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MEMOR.\.NDUM FOR THE MEMBERS OF THE SIGINT OVERHEAD RECONNAISSAN'::E 
SUBCOMMITTEE 

SUB,J ECT: Technical Mission Description of WESTON, 
SIGINT Mission 7313 

1. The technical Mission Description of WESTON, Mission 7313 
hRs been forwarded t~ SORS by the National Reconnaissance Office 
Staff and is attached herewith for your information. 

2. Please note that the NRO requests that SORS Collection 
Guidance should specify geographical areas/targets in priority 
order and should recommend the desired recognizer configurations 
appropriate to each specific geographical area/target. 
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.\lE:\IORAi~DUM FOR CHAIRMAN, SIGINT OVERHEAD 
RECONNAISSANCE SUBCOMMITTEE 

SUBJECT: \1ission Description of SIGINT Mission 7313 (WESTON) 

The mission description for Mission 7313 is forwarded as an 
r.1.ttachment to this correspondence. This SiGINT reconnaissance 
system is designed to meet the requirements of USIB S-10. 9/8. 

Mission 7313 (WESTON) is contained in a spin-stabilized P- l l 
subsatellite which will be launched into a 275-nautical mile circular 
orbit by a Thor/ Agena booster. WESTON is designed to intercept, 
recognize, and record MERCURY GRASS and DAWN ROSE communi
cations signals in the 60 to 70 MHz and the 360 to 420 MHz frequency 
bands, WESTON will measure the frequency and power of the inter
cepted signal; no geopositioning is done. 

The planned launch date, predicated on launch of \lis,,i(;n 7106 

(POPPY), is late May 1969. Mission life is expected to be 9 months. 
Tl,e P-11 power system will provide 6 to 12 collection re,·s per day, 
dt.'pending upon solar array current production. Collec\ iun gu ri,111,1 
should specify geographic area/target in priority order and ttw ci<-sirvc 

recognizer configuration referenced to geographic area/target. 

Attachm.ent 
As St,1ted 

3YEMAN- co:-rr:---: r 

Colonel, CSAF' t/ 
D<":puty Di1·ector for 

S;,,tellitt:· Ope t·alion:,; 
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The WESTON reconnaissance systen1 is designed to intercept 
:incl record MERCURY GRASS and DAWN ROSE communications 
signals in the 60 to 70 MHz and 360 to 420 MHz frequency bands. The 
system us0s two deployable antennas, one UHF and one VHF, to feed 
a UI:!F ;·nd two VHF superheterodyne receivers, The video outputs of 
tlte three receivers are recorded on three separate tracks of two 
1 -\-rninute, two track, 75 KHz tape recorders. During tape recorder 
rvadout, each video signal is analog -to-digital converted, enciphered, 
and transmitted to a tracking station. 

WESTON has four telemetry links. Three telemetry links are 
used for the th rc::e enciphered video signals and the remaining telemetry 
link is used for vehicle status information. An engineering drawing of 
tlH WFSTON satellite is given in Diagram 1; a simplified schematic of 
the W FSTO:N" system is given in Diagram 2. 

-/\i:POP 

J, Z PARA:.1ETERS. 

Orbital Parameters: 

Altitude: 

Inclination Angle: 

Payload Parameters: 

Frequency Range: 

Frequency 1v1easurement 
Accuracy: 

:YEMAN;co\UNT 10P SECREl 
, .. :-; 

2 75 n. 1n. circular 

70 - 90 degrees 

60 - 70, 360 - 420 MHz 

VHF ~ 3 7. 5 KHz 
UHF 2. 5 KHz 
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Sen siti vi ty: -110 ubm 

Location Accuracy: No location capability 

2. 0 PA '!LOAD ANTENNAS. 

The Oil Derrick Window Shade Sensor Assembly is comprised 
of two separate sensors--tl:e "Oil Derrick Sensorn and the Window 
Shade Sensor". The sensors are packaged in a rectangular aluminum 
box 32 inches by 10 inches by 4 inches. Two detachable covers are 
ejected by a squib-fired cover release mechanism which assist 
centrifugal force in ejecting the covers from the package. The over
all assembly weight is 7 pounds. 

2. 1 UHF ANTENNA - OIL DERRICK. 

2. 1. 1 Mechanical Characteristics, 

The Oil Derrick Sensor is deployed by a spring-loaded, oil 
damped actuator which pivots the sensor out of the base shell. Simul 
taneously, four fiber glass tubes are pivoted out from the longitudinal 
axis of the sensor by lanyards attached to the base and the tubes. the 
tubes form a frame reas se1nbling the frustum of a four -sided pyramid. 
Wires which are threaded through and spiraled up the tubes are 
stretched taut between the tubes by the erection action. These wires 
form the sides of the frustum, The wires a re encapsulated in a sheet 
of mylar to prevent snagging during deployment. The frustum formed 
n1easurcs approximately 2A inches high, 9 inches square at the base, 
and 3 inches square at the other end. 

2. 1. 2 Electrical Characteristics. 

The electrical design is a modified log periodic conical 
spiral. The conical portion is modified as a four-sided pyramid. This 
change has little effect on the antenna pattern. The antenna windings are 
modified and a constant µitch 11elical is used instead of a logrithmic 
winding, 

EARPOP 
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VI :1,~ ANTENNA - WINDO\V SHADE. 

Mechanical Characteristics. 

COMI);T l8Yf.M, 
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The Window Shade Sensor deploys by centrifugal force which 
unrolls it 57 inches out from the aluminun1 base. The sensor forms a 
dacron sail measuring 30 inches by 57 inches with a gold platted spiral 
pattern on its surfc1ce. A coaxial cable is also stite:hed in a spiral 
p;:1ttcrn to its surface. 

2.2.2 Electrical Chc.J. :·acteristics. 

The Window Shade Antenna is basically a Planar Equiangular 
Spira I using one and one-half turns. The radiating element is a non
conducting dacron slot which forms the spiral. The balance of the 
;:mtenna is formed by a conducting material. An infinite Balun is formed 
by stitching the feed cable directly to the cloth with wire. In order to 
preserve symmetry, a dummy cable is stitched on the opposite side. 
The pattern is that of a. dipole. The radiation is bidirectional with equa 1 
bearns radiated from the front and the back of the structure. This beam 
is circularly polarized on its axis; the axial ratio becomes greater as 
you approach the plane of the antenna. 

;, () PAY LOAD RECEIVERS. 

3, l VHF RECEIVERS, 

:; . I. l Introduction, 

WESTON uses two VHF receivers. These receh·ers are 
single con\ ersion supcrhetcrodyne units with computer controlled local 
oscillators and tracking preselectors. The computer tunes the local 
oscillator and the pre selector to 1.34 predetermined frequencies across 
the bci.ncl ltntil a valid intercept is 1nade, Each predetermined frequency 
constitutes a channel. When an intercept is made, the local oscillatcr 
f reqlLency is 1neasured. 

3. 1. 2 Circuit Description. 

T 11e RF input to the VHF receiver is connected to a coaxial 
relay which switches between the antenna and the RF calibrator. This 

EAH.POP 

BYEMAN /COl\lINT 
, vS 

IONEGRU_ 
~\\.t,uOt'U t'1,l_tM AU10hf'\l\C kf\,iillt· ,-.,,, 
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voaxial relay open:-; t11v ,rnten!·,,t ;)at!: ;,i~r: ;::,Dii,·~ ,. - ",, 1J::. :-,:::. ·,, 

si!_!,nal for ~ystem ch(:~;.: clt.ring ti1(· Ci:•.:;.t !J . . ·t., 1,:·.1:,-, ,.,:· :·<:,':(::: , .. , 

1·he output of this r·elay, eithr::·r ar:t<:nn:-, ,,t .,.,i:·:· .• :,,tt:d .,;i :,: ,., 
th roug!. a band pass filt<:;· a.nd a rr,c;!tito,:pic!· :,, .,· i~ r: c;: :::. 

t'<'1.:eivcr. ·rhe siµna! frorn the n-;u]ti<.0•1plt.·r ::- ,.,. ,, :::L· .,'.:,·-
,.;,il<:ctor \>..•hic:h is being tra,.kcd b-;; the ;;c;,:: :.;ci·.c:-:,tu::- ) :;~..:•· :!·•.,,: 
synLhcsizer, The pres elector outpGt ,ind t:a: ,.,._._,·(· tt:.: ;r,c;! ,,.,, . 
Cron, the s·y-nthcsizer are cc,inbined .:u th(: :·ii·t;;, :!·.i,-:<:t· :o ;,:·,, .,:v .: 

differ0ncc frequency oi 21,4 me. The mix-:.~r o:.::-r.t is :i:-: i.~,-(: r.,· ~·:• 
iirst stage, applied to d. cI·ysta.l filter anc: a :·nix(·!', .-u,ci f··;r•:b::· .,:: .,.; .. 

by additional IF stages. The IF output f:,; :lr:-.;:Jl"''·d.:· I::.r:-::.k(: ,,::c, '· . > ..

to the discriminator through an isolating bu::·e:-- a!'l',pli!'it.·!·. One ·.-1 
output of the discriminator is ~l!npli:ic:d ,,n<~ ;, .. 0''· :x.1::;:o :i::.:·:·,•:: !()!. 

application to the tape recorder. The !-econd (!i.,:cr-in:i?,,!:or o·:t:Yz:, 
1 :., :i 111plified but not fi ltc red, is ,.;;('d to <; ri ·:,· t:~l' r-.:~t <,:.rmz1:· r , • !·,: .~ ~. :· .• 

.... -- . , 

l !:: ':', :-r: :: .... (• ( .. ,:.. .. ,. -
put i::; low pass filtered and arnplifiec: hy an inu•:.:::·at1,•ci dn: .i:i~ ;,:,-.:>'.::i,· 
iollowe<l by a two transistor hi;:d1 gain ,.·i(:<'·l, ::,~: :: .. ie~·. T::i:- .:, .. ;:) .. · 

u:-;C'cl to dri\·c the frequency rc,idout ~·i:·c(it::-y. 

A peak detector circ:.tit will inc:icat(• 

' 1 . ) Discriminator. 

The discrirninator is tuned to a c(•ntc-1· ireque::,· o; 2}.-; :· .. , 
and has a linear bandwidth of ·l:O kc. T:1e ir:put ir~:pecan.ct· .:,; ! K-o::::·. 
and the output irnped::i.nce is 100 K-ohn-:. Input \·oltage !T'.:u::t r:o: <.:Xt.:•e-c 

1. 5 Y rrns. The output is 2 3 rn \" per kc dc•;ia tio!": -,,:i :1: :, l • r:~, ::
inpnt. 

3. L-! Video Amplifier. 

An ernitter follower and single stage an:-;.!)1i:·ier· co:-::,:)ris(.- 1:,(• 
ddco amplifier. The output 01 the discriir.i!,,:tor is cz,pacitor coa.:pll·c: .:.o 
the bast> of the ernitt..::r follower which pro,:i(:c s tl:e i n:peci.::-, C(· 

iEMANI C O\HNT TOPSICRH-
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,11.11, nth(' 100 l,-nhrn dic;cl'irninator outp11t. A variabl.e resistor 

11, t!1,·, 11 itt,.'L' follower pro,icks an1plitudc adjnstrncnt. The video 
,11,;iiili,·r u 1lput i:o capacitor coupled through ;L 1·3 h: low pass filter 

1,i ll1l' ·,\':-ill'ni n'c-orcler. The output ot' the ,·i<ko ;u-nplificr is I V 

I'!'. l ,, i ! 11 l) d 1 I) F 10, t d. 

:\ c,C"cu11d ,·id,'u ;llnplifi,~r is pru\ idcd Lo drh·c the rc.•cognizt·1·s. 

1 11•< .1rnplifil'r is idcnti,·;d to the abo\'C· exc('pt th,1l thr. I :l kc low pa:,;s 

: il,t·1· is omilt,'<L This 011tput is 1 volt rms into a 2 K load. The 
:·,, l)c'.!lizvr ,1ti!iY.v;; band pass filters <1ncl the 1-\ kc low pass was redundant 

.. r,<i cu1:•,(•q,H'illly ornitlcd . 

. 2 

lnl n.ddclion. 

\VF'.-iTO); !lSL'S one UHF receiver. This reccin~r is a dual 

, 011\ ,: rsion sit pt' t·hd.erodync with a voltage tuned local oscillator. Tlw 

lo,·,d o,;,·i!lalor ;:;t,0 ps across the frequency band tmtil a valid intercept 

i" !,1adv as dC'terminecl by the recognizer. At this tirne the local 

""''ill;tlor ft-L'qucncy i~ measured, The lin,it:ed pull Automatic Frequency 

<,,011t:r,ii is :tl'Nilys enabled, 

Ci rcuil Description, 

rtw !U·· input to the lf!IF' recei\-t'. r is cu11nccted to a coaxial 
1·(·!.1\ \vhich switclu.·s frorn ;1ntenna to t!Jc RF calibrator. Upon corn

::1"1,d, the ,:0;1xial ,.;witch opens the inco1ning sign,ll lead and i.lpplies d 
'HJ dh111 simttbtcd :,;ignal for receiver systt!rn check. The tlignal tlH:n 

p.is,:;<.•s thcoLtgh thv HF band pass filte1· to the p1·esel<'ctor, TlH~ pre-

"' l,. ltu:· and the :,;wl'pt loc;tl oscillator are tr:-tck(•d togetlH!I", Thesl' out 
,J•1t :irl· (tpplicd Lo thL' first mi::-;t.'l' and pru\·id(• ;1 120 inc· output to t!w 

r i. 1· t J F' ; rn 1 pl ii' i ,.: r . 

F'o!lowinl!. two sld_c,c:s of n,· g;iin, the· m1tp1tt is tnixcd with ,l 

1-ll. I 111(' n·:~l,tl os,ilLd.01' to jJ!'()\'idv 1h(: :-,('('()lHl JF' or 21.·l rnc. The· 

.'.[. l 11:, is :,111plii'ic·d IJy :1 one st:1ge 11" :unplilicl', couplc·d through ,:1 

21.·i m,·, .!.OU kc b:1ndwidLh ci·y.,.;t;ll filter, .1111plii'iPd by two more TF 

:1!'1!)li:·i<:1';-;, followvd by twu lirnitcr st;tgl's r1nd :i buffer ;,mplifier which 

l-i(•ci v, isol;Ltt· tlw lirnitl•r stagvs fron1 thl' discriminator. Frorn tlw 

3YEMAN 1<:C>\t1. lOP SECRET 7 j '} 
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lrnUt·r ;1mplifie1·, the IF sign,tl is coupled to thv 21. 4 me, 200 kc 
!idndwidt.h di;,;cri1ninato1·. Tile detected output frotn the discrimin,1tor 
is then cou plcd to two video ampli[ie rs- one to drive the rccogniz.c r 
<11l(I one to drive the n:cordcl'. The video ;-\mp1if'ier that drives the 

1·,·1 01·ch:r i;--; fi:d through a 11 kc low pass Cilte1·. 

'J'he swept loca I oscillator output i.s ,1l ,:;o amplified by a 

180 me to 5·10 me i sta gc iso la.lion arnplific e and rnixcd with eithc r a 
·I 7<,J me or 5•t 1 me osci Bator which is selected by a voltage frorn the: 
sc,rn generator. The rnixer output is applied to a 32 me low pass 

riltc1· and thC'n arnplifiecl by an integrated circuit amplifier ,ind a two 

stage \·idco ;irnplificr. This output is applied to the external frequency 
mc:1s,11·cn1cnt circuit. An output from thu collector of one of the two 

L!'ansistor·s in the switch circuit used to select the 479 mc/541 me c,11t

ptt t is provided for frequency readout monitoring of UHF sector. 

The AF'C voltage is obtained from the discriminator and is 
;1 pplicd lo the swept local os ci 1lator. The AFC capture range is about 
100 kc. 

Th1c' pl\ak detector circuit will indicate a de voltagl:' from 
dpproxirnatcly .1 Vele to 3 Vele as the signal strength varies from -90 
tu bU dhrn whenever the re ccivc r is stoppe cl on ,1 signa 1. This is 

,1c, ompliBhed by taking tl1e RF signal after the third stage of the sc('und 
J!' ;.t1nplificr ,rncl before the lirniter stage and applying it to a one ::;tagc 

amplifier and peak detcctoi-. 

Db c rirnina tor. 

The discrin1inaLor is tuned lo a ccntc r rrequcncy of 21. 4 me 

linvar bandwidth of 2.00 kc. The input irnpedance is l K-ohrn 

.inrl tile.: OtLtput impedance: i:-; 100 K ohm. Input vol.tage should not 
l"'; ccvd J. 5 V rn1s. The output :is 5 n1V per k(· in put dcvi;1tion wit'h a 
I V 1·rn:-, input. Two 011tputs are pruvidt•d, The fir;,;t pro,icks video to 

II:,· vie!('() d!11plifier ,incl thL' second provides i\FC. The AF'C oulpttt is 
( 011plt:<I through ,1 low pas:-; filter to the scann:i.ng local oocillator. The 
Liinv c(in!::itant of this AFC circuit has been set at about 75 1n:-;, This i:-; 

lung c•nrrngh to pasc; the lowest frequer:.cy o( interest ( 300 cps) and short 
VJ1(n,.1~h t•> lTnLcr th<:: recci-,·c,r early in the .500 n1s prirna ry Jock pC'1·iod. 

\ !-' I>( ) ! ' 
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\ idvo /\111 I ifiv r • 

.:\n e1nitter i'ollower and a -;ingll· :-;t.ig1· ,11nplifu:r ( ontpric,,· 

lhl' \·idc•o ;tmplifier. The output of tlil· discrinii11ato1· is I ap<1dtur 

1 ,,uplvd to Uw base· or tht• ernitt(•r fullowvr whi< It provi(ks 1f11· l1iv.L 

input in1pcdant·c to rr1t1tl·h thra 100 }<::-<>l1rn di'--;r ri111iu.:1tor ut1tJH!t., ,\ 

,,.t 1·ii1bl1: rvsistur in tlH~ crnitter foll1Jw1·r is us,•cl to pro·. idt• ;111 .in,p ii,,:, 
.,d_jusl111l'nt. The ddco arnpliCier output i.s, ,tpd.citcH t'(ll!p],.r[ throt11.d, 

l-\ kc low pas::; filler to the ::;yste1n rccordl'I', Thti output i>l tlu.· \idvr, 

:,mplifit:r is l \' rrns into a 10 K lo;-1.d. 

A second video ampliricr is prmidt.·d to drive the rct·u~niz(· :·-;. 

This ;tniplifier is identical to the abo,·(~ e:-:c('pt that tlw l ·l kc.· low p,1s:-. 

filter is omitted. This crntpL1t is 1 V rms into;, 2 K lo,1cl. 

L:\ l-'. pc J 1, 

1.0 PAYLOAD 1u::cOG'.\IZEHS, 

1.1 (;F:;\;ElZ./\.L. 

The\ system has bel·n JHovidc·d with two !"('cognition inrli ·,ltur-. 

n:fcrred to as ' 1prir:nary lo,·k'' a.nd 11 ::;econdary lock.'' The fLtnctiu11 ot 

prin,a ry lock is to take ;i cursory look at the sigm1 I cnvi ronn1 l'llt ,111d, 

if ( ,·1·t·;1in criteria ,ire met witl1in 10 111illisvt·m1tls, to forcv t!i(: 1·<·1 <'i\·(·r 

to dw('I] at that frcq11cncy loc;;tion for an additional half(. 5) s,·, one!. JC 
d11 rinl'.. th(' , •.j second interval the rno 1·l· str-ingl'nt sign.i l , ritt·ri,1 ;, r,· 

rr11·t, the• systcrn is placed in ,111 unliniitvd !od< ,;ituatioll, ! hilt i,-,, th,· 

re(·vi,·(•r i;; forced to r<'nl,tin ;it that trequviffy lu, ;1tion (l h:innvl) fur 1ii,· 

dn 1·;1 lion of the sign .. d. To protect th{' :-;ystcm ;.igainst pv ri(,dic si.!.,)1,1 l 
fading or intci-fcrc:nce due.· to noib(' or \'luttc·r, the syst<.·rn ha:-. ;1lsc, lH'vt: 

provided with a ''hold through f;1(1l•' 1 function. 011t·v Uw ni, ogni/.c·i· L.i~. 

nt.tclc: secondary lock, and [ur onv re,t:-;on u1· ;inotlu·r tlH· si.~11.1I IH·i: L: 

111uniturcd L1ils 1u continue· lu tn(•t•I tlw n·u>.L:tiitirni, 1·itl'ri11n, thv 
1·c·, ci\('l' will be forced to rc111:1in on th.il c!i;11n11•l fur ;.1. i'i:-;c•cl i11tvr,·:,! ,,i 
\ill](', 

Til(· rvvul!,nizc:rs up<'J',Llv in !111·<-v !ll<.i•:I':-. :1.rid ,,;,cl1 11.,Hiv " :,:1' 1 :c 

1 u1nlJiJ,:.1t ion ut' the tit !'l'l' sign,t J.-; 01 intv rc,-,L i l,v .-,iL:n,1 l:-. uf i11h" re·~ t 

;,n·: ;1 dual ch:.Ln11('] F~K sil!:n;il, :1. puls,.:d ,:JfJ ,·p:-, tont:, ,,r:d ,l pn·d<":1 :·• 

11iinc:d l'Ul111Ji11,.1lio11 or si.~n:,1 prt·s<.:JH Vin tlir,·v filH rs. !'!t(· 11,drll'l< !' it: 

v:hich thv:-;c :-,i.L•,n,t!:-. arl' pr<,cc·ssvd i,; dv1H:1;1J,•J1! 1tpo:1 ti1,· t1 ,,riv ut' '')" ,·,,t;r,:, 

<if th(' ,.;y:-et(•lll, 
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Pr:n~:1n· l,01:k: If during the 10 rnili!'.ecund dwell llnH~ r>f llir, 

:·,.·, 1.·i ':t· r the ),i!-(na I n11·ets the rt..: l,1tion" l1ip 

U\ B -I- AB) -/- (C D + C D), 

t ,, r•·n·i\TI' will b(• L1•ld on that ch,11mel for O. 5 beconcis. A, B, C, 

. , i : , i : l n · p n · ;, ,· n t t b c H , 5 kc , () • 1 .k c, 1 2 . 2 k c , and 1 2 . 8 kc to n e s 

!·v,-;H·l·ti·:elv. Thi.sis accomplished by filtering the video 01.1tp:.,t r/ 

tL<' r<•cvivt:r, d<:tecting the envelope of the filtered outpu1; and siicir.fI tl,v 
l!,·lf·(·tur outpHL Th£' rec;haped \·ideo is then processed in an 'e:-:cl\,c;i t: 

')I' gat1:. Tht: detector time constant is adjusted so that thr: sigmd 

n:1;st be present for at least 4 to t, rnilliseconds. As soon as the 

't·xc Lt1::ii \·e or" relationship has been satisfied by the signal, a 500 
n:i Hisecond one-shot is triggered which i!: the "prirnary lock" output. 

Se,·undary Lock; During the: half second hold generated by prirn(.lr 

iu, ;,, tlll' signal is examined for tone switching. Th(• signal n:ust swit( ', 

fn,11 1!u~ lower ton<• to the upper tone at least five times during thi~ h,.:'f 

:-t·• uml interval .:ind at the sa.n1.e tirne rnust continue to satisfy the 
, :-:, ·"si c c,r'' criterion. On the fifth transition, a control binary i:; 
t ri,;gc red which represent:, secondary lock. The output of this bi.n,t ry
:wlr:,:, tht> rc:cc:iver at thic;; frequency location for the duration oi the sign~ 
:\ · rvc ugnition rr,c,nitor", which is initiat(;d the first tin1e the sign.::i l 
,;,,ti.sfie;c; the recognition criterion, senses tl1e 01..itput of the circ;1il:·y 

BYEMAN 

( (,,,nting thi: transition,; fron, unc tone to iinother to gLtara.ntee tha1 th(> 

-i c!ll<.t 1 contir~u,.• s to rnect the recognition criterion. !J dl:e to fa dine or 
·,,;h,· 1ntt•t·f<·rence, the signal fails to :nakt:: the required Ii\'(• trar,~iti<>J:" 
i1. l:dit-:-.c-1. ond inter\·al, tht~ nicognition-rnonitor will trigge1 ·\ :> sc:conri 
h(,l ii-th rough -fa de circuit. The tunction of the ho Id -th rough - ,ade 

. i ?·, ;.it.rr i,-; tu torce the rec<:ivc·r t0 i-erna.in at that particular lcicat'ion 

, ,i~i l it i"' ce rtairi that t}1(: valid signal is not going to return. If du rinf:?. 
:r,i- ) :,,c,·c1ncl inten·;1J the re:-c:01n1ition criterion is again satisfied, ,:1t: 
·;,,!,::::,~ ,.ir(:.it is n::sct ~tnd tiH~ system !)laced in a \·alid secondary l() "· 

prin, ,,.., will ri.::pbtl itself indeiinit<:l;· until the signal fadc,t, or go,:· 

-.;"'}. :(>!· , 1wriu<! of tin,e greater than .:I seconds. 
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.\ !J11i11it11r on Llw ",~x\·lusi\·c or'' gate has been ,tddcd Lo the \1odc· 
. \ l' v , · , J L'. ll i l i. 0 ll c r i t '-' r i O 11 • T h C' f ll n C ti O ll Of th i S tn Olli t O t· i S t O r O r C <: th e 

two to,H'S :-;;1.ti::;fying thv excl11::;i\·c functi.on to hnve a rnini111ur11 delay 
l>l't\v,•(•!1 switching. That is, assume tone A is up, when tone A goes 

dowi:, Lonv B nmst cornc up within a pn~sct tirnc interval. 

\\'lwn the recognizers arc placed in Mode I3 there• clrlt two signal 

, ha i-;1 ('\C dstic s of interest- -the FSK signal de sc ribcd under Mode A and 
the two ,.-oice channels, These two characteristics are processed simul 
t;cncu11 s 1 y by two independent circuits. 

For the UHF band and the 60 me to 65 me VHF band, Mode B 

ope r,Ltc s as follows: 

Primary Lock: For the FSK signal, the primary lock is th<· sam(• 
;i:--; was described in M.oc\c A, The receiver will also stop for a 0, .:i 

sc·cond if the signal satisfies the equation (X ../- Z) Y, where X rvpn•

,-;c-nts crwr/.'.y in the 300 cps to 1200 cps band, Y represents energy in 
Lh,· :\. '. kc to 3. 7 J.:.c band, and Z represents energy in the 7. 2 to 7, 1 kc 

!.,and. This criteria must be satisfied for approxima.tely 4 mi.11.iseconcb 
'.•·i1 1,;, t·hc: 10 millisecond step for primary lock, 

I-::\l-:POP 

Svcondary· Lock: Once the receiver has been stopped on a 
putential \-alid signal {prirn:try lock), the ddeo XYZ paranwt,·rs will 

bv exa:ninccl in detdil. /\ valid secondary lock can occur on l'ither the 
,-·sK signal as defined for 0-\o<l(: .:\ (H if the (X + Z) Y equation is 
s,1tisfied for ;1 1n0dett· rinined tirnc within the 500 rni1lisccond scnJJ1d:11·v 

Lock .. 

Fur the €15 to 70 me band, \loc:e B operates as follows: 

Prin1;1r}' Lock: A 500 rnilli!-:iecond primary lock can only ovcur 
on the F'SK :-;igna l as clesc ribcd in \1odc A. 

:::,c·conclary T.ock: At'ter J.ht: receiver has bt.:l',n stopped on a pos
·,ilJLe \-,did :-;ignal by the: F.S}<, sccon(bry lock. can occur on t:ithet· f•'SK 

,is described in 't\1orfo A or the (X + Z) Y equation. ln ;:\ll cases, t!it: 

BYEMAN /CO\UNT ~ 1 l -s 
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'·.,[d-thruu"'h-Cidl' (l!TF) circuit:-, work the ::;aml:, Thcr(' 1s a occond 

11 l 1,· if tlw 1·vn•i\·1.'r is locked on !•'SK and tl1e signal iails tu rncet tlw 
i"l'COl!nilion, ritc•d;i (sec Mode A}. TherP is a 10 second IITI• if the 
r,·,vin:r i:,; lucked on the(\:. -/- Z) Y equ::1tion ,tnd the Hignal. fades, 
,:rups uul, ur otherwise fails to rneet the criteria for recognition. ff 
th t• si,2.n;t l rct 11 rn s within the 10 second I IT F :ind lnl'ets Llw recognition 
, ritvi:i.t, tlw sysle1n will rernain locked; if not, the system will st;i rt 

L ·i \IODF C. 

\\'hvn the- recognizers are placed in Mode C, the re are two target 
,-i:_:11.i\s uf int-.~rcst--the FSK signal described ltnder Mode A and a pulHed 
,OU ,ps toiw. These signals are processed in parallel by two indepcnrh·nt 

l"il'CUits. 

Primary Lock: For the FSK signa.l, primary lock is identical to 
t\;,tl \':hich was described in Mode A. For the 300 cps tone, primary 
lu,•;, i,-; ba,:;l'd on signal presence only, because of the short dwell timl' >f 

thv n•c1.•i\·e r (10 msec). The receiver video is passed through a 500 cps 
,v.•. p,ts ,-; fi ltt.•r. The fi lt(•r output is amplified and passed thrmtgh a fnl I 
.•. ,1 ·:c r<'ctifie r. Tlw output of the rectifier is sliced (th re ~;holckd) by a 
'-il limit t t riggc r, integrated and :,diced again. The output of the second 
:-;, , .. d -trigger is buffered by an ernitter follower and used to trigp;t'1' a 
',!Jli rn,~vc one shot. The outpt1t: of this one shot is the 1nirn.i 1·y lovl~ mttput. 
P~·1:y;;.lry lock is, a;; wa:,; the GU:il' for Mode A, a 500 niillisccund hold 
'·'· :,i( h -;tupci th(: receiver frorn scanning. 

S('l uncb ry I .oc k: Once the receiver ha,; been stopped on a pote11ti;1 l 
.,1.!i1: ~.ic;11,1l (primary lock), the vidc•o parameters will be c·xamb1cd in 
• . .-t,,il. ':alid rc·cognition (s<:condary lock) (or \Ioele, C is baih:d on tlw 

l·'. si;..:n,t! and tlw ptd:-,t:d ~00 cps tone. The n.'c<>gnition criterion for 
t!H FSE ,-,ign,t! is idl:ntical to th;1t c\e!-;cribecl for '.\1ock A. Thv \()() vp:-; 
,,;1.v is pvriodic;1lly gatl·d on for 7"> tnSl'' and off fur )5 msc,:c. Tlw \·ideo 

, :-:;1rni11ed first for th,· 75 1ns(•c on tinw, then for tht.' ~.; mse< oH tinh·. 
:11 1·-,v, riti...·riun h,.1\T b<·en ~atisfi(•d ;ind t.hl' Sl).(Jlitl 1n,1lq•s at lc;1st thrvv 
tr;, 11 ·,i 1.iur.~, it is < onside n:d valid. A transition is dE.!fin•·d as 75 n1 :-,(•t· ut 

;, ,',i) '·P" t<Ha: fo[lu,...,ed by 15 nls,:c oi no -100 ,ps ton<•, 

70P SEEREl 1 ll 
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J"h,· trvqut·ncy syntht>sizt'r works 111 cunj1rn1·tion wit.Ii! J,,, s\ stv111 
;11·., r,11nnH·r ;111d th1.' VIIF rp,·ch·1·r to pro,·id,· cli;1nnvl-by-, IJ;-11u11·l 

C't vp:--: rv ,, d ting in ,lll in l' l'CllH'lltil i r t'l'(!\11.'lH y l'ha ngc (if 75 ).; t ])l' r st1.•p. 

~)1w .1ddition.d step b utiliz1.•d (59.c)25 me) tu rwrmit the ~vnthesizc·r tu 
~·,•c,'t. l'h,· wurst case accuracy oi th(• synth('siz(;t• is sndt that tl;1• 

111.1xinHnn tuning vrror is ) kc. Th(' synthesizvr rc·cc•h·es its ,·orn1n:1i,d:-, 

'r,m1 thv :-:ystf•n-1 progr:1rrun1..~r in tlw form of an 8 bit binary word, 

"'· 2 HF CA LIBHATOH. 

llw primary fundiun of the RF calibrator i~ to 1n-m·idt> :1 tt'sl 
-;ic:11;1] ,ap;d)k of vxt·r,·ising tlH• J'(:•cc'ivers, !'t'cogni:.r.crs, t1nd otl" r 

s\·:~tt"tn drn,iti-y. Thl' calibrator i,; initiated Vill.·h timt· the lb\ de 

!'1•adin po,u·1 i:,; ;1ppliPd. Tlw •.otal test cycle t·cquires 20 :-.1'n>nd,,. 

i111r:ng thi~; tinH· th(· target signal is sin1lllatt•d by an FSK siµ.11it.l ,.or

r,·s;.H1lldinL; tu ch;innc•l -\, Thl' F.SE :-;ignal is gatvd un fur :1pproxi111all'ly 
;, ..,,., ,lllds, off for ·l Sl'conds, then un ;tg:1i11 for -1 se1ondb. This sl'qnctll·,· 

:Jn"irll•,, th<' 1nodulation n1-c1·:-:-.;tr\· to cht'ck the opl•ration or' the rt'lO!..\!li

tiun ( i n·ttit 1·y. Tfu:; outpul of the arnplifil' r pro,·ick•s the mudttl:il 1.u.11 

.,·,vt()r:i::-; f,ir th,.: u:--1 ilia.tor ~,·,tion uf tl11· calibt·at.or. In :1dditioi1, 
, <J11t n,l \·olt:1gv,- .i tT prc\id1:d to DJ}l'r,1te the HF co.:1.x.ial .-.,1;, .. ,-:-; \1.hi, L 

t!i :,cunnvct the ;u1tc1111<.1.., ;111d ;1 pp! y the ca lib rilto t· output to tJ-1~· n·c,·i \ 1· r· s. 

l~•·L'.!tl:1tvd powl't' (+ 15 \'de) i:-; appli1.'d tu tile' O:-iliJl;·1tO!" s,:.iction oniy ckrin~ 
tl.v .!.O :-il.', und te:-.l int{: r,·;t 1. 

A, c11rat1.: llll:,1,;11r(:1nvnt of thi· rccvi\vr HF frt·q,u·n, y i,; a1·1·u1n

fdi.•'l:,·<I 1.,y 1u·tl'rodyning the lcH·,Ll 0,-,1 iil;.,tur will! ,1 ,-;:talJlv r<·t'vrc•tn t· 

(1·1•c1,1,·1,, \' to p1'(1·.idv an outpttt which ._·;1ries (r<'Jl\'l ;i l'vw hundi-,•d kil,1·• 

.,· ,·~, [,) 1·! lll<:g;n\c. i,·.!-> as t!l<" r,.cvhl'l' !l'l.'([lli•Jlt'Y i~ ch;1ni.:y1L T!1is 
1 ,·'!' 1,·11, '.- i :, ,· ,ntnt,·d (u r ;1 "h() 1·1, \' v ry ii cc11 rd Lt• fH' riod of tini l', l !;, 

r,· u ilillg di~i t<1 l I uu nt i:-. , Ott\,.· rtt:d to ;i lld lug fri r:n and appl ivd to t. lw 

l ·, 
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-!, :: , .,,:1t1 1tl.1tt,r,-; illr rv.tci(.dt, Since tlic·rc: ,, rt' thrt·e re, l'l\·c-rs t•., 

.,, ::v,1,.:1,rvd, tht· frcquc11t·y counter is S\•.itt·h<·<I lJL"tWl'c·n th(' rl't t'l\c·r:-i 

:: -::11, l1r,1n1,-;n1 with the-\ Ill·· t un1111ut,1tur sn th .. t d11ring unc· i"i-;1me u( 

t 1; , ,,::n::1tl.tlor thv trcquency ot' rc-cc-i\'t•r n1.11nbvr one· is rvad out, 

.r.11:.: ti1,· 1:v:-.l (1·.inH' t!H~ frequency of n~cci'. c·1· rnttnbcr two i;..; rc,;-id 

.:, l't,. :\ four l, .. vi ;inalog outpnt to the con11nuL,l1n·s i:-i ,1]sc, pnr.id, d 

1,a·ntil\ t!tt' r(•,·ei\t_·r ,ttHI \"!!l·' s,:ttDr being n1v,,,-;11n,d. 

1'!1,: incurning frequency Crom the recL:i\·t·rs is applic'.cl to a tdg~,·i
.. i 1·, nit \';hi l·it pro\ ides a rapid transition to JT,cet the 50 nano:-,e,·onc! uc· r 

,>!t Ldi tin,c rt:quin'd at the input of the intvgratc'cl circuit flip ilop. 
t°i:<' ,i·,:tput of thl' triµ:gcr in the UHF rc1-C'i\·l:l" ch.:tnncl is ;ipplied t) ,1 

-~ pv, i:.1 l hi,:-!.h :;;pl't'd binc1 ry lo reduce the rna::-.:imurn input ra tc to l 7 ntc')!.iJ -

, , 1 <''"' '--\ hi ch can be counted by the integ ra tc•cl ci rc11its. 

Ti~(• irttffll' 111;irkcr pulse t'ron1 the YIIF con1nrnrator 1s a)so pa:"scd 
':,r,,:1.c:h a tt·ig:~(•r to c11Surc cornpatibilit) \vith the integrated drcuit 

,,tvit,ents. This sh,iped fr,une 1rnlsc nrns a c;ca!c-of-thrcc counter to 

.:, tv th(• discrete co1nponcnt three pciint corn.mutator, The output:-; o: t!·v 

th1·,·1"· HF triggers ;-ire coinnrntatecl by this network into a discrctl' 
, .;:1:\HllH'J:t gate which perforn1s the function (A .j, P, + C} D, ,~h('r(' .\, 
';, (,, ;ir,• tlw t!HC(' RF 1s and Dis the• 15t>,25 microsecond col!nt period 

.,1,·. l'his 1S6. ZS microsecond gate is <fori\·ccl frorn the 6. -l- kc crysL ! 
:11,,:-,t,r oscillittor in the con,puter. 

l lw output or this gate is a 15t), 25 nncroseconcl bl!rs! of the 

>'v'vdvci rt~cei,·er heterodyned output and is c1ppliPd to a 12-stagt:' binary 
n,unte i-. At the end of the gaU• pe riocl, the counter status is rc•,1 d out ,·it, 
si-.;. 1.:Lclckr-type D/A l·on\'t'rters and applied to si: ... cornrnutator points. 
I 1i._, .i rri\·,d of lht> 11<.:xt fnunc· r:nark cle<1 rs the cOLtnter, unlatches the 

, "1111 u(•riod 1lip-flop, And ,~cl\·t1n,·cs the sc;1lc-oi'-three to select tht' Jh'Xl 

r,·, v1,-er hr·lc·roclyned fi-1:•quen,·r • 

. \n ;1dditional folll' lv,·vl ladder 1wtwork is pi-cn·idl'd to indi,·att' \'."hi, h 

r,, l'l\ vr i~ ucing ~;ainpkd. This n.':1dnut ,1!::;u indic,lll'S whid, protiun of 
:: ., 1 lll-' b<1nd is in tt:-.c·, 

,.-1 Pl,OCHA.\l\lE'H. 

Thv function of the progran1n1er is to u))Jtrol th,: t\vu \'l!F t't't'(•i\ crs. 

t,v prirn:1 n· tnock of operation ior the prog ra. n1nH) r is to pro\·idl· t'a ch 
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:·:·,,c
1
:~1_'H1_·y :,;yntlw:-;i,:1_'r an 8-bit binary cotkd addre:ss which ch;ingcs in 

,t .~,•q,:,'nt:i,1t iashion, The synth..:.,sizet in turn ca.\1ses the rcc(•ivcr to 
:,,·:11: t!:L' RF ran~t' in 13-1 discrete steps (cha.nnels). The ratt- of s,·an 
::--- ll~(' 1..-h~1n21cl~ pt..-.r 3cconcl. 

l:o:1tr,)l inpats to thl' program1ncr a.re pro\ided by the rccogni
t.:,,i~ ,·i:·,·uitn·. Tfwrc <trc two inputs per \"HF' subsystem--prima.ry 
,), ;.,, ,1nd "'-'co11<Ltry lock. The significance ,u1d dur.:i.tion of these controls 

i~ ck:::crib-:.'ci in the section of signal recognizers. Primary lock inhibits 
t:1,: rn,1,:;kr ,·lock pulse's and prevents the progra1nmer from scanning 
~·h1.' ,._'sp,',·ti,·t' n~cei\·cr, Secondary lock forces the progran1.mer to 
;>\'rturrn the opt'ri.Hio1Ml procedures ::i.s descri0ed in the following 

A \·:1lid si~nal intercept (secondary lock) on receiver A will auto
n~t,!i,'.tlly ~nhibit recognition of the same signal by receiver B. Receh·t:,r 
B will stop on the ' 1una1lowecl 11 channel for 10 msec, then proceed to the 
nex~ channe1 regardless of any signal presence. 

When receiver A is in secondary lock and receiver Bis scanning, 
!'L··, eiq'r B \vill be auton1atically directed to one of two possible 
··,Lwperating channels" for one second. Should receiver B go into 
:,;econclary lock during this one second inten·ctl, it will rernain on this 
,·h,,nnel for the duration of the signal. If, however, no signal is present, 
!·t:< ei\ L'r B will proceed to the second cooperating channel. Again, if 
:·i_:,Ci\ er B goes into secondary lock during the one second interval, it 
will rcrnain on this channel for the duration of the signal. Should no 
\alid signals be present on either cooperating channel, receiver B will 
rvt,trn to the scan mode. The scan will begin with the channel irnmediately 
following the !a st cooperating channel exan1ined. 

\\ hen recei\·er A is in sc:condary lock and recei\'er B is also in 
::;cl·ondary loc.k, the cooperating channel idcntiiication will be put into a 
!t'mpora ry storage register. Should receiver B lose secondary lock and 
return to the scan mode, it will automatically be directed to the cooper-
,·, t cl:,, nne Is of the recei \·er A intercept, 

The coopc rating channel information is held in the storage regist0r 
.:ntil one of two things occur. If receiver A has n1ade secondary lock 
and recei\·er Bis a,·ailable and has been directed to monitor the cooper
;1ting channd, the inforn1.ation is destroyed (removed from the storage 
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!·c~i:,;tl'r) aikt· it has been transferred into the rcct'i\·cr B 1.·ontrol 
1-~,d,.;kr. If rec,,+,,er B is not available when ::;econdary lock has been 
n1;1dv ln· n'cei,·L·r A, receiu'ir A drops out of scc:ondary lock and 
!'l',-unH.':- scanning. The cooperating channel information will re1n2.in 
~t 1, t ('CT ,:ntil rcceh·er A makes \·alid recognition a gain. At this time 
t:h' :-(•gister will be erased and the cooperating channel information 
l l>rresponding to the new intercept will be .-;torcd. Once cooperating 
, h:1rnwl inforn1ation has been stored, the association slave receiver 
will be directed to n-:.onitor those channels as soon as it becomes 
~n·.i ilab le. 

Cooperating channel information will not be stored when a 
r1.', eiYer rnakes a valid intercept while monitoring a cooperating 
,hannel. That is, ii receiver 6 . is in secondary lock and receiver B 
i:, directed to one of its cooperating channels, receiver B will not 
:-;tore cooperating channel inforrnation if it goes into secondary lock. 

5. 5 DELTA MODULATOR. 

Delta modulation is a pulse modulation system which is a form 
oi pLtlse co<le 1nodulation. The delta modulator is an analog to a 
cii~ital coiwerter in which the transmitted pulses carry the differentiation 
ui lhc ar:1plitude of the input signal. At the receiver these pulses are 
integrated to obtain the original signal function. The conversion of the 
:sign;:il at the transmitter into a pulse pa ctern is achieve,! by using a 
quantiz eel feedback circuit in which the output pulse train is integrated 
and cornpared with the original inr,ut function, A decision is then made on 
the basis of the output of the com.parator as to whether a pulse or an 
absence of a pulse should be transmitted, An ''echelon curve'' is formed 
from the pulse train when integrated. Each pulse exercises a corrective 
influence on the output signal ancJ thus the echelon curve fluctuates, 
zi pproxima ting the orig ina 1 ana iog s igna 1. 

t>. 0 DATA STORAGE AND TRANSMISSION SUBSYSTEM. 

6. 1 DATA STORAGE. 

WESTON stores data on two, dual-track, 75 KHz,_ 13-minute tape 
recorders. Recorder readout is done at a 2:1 ratio, which clllows 6 1/2 
n1inutes for a full readout. Delayed commands from the orbit program
rnablc rnodule arc used to turn on the recorders for rcadin; readout is 
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,n·complished by real-tirne command. Diagram 2 shows the relation
ship between each recorder track and the four telemetry transrnitters. 
Diag rarn 3 »hows the utilization of the tape recorder spectrurn, 

D:\TA TRANSMISSION. 

The tele1netry links a re configured as shown in Diagram 2. Fad1 
transmitter is rated at two watts 1ninimurn output. The output of each 
transmitter is applied via a multicoupler to a conunon telemetry antenna. 
v .. :hicle status data are trans1nitted via tele1netry link number one, 
except when transm.itters one and two are reversed. Vehicle and pay
load telen1etry are on a 5 rps 1 60 point comtnutator which frequency 
modulates on IRJG channel 16 VCO. Earth and sun sensor data modulate 
HUG channel 18 and channel 17 VC0 1s respectively. Diagrarn 4 shows 
tile utilization of the transmitter spec;tru1n. 
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LINKS II, III, IV 

DIAGRAM 4. Transmitter Spectrum Usage During Tape Recorder Readout 
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