ISTRODECTION -

214 pietures of eriginal cities taken in the sarly 1000w Fraquently show ppeg-
filygic sighta., Ome of these sights 16 that of = sky full of & mazo of telephons
#ires. The absense of thews multipls telephone wires ir thie modern day apd age
i duw 0 m menns of pending mors than one comversation si ibe same time over s
gingle wire, This systes of conBined conversaiions is known me multiplex.

Twn wultiplox forme are frequency meltiples and time divislon miltiplex. fThe
Iatier ayaten cualled iime sharing or dsta iink, sllows more than one chanpel of
informaiion {Eaking turns!. Frequency maltiplex depends upon esBigning informs-
Hion channele to differsnt frequengies. If the information is conrayed by Freg-
ety Modulation, the nese given the schems is PM-Muitipiex and the varioua freg-
tencies ard called sub-oarrisre. If the sub-carriers amplitude soduiate s msin
sarrier ihe reallt 1e AM/PM Multiplex, or if they fregquenmcy. podulste the main
carrier FN/FU Multiplex results. A1l forms mentioned mre famlliac ureful forms
applied to Taiemetry,

In the sontrel eystem heing discupssd, both timp-divisisn and 44/PM Multiplex
are gpploved.  Control surfacs identily is esiablished hy giv Atia h 35
Thug maairal metar elewatar, alleron and redder are 1010 CPS, Mo opg, 2450 0ps,
and 3420 CPS respectively. Thess 1omes then ostablish the address #f the consrol
murfaces. The exact Frequency of the individusi tone sete the control eprlace
position. Fimalily na two tones are tranemiiied at the same tiss, Thesp teke
farm in the sequence indicatsd ahove.

The lones whioh aarey poaition informstion are generated by four "Bridged-Tes®
pacilintore. These oscillators ares iwo Atnge amplified »ith « Tee phase snifi
network interpesed in ihe feed bask network, The frequency stabliity of sash a
natwork is exoeptionnl, and proper design vield a varisbie frequency oaciliator
with both Flexibility and extreme stability. JTow temperature coefliclent ale~
HERER SEFUre exceptional temparature miability. The tonee thus gemerated
Cthede oscillators "run® ajl the tipe, ard ave gated 6 the modulator by di

gates and & triggered ring counter, The free running oscillators sinimize Eey-
ing "ohirn® apd frequency shift aiding in the reductivn of Treguanay *$itter=,
Tho dicde gates are cunonlied swed time one of the milicen controllsd awitohes
ia fired. The 85 CPS multi-vidrator "clock® tranafers the confuction simis tg
each of the awifches in tarn. The last switch meage tranefers the commt bonok 1o
e Clret gilicen controlled ewitch thus Forming the Tring® of four counts. Fuame
ativmally, this arrangement Is similar tc tha: of a @tepping relay.  The use of
a separate cleck o pales generator riclds ws two advanieges. Firet, i1 elimin-
atos the need for a *siart® button to initiate the ring count and second §t ine
Fures that ihe time pericd beiween each vount trsasfer will be exactly egank,
thus helping to eliminate minor shifts in control surface soitings dus Lo ol
in information duty crcle.  The tramsmitter employs colleotor medulation of both
the Wuffer amplifier and final amplifier stagea to attain over 333 maduintion,
43 to 5% margin im provided 1o insure freedom from *aplatier® over intc the ad-
iacent chanmel, The power amplifier Is supplied a 16 volt peak goliagtor vali-
‘eye on tonge peaky and thue provides s radiatad Tiald intonpity well above con-
temparary designa. Parformance olesely mailches that of the best ground basass
trangmitier of several yeara ago. & peak _gu of 1.% watin i3 typically da—
Liversd to a Y000 O Losd ad 27.085 MO, (The 4000 O lond repcosents the trans.
Mitier antunnas transformed redistion resistance). The sranemitter collsotor
cirouit efficiency te approximately 55 40 658,

Conponents Both active and passive haee besn chosen ta perform their duties in
the bast pessible way with longeviiy n prime considerasion.

i : transixtors with all applisd margine well
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oarbon element unite with sxirsmaly olosa toleracce, stainless stesl ehafis and
bearinge. #High precision stick sseenblies are employed to inwurs sxscting reset
acciracy and ewooth sonicel alfeot.

Fopr eticke are employed to ease the irnssition from reed syeiems and =liminate
the inter-action unavoidable fr single and dusl stick neaemblies. The centering
accurany [(back-lash) of the eniire apstes supt be memsursd at the dise faoo
follewing ihe mutor gear toain to ged the srror magniTicaiion TOCosERAry 1o saFeAs
totnl perforsance, In peactical licemtion i{ wiii e found that the Eoial sya-
tem hiak & resel opourrence of £,.010 inches at this omtput disa,

Included in the tramsmitter ie & bPatterr charges, reiative power output Tuning
indloator and batiery volt meter, for battery pondition check., The moter facs

ig calibeated in a go-no-go condition ibat is calibraved at the factory. The
charger uses o tranaformer which side eteps the dengersus shock Haznrds of some
of the troneformerlsas iypes snd provides s high Mt safe conirollied charge rate.

The battaries are Ni-cad cells furnishing an sarsguiated 18 v0l% to 8F modulator
portion of the tranamitier.  The ring countar gates, olock, and tone onsiliators
are supplied from a diede (zener} regulatsd 12 volt supply. This is & preceut—
ion Baving valus only Bf fhe very exirens ends of the rgn vorsee tlme olrve
of the Wi-ond batlery. The volfage stoebility of the uscillatar equales thoi of
the reed eystoms uding forold Jooked omcilliators,

The rocsiver lo a Tunctional conventional type superher wi th the foilowing font-
uree eesalting frowm ihe means of it's detalled exesution,

1. ¥ery law noise Flgure-provide high ssable pansitividy through the
uge of modern silicon frapsimtere,

2. Effective, stable and extremely fasmi automatic gain control.

3. Printed ojrecit Tay out and desiga ccordinated o produoe)

()  reduced sost thra low production re-work

B} receguize device tolermnoe changes with life and en-
viremmont axUrames 2¢ &8 to extend signifioanily iite
aeful 1ife ard reduce greatly the nusbar of in-warrenty
Telurns and TepaiTse. ] :

fo)l Provide the higheet possible performance sonaistent with
& sonll axtremely relishlie unit. :

Although the overall gain, dissvanting the BF amplifier is by ordinary atandards
abunitand [the companion reed regelver withoot the AF ampiifier opermtes 1000 rf.
ground range with trensmitier and receiver snmienna pointed at one ascibar), the
acticnl experience of unsuspected “dead mones™ found in coniuEpoTATY Profor-
ifonnl eguipmant indicated the newd for sn BF smplifier and exirewmely fast nmto-
matio ‘goatrol systiem. The additional to ihs receiver of thess two TREy im-
portant design factors eliminated tha "dead Zanes” canksd by signal phase can-
enflation of the HF sarrisr due to signal reflection from ihe earth reaching the
airborne receiver out of phase in Felsiion to the direct signsl from the feemes
mitter antenna. The BF ssplifier wisge i¢ a prounded Dase amplifier wXtEemely
Btabie and provides an sdditicnel 10 db of image rejection. Recelver aenmitipity
(3.7 micro vold impmt Tor clipped informetion pecovesed), places it in the olass
of the very Best of comminloation Feceivers. The continuous, pesltive, ocontral
Fesolution from the extrs care and inconvenfence of producing a receiver of thls
quality, more than rowards the effert reguired. Further the additionn] comt ia
irzignificant when comsidering the overail rewards gained. The advantage of the
extra denailivity Is proserved by moting the servos wc am to contain the BF noise.



The greatly raduced locml omolllator radiation sontribuies fo the reductiion of
raceiver sonsfiivity bo sxternal olestrionl moises (such me rubbing meial con-
tanie) - nlthongh good practice demsnds thet sxtremely oonsarvative nee of metal
and robbing metal joints e followed.

Yory short AGC time constant is uweed to reduce the blind period, fallowing o
rofas Turst to the smellest practisal limit. {Hm mizer and Eﬁ‘ pEpl ifier wxe
epecially arlected and epecified transintors baving a carrent gain (frequency
rorsis Detal one full decade abore their oparating Trequency. The local oscill=
ator is designed 1o accomodats wide Fanges in recelver crpetal activiiy to an
effectiive lnlernal impedance am high as 38 0HME, wo A to provide high usable
orretal iTe with emall, comparatively inexpensive unite, as Mﬂi in moRt supEr-
et R/ receivars.

the mizer employs base injectiion and traneisior Daving a controlled storage
charge, providing ommeusily high conversion gain, 1i's epliector load, a speo-
tally designed {ranafermer, bas an unueseily Low impedance ratio o uptmin
conversion gain &8 a funotion of gain change from -20%c to +80%30° Boit I.F.
transforners ars sapecially deaigned to anhance the new #ilioon transisbors meod
throughont the peceiver. AGC e applisd Yy the ueusl menoe of baee oureend po-
moval or reverse AGC bias derived from the detector. additional “swasmp olamp=-
frg® iz acnioved by a sanventicnal diode olamp al the miver apd first IF imver-
gtlage iranaformer. The detection is combined with AGU generation and differen—
tinl loading, Dietortion is minimized by selecting the I.F. envelope polariiy
dejivernd at lowesi sguivaleant source iapedance. The snexing aodic sisges are
aleo doubly stabilized preserving the excepticnal uniformity thoroughly achieved
in the receiver. Forther caution is sxarcised in provide galn brenks s¢ bhst
woret poegtbhie coaponent combinstione do ot feaull in regepersiion oF opoilia=
tion.  Tho Inat coliactor lond delivers a low source resistance {limited} adgnal
for processing by the decoder, Ths decoder de fed it's signal therough o iow
maes [ilter to #liminate high frequency barmonics.

DECODER

Eamaily the moAat remerkable portion of & Frequenay / Time maitipler syaten in
ihe decoder. & thereugh appreciation of ihw unueunl bensfiis derived from a
syatem of this type lise in this portion. Iv's simpliciyy is decepiive. In
fael, to acoept the decdder at 1te face valpe 18 an ppem- invitation o Igmore
and lozwe svetem Benefite Tound in no other multiplex method. &8 in other con-
temporary syAtoms ile "overiap discriminator® ie osed. While "slope” diserimin-
ation or detecticn and "phass™ discrimination are altersate posgibilities, both
lack n significant, valuabls, property which i not AR ¢asily achieved. Tndesd,
the only rival soheme to *Hu =jatroguide” Jdecoder iz that of fraguency ocounting
By epatialized seans At an sxponse in cosmponedd count and oost, which seTves
anly the ago and not the usar,

Idenlly & Freguency discriminsior should:
L. Set an output Isvel {(volisge) during the firat Cew cyoles aof tone Burat,

2. l_;n!dithu Jeval for a time equal 10 10 frame periods (30% retantion of
gy a

1. Be-set infareation in one frame poriod ss any changrs 0O0UEE.
4, Exhibit no ripple &t ite cutput which revesls the fTame rate.

5. Tolerate tfandistor varisticons as sanufactuced with: respect Lo témp-
eratire pxtremes and operationsl Jongeviiy.

E. Taks on no informalion not assigned to the sepvs asplifior,
7o Ignore eventis which socur alter ite addresa *pﬂriw.
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