problem iW1.1T
ARPA Order No. 300.60, Project Code 7300

of June 23, 1060

Uaanuicriva *.bmibnflcd N.tnlev ii', ll,

iv 81SCRIT



DEVLLAOPIKET Or AN ACCKLERA¶1OR WAE SYTMM
7011 WEL IPROVENUVT Or TH&L MADRE RADAR

%1k- SYSTLIdI THEORY, rALCULATIONS. AND PLA..NNING.
?serem Title I

lNTRODtCTIOhN

Thc porpose of adIsiog an acceleratiom gate- styawn; to the Madres rodar Is' (a) tio pernsit
the detectum of targes haEving appreciable acceleration that would otherwibe be mndetort.
ahisl hecause dl a ual-tuonuiue issues In the present system attributabl* to accelerating
taractss abid (b) tp retain thc signal-tu-nolse enhancement capabilities that the emdstling
system po*u has (as- sonacroli'rmUng targets. This detection will offectively be accom.
phak-d by a camv matching or fitting process. A large number of built-in fuuittls wilL
b1w comspared simultaneously for thme best msatch with the accelerating target slowa. Orig.
satilv. a 360.pate acceleration gale system waa proposed; however, for purposes of ecou,.
omy. a system to being developed having only twelve accoleratios gates tailored to the
missile trajectorles ouA of the' Atlantic Missile Ramge (AWa) as viewed [ruin KRLa Ches-
apeske by AMime.

BACCGSWIID

T7e pfsewt Madis radar sysem processes the taret dopplioT signal and displays It
too twu dicminessls, with range, rate as the ordinate and range as t~he abiscissa. The coordi.
maima uf eac~h target are Identified by Ilmfleosity modulating the grid of the cathudut-ray-tube

*display with the uirget sigoat pulse. Doppler t~signals from 5 to 30 cps trwin thu receiver
* ~are sampWe and stored an the magnetic drum. Here a time corepreasion of 82,4f0 to 1

occurs. causing the doppler signals read out of storage to cower the f requency range of
0.4 in 7.3 Me. These signals are processed in the analysis channtel and thun drive the
cri display.

Figure 1 t is a ock, dagram of the analysis channl. it consists of a mixer which
accepts signals from the drum anid a reference osdil~ator tha is swept is frequency. Thse
differ enc e Irequency is selected by the narrow bundpass crystal filter centered on 13.0
Me. Ifts mandwidth to 301w hebnce, ohnly signals ewusslned to this band wiU pass an to the
detector. Further f~itrng takes place-Itn the liovpiss filter w11011 the signal1 bandwidth
is now limited to 0to 2 b. In AUthe sign I bandwidth to affecvely tarsowadby a ratio
ut 41,400 to 1. thui inyrauvig the signal-to-noise power ratio by a similar factor.

nThe signal as read out of Wh drum storage consist #A 23 MWag gates (0 to 410 naol
oil of islormstion occupying a e1ol~e track on 11e 1ull cireumfeusaO Of the 4rumd. Bach
rane Sol@ has 36W samples of algnal written in It, which look 20 secoinds to complete.
The readout of all 23 rang lptes tokes place in out drum revolutlon, or 1/180 second.
L~w to the time compiresbion that results. th signals can be analysed ftr all rawg rates.
as well as alL raftes, Iin only two seconds, wheoe otherwise a large multipelcty of fixed-
(req .m~cy doppler filters would be required. Rawg rate Is measured by moving the seaN'
oing out llster about 23 he for each drum revolvUton. Whe mesans ftht all 23 rawg geles,
are analyzed for signals having a partcular dopper frequency, and thus ramp rats, to
skis period (3.5 msecl. flring use amt drum fevoutioas il rang gates are examined

JKCPRPT
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File. I Stigma) Aaulfrose Cho'uwi.'

for SIMMIA having lhw 'WaS higher range rawe Ttas proc... Continues for abrual 320 drum
revolomis.in or nfsrly 2.0 seconds, at which time all rap sand range rate pite coinibsma.
Sloss have'lbeen examined for signals. The tota procuss is then rpeated. 1Wh display
sweeps are "p In stop with lb. scianning oscillator and range cycles to insure an orderly
presentaton o( ilofrmitos.

To swaniarlue, the present, "stem arvie 23 raitge gates and 320 range rate gates
#Vrm~ary &@splay) of iau~rmatwun, which requries abMu 1.0 seicnds to £analyri. A large'
"gaa to sipial.ua.nols ratio accrues provided Ohat tOe stgnal's doppler frequency deim
not devioite'more than 30 kc at the drum output Mi the 20 secoads required to HlU thu slor-
W~g. If It does it will be attenoated by the 30-kIc b~andwidth predeteftian filter. U lthe 30.kc

fimutalia Is cooineried to knots, if can be seen that at isi operating frequency of 26.6 Mc
the target muM hldk a ratbal range rattc within 4 knots for 20 seconds, or 0.20 knoto per
second.

1060-sperd vehicles such as misslles, can produce higher accelerations, thea' 0.20 hinto
pur second. ¶7wt expected radial velocitli.o and aeccalcratlons of an actual Jupiter missile
lavutched from wn AMR whmen viewe fromn the Chesupsiake Ilay Annex ICBM were compaultl
b~y an, N4L mathewnattri~An.* This missile imartuced 640 iiaut ou duwm r;aaiWu. Fiagure~ 2
fthiwe WINj 'veloity wad acesicratawa plotted as 3 function of ttame. MAow included Is~ A
ruive to imilcaic tMe numbr of ranti raft: ples over vwalch tOe drippier freirivncy lot any
etic range gate will bec spreatd by uscirleratlon in the 20 socnitils requirod to faill the slaraaap.
for moaaple. of the signal energy wasn sproead wnIormly over teo ram*e rate gates, then
msly one-tenth of the energy would be found an any one gate, and thus the sga~oaoa
ratio would be degraded by 10 db.

In this came (fit. 2) theraftrltoviewinghewmissileaid nehly arightiiegletothUe
plane of its trajectory. in fact, at 103 seconds tOe radial accelersuon passes through zero.
The shaded portion of the curve Indicaftes the period of time during which the lass will be
less than 10 disan an average.

Angilm v*,Ow of the same missile trajectory is shows lin FIg. 3, where the rftar in
sited ina Me pian of the trajectry 710 esut adl from the launching ares. Again dt-celaru-
lion and velocity, along with thWMefnuber of gales traversed by the doppler signal fraqvency,
are ploted versus time, Morer it wIU be sees SIM alt s coafs the doppler frequency is
already changng at a rate which, II COUmtlamw wHitho Change, w1ould Caus It to trave"rse
te range rate go"e in 20 s&wands. As time con'tlais, the number of gates traversed
isereame rapidly.

SCRKT
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fbit 1i variel ia fr mcy duriag the 20 seconds is whch i Was Simpled and stored on the

d , "d, of COUr, It is A180 tdriCd 1In no101. The signal will appear In ofn of the 23
raMW 0116 Which are each reod VA in 340 #8.

A fohMon to Utn problem Is to modulate the scanning omtllator (Fig. 1) durin9 a raMOe

gle so that the devaUon oa the dappler freqwency due to arceleralton is eawweled Mu at the
mixer of the analysis chanmel and i constant i-f output is realized. The modulation most
ie repelod durng each of the 23 range pties for a given rarmp rate, and then it must be
comttoe while Me remalinng range and rag rate pies are eamintod for signals.

The aboee pt ocft" cowerts a= analysis rhinaul uio an aceeleriUon pte where all

rwW aind rate piet are mrxaumtn- fur targets having a given acceleration. Other
Atcelerilot gpies may be esatAstmbed by palleling analysis ClmnWle ad modulating the
ratremece lrque.scy of each with a different luactlon. The origiWl proposal fur tuis sys-
tem suggested a total ot 360 acceleratiom pies for an operational radar. This number is
flexible and may be imcreased. The anldysis time necessary to examine all combinations
of the 20"acceleratluul pates, 320 raqw rate gates, and 23 range pies instill only 2
imrxis - the same tUme as ruatred by the present system for analysas of only rWWfc
icao a.'id ra%. (An NRIL report is available hilch gives a mor, complete dck.ripUoD of
the acceleration pie system thin will be given here amd which also discusses a number
of other laporataa cmslderatons.e) •

The -usi duesg phItla.eply employed was wt to store all poslhe mirsile Itrsa'Mto
rie tt a radagr mgil be called uqam to view, which could be infnite In number, but to
store only a selection al modulating f(nctions, each with a Uwie duration equal to the inte.
gratbon ,perlod ofter read out. This selecUon is tu be tried simultaneously for a good
match. &nc one function shouild match oome part of a niumber of trajectories, the number
of functim generators required it the system will be reduced. Thi desiom philokli ty,
of nmurse, canixt be fo(lvl d completely in the 2..gatt system.

It the ieLl piutivIaltles of the system are to be utiliaed to wncover the minimm dlitsCl-
jhidE tAr'It signal (noe the noise, Its doppler frvqmwuwy meat remain sithin the 30.hw pwav
tuard 4 the prudetectom fMllar for the full Integratiml pvriod. Thu it ils not possihle I.t
"took" at lim doppler frequevcies with A shorter wampling period 4a one or more poil,, I"

TECWMC1AL PMIGREU

deseral Coainests

The desi, Constructilo. Md enuer~lu aIualysis at the design of lb 12-gate accel.
eratIo go*te ystem is weU uaderway. Where more than one oaut of a glves electronie
giem is required, only one will be conIstructed, and the remnader will be obtained
an outside contiact.

np~gre 4 show an overall block diagpam of the system. Only a sig lNt Is required
from track on the drum. output from tie anlysis systaiem wil| be presented on three

lClloscopes, one displaying range rdqe vse range informtioi4 the secon, acceleration
ersus rawge, an the third. aecc.lratlon werse8 range rate.

.#. K. Ju•'n # &AA Improved G0te System tor the Madrv. Rddaur, WRL Reptst S5TO tSec et

Reot.l~f Uncl~assified Titlers. Dc. l%40,
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The imput signal leeds the 12 analysis channels an parallel. These channel& waill iii
sWIWia to thir one 11.1ustrated lit Flit. 1. Each, Of these channels requires a special sciulminoc
or reference frequeuncy which is modulAted with tRe approipriale mckrAtt~lu IURCtM. '1%C
niodulated reference frequencies are provided by the circuits labeled reference oa~cmltautr
unit. These wills eanch consisit of an oscillator, rat'avnct modulators, addiir. .i~vl a funclitill
generator. A choice of four waveforms, in provided as parillel drive to the function gciacr-
nalarm. 71w purpose of the function generator Network its to appropriately modify taiv Of lbke
input waveforms to generate time desired nwdulaung function.

agmal. output may occur simultaneously from all 12 analysis channels. This trosatre
a display problem because cathode-ray tubies have only a aifhitis control gndu andI thus
require lsdormat~or. in sequential form rather thaisi n stlaul~eouas form. Display con..
version of information in thin syntem Ix accomiplisuhed with an electronic commutator Com-
slating of a ring counter and 12 linear gates. The output of the commutator to fedt eittwr
directly or through it threshold detectr to the grids of the three thaplays. 111re tMix is
asm ezpnmental system. sand for reasons of flexibiity, it was Ithofghlt desirable to modify
or degrade the sgltooseratio as little as possible bctwecn the final narrow bandimes
is' the analysis chaimola and the display. This will allow the noise thrvsbold to be sirt at
The display In accordance with the requirlements of ecub particular experiment. However.
am alterafte automaetic threshold detector is also Weing provided.

Output information is in effect three-dimeinsional in character and wtuld be most
advaniageously prs ineds three dimeluloas. As a practical waitter, cathodle-ray utwx'
are capntaga u( dsplaying indornailo. In only two dimensionss; hence. for display purposes
isto Necessary to break the three-dl1msaslowsl Informnation down into pairs of dimokaskms.
This. howver. Introduces a number of problems. ftr example, consider tK, acccktraatlim
versus range display. Noer*. the raster of sweep lines will repeat many tinies (&very drum
ruevolnlson) oew- on top of the ohthr before the 2.0.sec analysis period Is completed. Idols
which to written in each time will add and build up the Inatensisty of thic long peralstelace
phwsphuroms screea, this. reducing tow signal-to-noise ratio of a ss~amal which occurs onily
umne per period. In the case of the other two displays the lines ini the direction £4 the
r~uWm rate or range coordinate will love a very large mumtwr of Aecments written on 1KIM,
which will egceed tK- resolutimi capatolity of the cathmits-r~ay tube (for the 360.gaW. acrel.
cralios gato system). Here again a loss of signal-toozwse ratou will rcsult.

An examinatian of the uimpaber of lines required Io Liich courdinmic Of thic dispLays
rcvcalm thuat only 12 limes are required for the ~Acceler~tion cuordinAte. 46 for the rAniec
cisardisate. and 320 for the range rate coordinate. UK*c 0o few 91*1101111 are seedcd In'
the acceleration &Mi raWg courdlUatgs, the large surplus of elements between the mildi-
mom number required and the maxmum number allowable under the resolutiton lmit of
the cathode-ray tube may be mudd to *UmiW*t the loSs of sagivil-18o81010 ratio due to
the two Previously mentioed problems. Thbis cani be done by adding low-level auxiliary
step swe@p to the main harizonta and vertical sweeps for each of the displays to that,
by using a small offset no sweep line falls exactly on a previous sweep until the complete
2.C.w.~ analysis cycLe is complted. aod the sweep limes having a large number of 9ic.
mentsg are folded so that the number of elements ON any given lime Is ORt excessive. IN
order am to smear owl the elemments on thm display, it Is plaivard to use stesPe1 swee
signals insfead of sawtooth s1012al1.

The. main and awmiliay stop sweep gaemeaors are shoawn on the right-bmaad side of
It.4. Also included are time start sand utup signals. blanking, adders, deflection drivers,

an strobe jenerators n~eesary to actuate tim. displays.
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The follevuini pmragraphs Will deal with the desigr samd development of specific por.
95063 Uf the. system.

LiA8tar Gate' 3,51cM 3tvf Ruini Counter

Squvnl tat sasupling of thP. analysis chassis' outputs tosuecoWfplosim.vd by 12 IIa4mar
gstcu* each plactvd in series with one analysis' rhaoosis to A cwummou vvnilI oulpio. The
ftwtrqmnic commutating actwio is perlermec by a ring counter wamsisstlamg of 13 bmauuy
stagev in~ wheir each WMary smWiws the switching pulse for one of the gates. 'The last or
13t1h hinary pruvldes Ihe Home necessmary for retrace in the displays.

A numbmer of gate circuits have been investigated fur possable application in thei full
sywmp, as well as in the 52-gate system. A atrium-type gate was required so that the
outputs' cuald lie cxou~cted in parallel. Thit cannot bm, doec conventiently with lime shunt
typ withuedt the additionu of an Isolation network or stage. Other ruquirmensats were:
13) A1 fast ulseft rtm and fall is me to accumamudote a 9..pssec pulse widh. (b) linear
reigmistsov err a wide dynaamic ramp of at leas 40 dl.. (c) high atteusstion durLaip the onf
peraud aixi low attcamistion during the on period, and (d) simplicity of circuit design. 11wu
cirtuint that appuared most suited to the reqhlrements was a single-lranmptor paie cir-
cuit. shown ini Fig. S. which was developed as a final result oIf the study.

Fig. It- TramuI'u~or sae SW ji I

This trasm~abor gale piwidea an attesmsatbmof Abul h 52 dl, ut the hegasumlg of 1101 off
period and lmu~reducs U3 Oiltoo for The remsminer of thast period. Thu robe wool fall tomen
dUt? apprusiuIntely 50 uuanout-cosids. awl thic series resistance duaruq the us. perlool lb about
20 ohms. A palng pulsue of 50 vulU jova&to-paak is 601fcleat for pass: tig a sa1al Of 1U
"vmoPts ak-t-o-ea aaapltoad.

Maaiy trmasastors were measured for putential wac In this gale. In order to obtaiun
fasm rse and fall limes, tranisltors with gpad high.f requscy respwase were desirable.
"amos with high collector-tuotmae voltage ratings allow A operatlor. at higher silpial level.
'l'c 2N464. &ao a,~ silco alloy typL, was the must $@litable of tie savclame type, for vase
Usmes auW ulseel ampl~tude capsbtolities.

TetUu~Mutr gate, circuit does awl balance out thme entire galin pNlse. amee all
pite o0t00W are cmumetted in Parallel Old the switching times ane short the sio"" outpu
will anpt appear to be added to tOe offset voltap. This is not expeced to be obgW 101061%
bu wil be fuly examined who the rift cowner to completed.

he rnag counter wtich Sapplues the switching pulse to the go circuits is deeigned
9 see Wutalrd plug-in bilnery Wats manufatured by Liagneered Siectromtcs. Titis ehwists,

SXUZTS
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which icludes the transistor Pgaes has biwn Constructed. ThW dcsign ancitAdks reset cir.
ctits for the ring counter 9th will make it self-startoin and prev.,m more tlan one palse.
Imom stepping arowd the rlin.

The output of the ring counter is 8260 cpa. This is used as a rifereneo freqveiwiy It
addition to gale witching. It supplies the blntrfltug signal for the acceleration swe..'p.
the ream for the acceleration step generator, the uanut for the rang step generator. and
the input for the acceleration sweep modulation of the referce oscillator. Orilinally
it was Intended to uupply the teput of the ring cowitcr with a 10"7.64o.a bipeal that was to
be obtained by a multlplcation of a 4140-cpa sialpal of the Madre Umer. This precise
Ireqpency was no made available. Therefore, the input had to be obtained from the ISO-
"cpa deu syncahronizing puse. This has bet accomplished by a simple 'ircuit consisting
of a 107-he toned amplifier driving a locked crystal oscillator. The lu.ue• amplifier pro.
vides gain to Increase the amplitude of the locking signal, and the crystal oscillatur has
adequmate stability and Q value to lock on the desired multiple of 180 cps and reject the
Othcr multiples of 150 cps.

Tles circuit with ontput drlve"rs has been designed. coistructed, and nut op•.rational.

Iwoerenme Oscillator Unit

A sloglr reference oscillator unit has beten designed and conalra•ted (see 1ig. 61. It
is to be used as an axperinmeatal chassis for setting up a variety of modulation wave ihlapes
for frequ, cy modulating the scan scJllator that supplies the analysis chasslis. Th, frc-
quincy modulation is to be accompUshed by the use of a Varl-L current controlled Inductor
in .'oam•iJataio with vullage.varlable diode capacitors. The sawtooth and rectangular
wavciorm itencrator, fram which the acceleration modulation waveformn art- produced.
haipt bn designed and constructed. A monitor chas•si also has been desiglned and con.
strurted to Indicate the octual muodilation waveform on the oscillator output signal.

Analysis Chasuel

The design of the analysis cianmel is similar to that shown on Fig. I which is pro*-
eally beta used in Madre. A unit has becn constructed and Is reedy for evaluation.

Step Ge'wrators

1gre 1 shows the schematic diagram of the rangp-rate, stop gunerator, which has
been designed and constructed. It provides a step waveform to scan the reference oscil-
lator, step sigals for the range.rnse sweeps, and blanking signals; it times the 2.0.sec
analysis cycle and provides reset signals for several other step generators.

Tubes Vg and V1 , a keyer and one-shot, provide a constan pulse amplitude uad
wmdb for th, step generator, consisting of a constant current generator and thyrairon
reset, tubes Vs and V4 . The phase of t1w step waveform as split by Vs, and two low.
impedance outputs are provided by V,, and Vs. The number of atep in the waveform
ip doewrmind by Schmitt trigger circuit V,, and the blanking Interval to determined by
Vs. A low.impidence oufui for the blMUg sipmal is obtained with the cathode follower
V1. 7he design of the remaining stop pgersiurs will be similar to that of Fig. ?.

UECRET



MRTFAVAL 116141COO L*OA8 I@UV g

Wifev

?a t* Jf"ýw

-uun,. I I

W- 1

(b)

ne 6 Riereace ouct~ager unit COMP.isiag (at *wt'cp
Cuv a.-si M&Xff and drivor, aund fhi scanflAng cier atllmor



IS NAVAl SIHAICK IMOSAIOIY SV�CK&'T

ItI '3.
S

g

I.

B

A.

i

£ �
U

q
g

9.

'a

0

i
0

0 '5

liii
000



,TlrlDlU?KNl

thr.. Advaned ftwavarci Project* Asmcn. Wash. 25. D.C.
Atts: Mr. A. Van Every 1.4

Dir.. Weapons ytelems Evaluation Crou, p u. lIU 0. Penta~on
Ato.: Mrs. S"ves 5.6

NMS U.S. Dept. of Commerce. Wash. 26, D.C.
A1,; Mr. L,. vetea0 7

Dir., National Security Agency, Fort George 0. Meade, Md.
Attn. C3/TDL 8

M. USOOTU. Patsick AFIk, Fla.
Attn: CDR ft. E. Colopy 9

USNEL, Ia Dqgu SA. CaLd.
AMtn Tech. Library 10.11

ONR

Attie: Code 406 12
418 13
427 14
463 is

ANeA : up- S 
is -19

Up-30 20

Up-UTT i 23

OlVM IJ, ltauma Lake, Calit.
Ann.: Tech. UIbrary 25

WHPG, Minterey, Callf.
Aug: .Web. ULbrlry

WNADC, Joibisvale, Pa.
AUlX: Tech. thhrabrY

octa o
Atls: Ch., Re. & Dov. Div. U

WSASIWL. VT. MhmoaIth. N. J.
AIn: U5AmNDL. L&aom Office 29 - SI

CIOeL. stamps
Attn: Code 084 3

225, Toclhical Reports lectIoN 33

IClRIT 1I



is 10AVAI *USIAgCN &ASooAVOT SECRET

IXUT JSITO (Can'dl

Iemearkh & Technical (Xv., Ndp , Air Fore'p Systems Command,
Ogiang AM3 Wash. 25, D. C.
Atts: LTCOI R. M. Coel 54

Or., E niea Pr•jects av.. Dept. of the Navy, Wash. 2S. D.C. 3S

btr.. Defense Research & EunlmcerilM, Dept. of De•enc.
Wash. 25, D.C.
Aln: Air dems 36. ?7

M tWNATC. Patuxeut River NAS. Patuxen River, Md.
Attn: Mr. D. Decker 30

glectrouses rest mD. 39

CO. UI30L1, Corama Camli.
Atn; Mr. V. lllebr•al 40

CDR., Naval Missile Center, Point Mna, Calif.
Att: Tscucal Library, Code J103022 41

CO, VA Army Sgzml Radio Pnmpaptom Agency. It. Ilmnouih, N. J.
Jotn: Code UURP-A 42

CC% Picatinny Armsenal Tocbdcg Research sac.. AAWL Dower, N. J.
Ann: Dr. Davis 43

NdIp., IN Army Liaseom Grp., Projet Michip,, Univ. al Michia,
P.O. Bm 61U. Am Arbor, M1.:h.
Atln: Cer. Mdaminmtkrtos (DAIRAC) 44

Office Der. of Defense MC). Psmtagun
Attn: Mr. J. J. Donovan, Office df Klectr•acs, Hm. 301033 45

Tecilmlcal ibrary Branch 46 - 4?

CO. 10 Army BpsI Xlectroatc Rarnh Umit. P.0. o m 201.
mountain Viw, Calf.

office Chef of Ordmkce, Dept. of the Army, Wash. 2s. D.C.
Aton: o0U31r Dr. C. P. 1a4j

Wids.. LEAF. Ofice aid-. Chief of Staff lidel.49ce. Wash. 25. D. C.
Alin: MAJ A. T. Miller s0

Udpg., WAMCRC, manecom Field. Sedlors, Mass.
Ain: CRMrE Dr. PSlup m 51

CR. Mr. Win. F. Ring
MAJ Stall Serumn
C~r7O'T- 2 14



SECRET 084VAt iI , ICH &ASOPATONY |3

DISTRIDUTION (Co41%)

COst, Naval Forces. ConUmm-Ia Air Dereni, CommarA fat AVD,
Coluraudo aprngs., Colo.
Alto: ADLANI kSeta 5

CUR, Air Tvtc.hual Ink.Illpmre Center, WXAF, Wrtigh.Pattursoa AFRl Ohio
Attn: D1r. P. J. Overbo s

Mr. Gaff
ASAPRD-Disir.

Npqu., Dept. of the AF, Office for Atumic Energy I)CS/O,
Was. 35. D.C.

dcqs.. USAF. Wash. 15. D.C.
Attn: LTCOL KI Baker, AFjRDP-A 40

CDR. Air Foree OXffce of Sre-iUflc Resarelh. Wash. 25, D.C.
Attn: Code SPY

Uip., Offut AM73 Ns-braska
Atts: Ul'atgpC Air ComaA 62

CDR, Air Force BaislclUsNsil Isv., Air Force Unit Pose
Offce. Lom Agsls 41, Calif., 63

North American Air Defums Counamd. Ent APS.

Ccturae& aprtnp, Colu.
Attn: NIE•C (Advanced Projects Grosa)o 64

Kk4lroo-PlhIe% Lxabs., ACIr VILctronicu siy., 45S6 - SWla Ave.,
oyuIftsville, Md.
Attn: Mr. W. T. Whulua: * 6

Slamurd ktrtruumcs Lab., ltanford oluv.. "Islord, Calif.
Attn; Dr. 0. G. ViUard

fltyhoo MIl. Cu.. Wayland Lab.. Waltha,. ". 6

AMto: Ur. D. A. NcdlWd 47

Gecral CMectrlc Co., Court 8L. Syracuse. t..w York
Alm: Dr. G. N. blMmas B

Lockheed Aircraft Corp.. Cahf. Div.. er-.-4'9. Cmli.
Attn: Mr. R. A. iWley 60

PilauleS Aircrafl Dv., Boring Airplane Co.. 1.uatl# 14. Wash.
Amt: s,. IF. L. olnm * 70

1he MNrUs Co., tuumorp 3, 1. d.
AMn: or. D. A. luMs 7

SMICT•



14 flaVAI N6AICW IAS@UATI@S 5VxCr~T

fInITUsUIO ICantd)

1"0 Corp. Of AmerIca Aoro@Wr Csnimunicatfau & Controls Div.,
bur~qameu Mias.
AMl: Mr. J. Mbiaovits is

m., UncIkL .a., Box 3. Lesluuloa 73, Mas..
AMW Dr. J. IL Cuhio~m .

Mr.. NVIVI. 1atm 74

The Pen ftVt Univ. Jiwrt .6t 75l
Attu: Mr. IL 0. Dlx 7

The Rauu Corp., 1100 Mo~m St., Santa Monica, Call(.
MW:i Dr. Cullm Oralh * 7

AM~A. AwNhgism, Va.
MAWL TgM 7'6

Duadla IuWmsa Div., ?be Svntm Corp., 3300 PlyImob Md.,
Aim Arbor, Mkb.
Mtw: Mr. C. U. Nmus. Asoo. Mra. at Knawerlaag

Say* Researck Asoccaiss, 3555 Asro Cow% Sam D1iem 11, Callf.
Adas: Mr. MoM, Weisbrod

CO, clectwoflc "Cos div.. Ramcona Field ftor~.udMs".
#MI: Mr. Hrtry ftraim, lAND?.

C..,alr IN* of Ginarral Dymatmes, 3165 Pacific. Coast 010way,

Mfts: Dr. Bond

*Woard Research ImMaMe, Menl PwtI, Callf.-
Ann: Mr. R. Laobraad 91I

Mr. L.. T. Saiphha, Jr.

;w ZqINO. Calif.

"AL/JXU.UI 062 6 Ave.. Elyer 4wimL Md..
Afte: Mr. 0. 1. Uetelood 0iswOrd 7386)

ChM,. Armsy Securiy AgumcyArlUgts euall SMUGh
Ar~1aom 12, Va.

Aincrt oargs Isurmt.Lbwamory. M.3va 13., I-L, Um Weft
A"- Mr. Su* F. Hall6

CUR m AMR. Colorab imp$1W Colo.
MI:LTCOL IL L. C'ripe. ft WRAD, PSPD-R

nERN



KCsXT IIAVAI I651*6CN tLOAVlAOIY Is

au uuiOw lCow4)

* Arumy Oiduweo Mull Commasi Radium. Arsenal. Ala.
Ann: Mr. Jamw L. Norm..

Diamond Ormwes VFwe Wis., Orstwv Caps. Wash. 25. n.C.
Attic Mr'. Pervy Grifles o

be~tatue for Df~ens Anlyses, IM6 Commi. Ave.. N.W., Wash. D.C.
MAUS Dr. WitsL. Hamwk 100

WesUfig use Electric Corp.. Del~es Cemier-Natimore, Toebstral
bWor~aUa= Coeir. P.O0. bex 1532, Bdalmore 3, Md. 101

f~tmens Bramch IX Army Spieftial Ualsoo & Advisory Grp.,
P. 0,3 uSw 1, Apex Statlos, Wash. 4, D.C.
MIts: Mr. Rtichard A. Krwpr tat

Avr Goo Astro Cop.. P. 0. Sou 1062, MMMU & Uscolia EMS.,
Ale.udria, Va. 103

Mr.. DMSA Data Ccxvr, P.O. Diawor QQ, bsat Burtam Calal. £04

MCC 9T



I OIL

jj~ iilhII A 111g__ 6 i~ailiiIiI
dr 0`

6 6,

- 94 dfl
__ a - -



'd'h Ii ,)'; '31 ii.
ii.l•j I III'11["

• I1 lbi ,, fit

Itiji' jI,' S . '4l l

1811 jI 'I'J LI I '- .l 2I" I I.-

I a

-- '. - 1i ,,•' * " - " '

Sit • "" u `t~3

J13

'" '" , 5 ii1111' i JIH

Oti s



WOWT STATESGOEMN

$30040memorandum

Amu C& .

".EQUM5 TO DCAw"IfY Nmm REPmft

cabe 1221. (C. Rogm)

1. it is rsqmasd dou te NiL. Rqiwts Wld below be decimudfle. The
, *ImIm cawmudmin tmrefqmuits ecome p~lic knowledg In the -y
Ye. sim a cbudmfe

DselumIy. pW& reisse

miw2I3tv s790~rc/ am 703W
0-jif#DP fl-f 0,*g

56"r sale1?
$J7/0 ' PNO WSD9- v j*S65755 MW764W

$p.3qf A3 Oe0 JYY Y17I
Declassiy, DoD smd DoD cmm ouly. Thus R"Wu, contIn Crf~tla

EDWARD E.MADME

seenm~im.



I REPRODUCTION QUALITY NOTICE I

Wew ueas'f tdew hih ped document omanin and
reproductdon 1,-1i t. ki addition we employ stdnge n ftqdy
conoltlechI- quesJ - at am* sag of toe manning mWd reproductn
proom to ensur dot our dlocumeit repr----oduton bs e true to
thewlg 0181 aNrest eoomftg OW erouo ecnlg
dew. ow"o. the fobwhig o lomd document mietions may
admersel affect -0 su-e Output Niorofiche (COM) andl/or pilo
reprodstonl:

"* Pagews mlw or MWge dhe 6.5 koche xl IIInches

" Pages With bk osmd oo or w~u colored poiloting

" Pages wfth emeiw dme S poin typ or poor prnting.

"* PagswOW With 0-11uou1 one mmeal o color
-cu-uppl.

"* Very old- mase p1 ie ~ on poor quality or dotseod"rti

If you we dsesslsfied with dhe reproduton *oflty of WWy
-Acme- thot we provide. perticulay those not exghbithig
my~ of tie @bwV0o OifdlUoml plees feed free to *ontact Ow

Dkwe~oateof User Sm -dose at (703) 76740-6-506 or
6K42740636 f or re mi or resplacement.

END SCANNED DOCUMENT


