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ASTRCT

A completely autonatic ship to ship recognition system
wtiliaing ultra-hich frequancies is descrided. A very short
signal (on the order of a millisecond lory) consisting of & crewp
of pulses, constitute the challen;in; and replying signals, A
%otal of 4100 differcent codings 1s provided with the reply coded
independently of the challenges. An optical reply systea is included
%0 corroborats or replace the radio reply at the will of the
ehallen:ing operator. The sutomatic operstion as well as the coding
is obtained almost corpletely throuch the use of electronic circuits
emplo:ing vacuum tube switches and counters. The resulis of tests
oconducted on the corplate system over a land distance of eight alles

are discussed,




aEer

1 &8
1.

v

\0

AUTHORIZATIN o ¢ ¢ 6 06 ¢ 06 v ¢ 000 00 0
STATCVENT OF PROBLEM o 0o 0 ¢ s 0 0 0 0 0 @

m'mm;unm:..............

Ae anctnllm...........

Be Reception of challenge and reply .+ « o
Ce Reception of REPLY o ¢ o ¢ 0 0 0 o o o
De Optical reply ¢ ¢ ¢ ¢ ¢ s ¢ 6 00 ¢ 0 o
Zo Operating instructions ¢ ¢ ¢ ¢ ¢ o ¢ ¢

DESCRIPTION OF FQUIPHTNT ¢ ¢ ¢ ¢ ¢ 6 0 0 o
Ae Generel « ¢ ¢ ¢ o

o o 00 0 000000
Be Transritiar ¢ s ¢ ¢ 06 0 v 0000 oo
Co ROCELYEr ¢ ¢ v v e 00 006000000
De KOyat-reocogniaer ¢« o e o s e 000 ¢ o

S e ¢ o @
® o o &
e o 0 e 0

1, Punctions of Keyer-recoCniiser « « o ¢« ¢ o o
Q.Q'elnotoponuon..... e o 0 0 0
Jommmnouorﬁnmluﬂbnm,
elecironic switches and counters . « « o o o
“cﬂmcm\d“ooooo.ooooooo

K. Mmtunmﬁ- R EEEEEEEEEEE XN

me"ooooo.ooaoo-ooo0o
2 Antenna switch ¢ ¢ ¢ ¢ 06 0 0 ¢ 06 00 o 6
’. Tranemiesion 1in88 ¢ ¢ ¢ ¢ ¢ ¢ 66 0 0 0 o

. e e 0 e e *

4e Pondirectional anterms ¢ ¢ ¢ ¢ 0o ¢ ¢ ¢ o ¢ o
S Directiona) antenn® ¢ ¢ ¢ ¢ 0 ¢ ¢ o 0 0 0 ¢ o

TUNDIO ALD ADJUSTMEI'TS ¢ ¢ s e 6 0 ¢ 6 o ¢ 0 606 0 0

m...l........'....l.....

‘.mm..........'.....‘..l
B. Two group, four counter, relay operated system
C. ?wo group, four counter electronic system . « »

De One group, two countsr electronic sysienm
2. One group, ane counter electronic system

B

55568 & 5 BENYR ¥ 3% 8% SERE B oevve & » ow




{contirmed)

SUDJRCT

vil.

vIII,

QFYERAL CO.CLUSIONS ¢ ¢ ¢ ¢ ¢ ¢ 0 0 0 o @
Ae MOlIADIILLY o ¢ 606 ¢ ¢ 0 00 s 00 o
Be Dtarforencs ¢« ¢ ¢ ¢ ¢ ¢ 00 0 00 ¢
Ce Dotoctabllity ¢ ¢ ¢ ¢ ¢ ¢ 00 ¢ ¢ 0 ¢
De AUtOmRtic oParation ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o
'.”.“lﬂd\mm.o-ocoooooq

‘mﬂ.‘.......‘O“.........

Ae MWthod of mesasuring peak power ocutput

® ¢ & o o
® & o ¢ o

[ ]
[ ]
»
L ]
[ ]

Be MWothod of tuning antammias ¢« ¢ ¢ ¢ ¢ ¢ ¢ 0o ¢ ¢ ¢ &



AR T GO

m 115‘ of T‘bln:s

General Spocifications « ¢« s o s 6 06 0 ¢ 0 0000 0 s o

h&ccﬂphmtooocooOooo.oo.ooooooo

Receiver Yolta.,e8 v ¢ v ¢ s 6 0o 6 0 06 06 0000000
Kever Recogniser Sta o8 = lerwnt and “upply Voltaces
Rose: Cliart © ¢ o ¢ ¢ ¢ ¢ s 6 ¢ ¢ 60 0 0 s 0 060 00

States of Nlinker Counter ¢ ¢ e ¢ v ¢ ¢ ¢ 6 ¢ 0 0 0 o

o w W N




- v 2 T Sedtr vt

1ist of Plates
SBECT

Schomatic Macran af fecosni®ion UNIt o o« o o ¢ o 0 o o
Plug Connoctions and Control 1ends o« « o ¢ ¢ ¢ o o o o o
Circult Diajran of Transnitior o « ¢ o o 0o 6 ¢ 0 0 ¢ o o
Pulse YWave For— on Plate of 307 ¢ © 06 0 0 06 0606 0 0 0 o
Circuit "Macrmim of Receiver « o« o o o o
Receiver I-F Selectivity Curves ¢ ¢ o«
Cain Calibtratior for Recoivers I and IT
Rlock Magram - Challen e Cycle « o o« o
Block Dlagran - Sul:\dby QCI. e o 0 0 @
Block Diagran « Jlinker Cycle ¢ ¢ o o o
Triods Mltiviterator and Counteor « ¢« o« ¢ ¢« ¢ ¢ ¢ o ¢ o o
Electronic Counter (3“1“:’1. Grid) o+ ¢ .
Volta e C3cillocrars f lultivihrator and
MSh;cOou.nt.r...........
Switch Positicns and States of Counters
Scheratic Magran - Clallen.ce Cycle «
Scheratic Nlacrar - Standby Cycle ¢ o »
Schermatic Ma ram - Nlinker Cycls « « o
Keyer-reconizer front panel - Challene C/cle s s e 00
Keyer-reco nizer front ;anel « “tandby Cycle ¢ ¢ ¢ ¢ o o=
Keyer-reconizer front ;‘anel e Plinker Jycle o « o ¢ o o
Keysr-recogniser front ;anel « Nack ViaW ¢« « ¢ ¢ o o o o
Circuit diagram of “@/or=-reconizor « o« ¢« ¢ o ¢ 6 ¢ s o o
Circuit diagran of keyer-reco nizor power 2up)Hly o o o o
Top view of imyer-recc,2.izer >ner Su 1Y o« o o o o .
m;)loxormfmtonnaswitcl-.....-...... .
Nonedirect. 2 1Al anterra « “kiried 441le ¢« o o ¢ o o ¢ o
Non=directi-wl antanna -« HyPCler4C o o 0 o o ¢ o ¢ o o
Mrecticral wnternna = "Jlement 1onths o o ¢ o 0 0 ¢ ¢ o o
mmuO.’ﬂlthﬂm-?M'l’yst‘ﬂ-ooo..o o o o o @
Hordgortal dircetivit DUtlorN ¢ o o ¢ ¢ ¢ 0 0 6 06 6 ¢ @
Yerer=recocnizer - Two roan four counter relay opceratod
S/t o 4 6 ¢ s 4 o 0 o 8 0 ¢ 0 8 0 2 0 s 0 0 s 0 0 s e
Yerorerecoonizer = ™wo rup {00 counter electronic
uys‘_,cn,,.....oooooooocoo.-oo.oo
Yeorer-reco nizer - One ‘~.u; twe cournter clectronic

BY/I%." ¢ ¢ ¢ 64 ¢ . &6 5 8 06 2 06 0606 00 0008 00 0.

oo..g.
SESEE
® o 0 00 e

BEEESREREREECR S ourun e g

BE3ZNRRRUN

L R



L4 -
e A
roant viwm e - LA URIt o 0 0 0 0 e 0 00 00 0 0 e
Teir viomw .S ca Lt o o 0o 6 06 6 6 0 s 0 e 0 0 e 0
Rear viw of carinet coomin Iin@r o o6 6060600 00
CoOIvl OX o o ¢ ¢ ¢ 06 s 00606 06006 0606006 00 00 0
Top viur LRIt ¢ 606060606 0086 0 0600 0 000

cottor v
Yp view of
retto= vicow

-

.
e WPt P o s v e e e s e s e 0 s 0 e

PRCCL4OL ¢ 0 0 ¢ 0 06 ¢ ¢ 0 6 ¢ 0 0 06 0 ¢ @

0f POCCIVEr o ¢ ¢ o o -

Yovor-roco niizes an! rewelvo:r = Mack elevation o+ « o o
quep-x‘ecnmilor - TOp rear ViOW o o ¢ 6 0 0 6 e 0 0 o
Xoyerercen niser = Front 7ierv o s 0 e 6 0 0 0 0 0 0 0 0

P.Y1OXA o ¢ ¢ ¢ ¢ ¢ 6 0606 ¢ 0 06006 006006 0¢ o0
Antenna BWit:n o ¢ ¢ ¢ e 0 0 0 0 0 0 00 0 0 s e
none=dirccetional antenna « Sxirted Mipole « 4 o o
Pon=directic al aitonng = jypoder-1c ¢ « ¢ ¢ o

Nirectinzal antend « Pull view o o ¢ ¢ ¢ ¢ ¢ 0 ¢ o o
Mrectional antoma = 21anentd o o o ¢ 6 0 0 6 ¢ 6 0 o
Oirectional antenna « otading Jolnt 4 o 4 e 0 0 e L @

101
102
103
104
105
100
107
103
10)

u3

1ns
06
7

ns




1. AUTMORY S SLN
Ae Jolerencos

(a) = "urca: af "ngines=t-~: ceeret ledter w47 (7-21-%)
Sevial V0. m -L A'J“'uﬂ 1. 1738.

(b) = "urceu of "™Mmincerin. secret lotiesr S.T7C (3-14-")
Serial Yo, 249 of Aucust 17, 1934,

(c) = Raval Rescarch laboratcry secret letter S-567/33
Zerial Mc. 111 of Jaruary 17, 1737

{d) « Jureau of Engineering secret letter 5-707 (1-2.<R)
Sertal No. 321 of March 2, 1939.

The estadlishment of the :cneral problem of pulise trans=izsion
and reception is Jiven in reference (a) as Bureau of "n incerins Problem
Xi=13,

The estahlistmont of the specific problom of pulse trans=isslon
and recention applied to ship to ship recoynition i{s ;iven in relcre:co
(b) as Turcau of “n isooring Prollem X7-25.

A prelld o renurt on the n' i tn chin ree~nition srzton {2
stven in refarance (c).

e authorization for a ‘no jul.e r up, tor counter relay
operated pecoonition aysten is ‘iven in refurence (1), T.is pefercice
alzo calls for a tw. ru,;, four e-inter s-sle~ Lo ! heli: in reserve
in case ¢l an arer :.cy.

“he gyste= heruin leccer!l © iz u one ou; clezlronic so:caten
usin - 9% Surricr £ 1onere e latior in A oub o Towth of Lt e srston
calle! feor in e ait.~rization ani ‘s ¢onuidered far suerior to the
relay Trstem, Tue Tevirlo mant of e ome s S e ot er and Lo
reasyns S Y tacas rale are Moermse!l i etall unler Cectiecn Vle



1. TL: OF PROY

The function of a recogni’ion aystem is sirply that of jroviding
& n ans whereby any ship, plane, submarina, ground station, or the like
ean reliably deoterrdne whether any other ship, plane, submarine, ,round
station or the like 1s that of & friend or an enemy, Purthermore, it
mist do so without betraying itself to the enery,

Reoognition can of course be simply reduced to that of visual
identification (by silhouetts, etc.) in which case any recognition system
{optical, radio, etc.) would merely act as a check oa the visual, However,
in the general case tre visual metl.od canvot he relied upon, as for
exarple in the case of fog or at night, and some otiiar, rore reliable
system becovms necessary,

The metind proposed herein is one utilising signals at radio fre-
quancies or, more specifically, at the ultra-high radic frequencies of
40C to 500 megacyclss per second,

Sinde this problen was originally for purposes of ship to e1ip
recogition, it will hersafter be assumed that the recognition problem
18 between o ships, It is not at all confined to this, althou;h in its
preaent shape its weight would not land itself to general aircraft uwoe,

The problam then is “hat a ship, having by some means or other
ascertained the presence of another ship within a fwenty-aile Tadfus of it,
dosires %0 determine the identity of the other (i.e., as to whether it 1s
friend or ensuy. The problem of specifically identifying the individual
ship 1f 1t 1s a friend, 1s an extsnsion of the method described here,
developamt of which is at presant contimiing). To do so it 18 necessary
for the former to send out a signal which shall hereafter be called the
challenge, It is then necessary for the other ship (to be called the
challenged or replying ship), if it is a friend, to intercept that challsnpe
and transmit back to the challencing ship a proper reply. If the challenCed
ship 1s an eneryy, the challenge will go unanswered cr be answered incorrootly.
This procedure is involved in any type of recognition system.

Before going into & description of the proposed system, consider
first the requirement of an ideal recogrition system so as to odbtain some
idea of the scope of ths problems

It may be said parenthetically that the Mavy would do well to have
& visual recognition system as a standby method for employment during
such times when, because of unpredictabls oonditicns, the prirary radio
systen has been -ade inoperstive by accident, shell fire, shock, etc.

AR 1deal recocnition system ahculd embrace the following oharacter-
istice:

(1) It =9t e extresely reliabdle.
(2) It =282 > a1 er iterference-proof as  nssi le.
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(3) The #iznals used ~ust be of such a character to ~ake
detection Yy the enety extrercly dif:icult,

(4) The operation should he co=g.lstely autometic,

(5) The size and we’, At shoull Lo as small as poasidlo,

To attain all of trese character! -*ins in a sin:le sster is of course
very difficult Af not impossille, .or example, anyt-i: * tha® §8 done
to rake a systen interference~pronf is likely to ald to ite compledty
art oo doocrease its reliadbility an'l increase its size, A oeriain amount
of eomiromize becomos necossary, In the vystom heroin lesciilml, the
vario.s itens 'ave been carefully weiched and a3 ' ear an approach as
m.s8ille to the 1. sal systen has bLeen rade,.

Lo el

“he recognitic method that i{s proposed is based rimarily on
ols L uric eircuits, .ho munber of mochanical operations (relays, switches,
oto,) having been rciuced to a minimim, It was falt tiat this would
considaraly inoreaze t'e reliadbility, Since s ocertain munber of electronic
civeuits e nesessary, there is alwxys the danger of interaction betweoen
the mecha: .cal and electranic operations. This is especially irue of the
systen undor consideration and will be taken up at a later pnint. The
mechanical o;erations are restricted to soms poriod before ani some period
after the complets electronic cycls, The reliahility then is Jependent on
the stabllity of the electronic oircuits, the 1ife of the electronic tuhes
and the reliahility of two mechanical relays. Actual reliabiliiy data as
found under test are _lven in Section 7II.

2. Interference

To make 8 s7ster interferonce-proof two thins are nacessary,
Pirot, 1t must bo Jameproof (1.e., 0% susceptible to onmplete blocking of
tiw unit, as for exampls with a ow sigml), and seconl, 1t ust he Lmpossihle
to "reak down” the a’stem snd effect {8 corrmct operntions The methor
undor considersticn relico ;. rincipally on pulse transrine‘on with {te 2ih
peai: powers, ani conseqient low receiver sensitivity, to realize s notetoow
oar!ly Jerrcd systen. Furthormora, the 'Mrh freuencics witch are usod
(betwesn 400 and 500 e acycles) limit the interferin,. anurce tn the line
of sicht. Juch an intorferi-.. source » 1ld not he very lirely to erist
because 1t would hawe corsilerable 'nattaney tn bateny {ta position fop

purposes [ intarfer. nce,

The seoond type of interference rofmiTe! to ahave ia vury difricult
to accomplish uwnder the jropoocel sratem, Tha ~wilvsie avallnllo ror -aking
a systen d4f:{cult to broak -own a:e (a) code U #i,7al no nn to mke as
fow repeats as ;us11 loj (L) use & L7;@ of sl nal which 1s J1fi1cult to
record; and (c) ure type of sinal which 1a difficult to repraduces All
three of these —wtl.'s are anod, Tha Final model descritin! {n t.ia rejort
has a tntal ¢l ap eudratel’ 4100 differont codesy the challen:ing 5i,nal

1s ocode! inde;mndentls £ ti.a replyy from 50 to 3000 microsecoruls aro required!
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%0 sont out ary one of the 4100 possitle sionals. An optical reply
systen 1s inclule! to supplement the radio reply when so desired,

s, wore an enery to try and break down tiic system and lave
hinself recomze! as a friend ho vould lave to know ant Jo as follows:

(a) Jeternite t.o carrior froquoncr and lave a rece!ver and
trar.s-ittar ororati~ un this froquency. (The tranamitter
would FLave to have 3ufiiciont poak power o oporste 8 relativoly
insensitive receiver);

(b) deterriie tho exact time (with:in a rillisocon! op go) of the
arrival . £ a chalion '1ng siwnl and be prepmrs! o send an
angver w.bt':in several millisec~xis)

¢) luum tho answeri:, code in usu at that particular ti-e)

gd) kow the type of o1 4l dein: used}

e) lave sore kwwied: s of the corre~t mo-hulation frequency W
use. (In the rres : ¢ equi;ment no atterpt is male to especially
pestrict the nolilation freqicacy althou h this resents an
st dticnal rwans of codirn,, tie system, levertheluss, for
pruper operation i odulation frequency must Le within
& 554 of its correct value);

(£) e prepared to seiut an optical reply under oertain coded
con:'dtions,

To acc.=plish all of tioce thin 3 it would be necessary for the
euery to lave a corp..te fiplicate set f the equi mont bLeir, used by the
challan or, Tho corjlexity of t.'s oq:l;=ment would forostall any rapid
acquizition [ it b tle onory even a'ter All of Uie facts sutlined adove

are forrcte. -ut,

A oo rec. riticn sizmal shoul! be w.letectatle by aryche except
ti.e ghip at videh 1t 13 ai~c, 80 as ot to ;ive away the challencing shipts
positicne ! 3ignal wiich canrot b detacte! by Lie eney is, cf oourse,
iapozcii1e to stialte llowever, tie ease with wi.ich St can bo detected depends

on

(a) loryth af timo sinal is ay
(b) sicmal inwsnaity)
(c) sional run o

Az wo3 peinted out &love, in the jroposn! system tle siinal ia cn from

50 %o 3000 microscea 's for the ciallun o an an equal tire for tho answor,
tha tine Setwoen t'w arrival of a chaliun o ol the transr-ission of an
angw r wt cxcec:in: acther 5) misrogecon's, The nat recult is that,
shoul. anyure by ¢ ronote chanco be stardi:; by on the correct frequency
(the | rehability of this frequeic - being locat: by sweopin: or any cther
similar ~cans is exceedingly o-alli sirce a six millisecrnd si mnal wiich ia
on but rxce or trice & dxy or rven several tines in an hour i3 not very

-‘-




easily located) the sigmal would sound very similar to & crash of
static, that is as & single clicy, there being sufficiently short
time between challenge and anawer to make it scund ss one elick,
Furthermore, the use of very short pulse widths would demand that the
reception be made on & broad-band receiver,

The signal intensity is of course very high within the signal
renge. Rowever, at the frequancies used, the signal range 19 limited
veary nearly to the line of sight. This lismits any interception of the
oi:nlbumu]q”nlubylhipcsboutmhmmw
air,

Al)l of these factors add together to give & recognition signal
which approsches very near to the ideal case of complets radio silence,

4.  jutomatic operation

W sutomatic operation is meant that after s challenging sigral
has been initiated, its reception and the transmigsion of the correct
reply are sutomatioally accamplished without the attendancs of an
operutor &t the replying point, This i3 exaotly what is done in the
present schems. 1o initiats a challsnge 1t is merely necessary to
direct an anterma and deprees & switch, 7The challenged wmnit will
sutomatically send back ths ocorrect answer, the reosption of which will
e indicated by the lighting of a lmmp at the challenging unit., It is,
of course, necessary far opesrators at both ends to set up the correct
soded at such times ss previcusly agreed upon,

5.  3is3 epd weizht

T™he eige and weight of this unit have been kept ¢0 a sainimum in
00 far as possidle. The use of an insensitive receiver to give greater
re)iatility demands & more powerful and hence larger transmitter. Anto-
matic operstion as well as ocomplex coding also add considersbly to the
oine. The complate unit mot counting the antenna has & wolume of
spproximataly ten cudic feet and wwighs about X0 pounds. Certain poesible
ehanges drought out in the construsiion of the present unit could be
applied, without changing the basic operation, to effect s decreass 1n

woight of perhape ten per cent,
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It was p)xntcd cut ‘)"ﬂ.- .Ul" tat Lo raco,nit'c:: :‘-_‘:iwﬂ
CC .8irts Hf a vory slert codo 3i -al sent out as a challene nnl a
si~dlar f'ere tly codded S TAl ne ¢t Mack A5 an aiswsr, Actuully
tils si nal cousists .f al-cst rectar .ular pulies havii) a width of
a~vut ;3 =icrosecon & (u sec,) witl. & pulse spacing of 50 u soc. These
Pulses are obtained by t:e use c: "scale of two® electrct ic¢ counters
erplo-i - vacuun tubrs, The use of six euch counter sta cs o.a'les t.e
accurate anmnting off of the cvel s of oscillatior of a 20 Ke oscilliator,
Ty neans of elcctranic switc.os the oscillator 18 sw.tohed on, and alter
t:e counter .as ccunte! off t.e :roper nutber of ¢ycl.s the oscillatr
13 o ten! offe The =ani;ul.tlon of uix switcies befoure a challen,.e
1s rade allown the selection :f any mumber of pulses up to and including
sixty-f:ire Theac six switchos merely sot the six counter sta o= 1p %0
react %o & civen coun’. The limdt ¢f sixty-fuur is 4 result of the fact
that the “scale of tw." counters ;o thmujh a corplete cycle of operation
for overr two 'mlses they roceive., ° it 3ix ataos in cascs!n, the
curr, lote crecle will involve 2° or G4 pulroa, The addition of nore ata es
11 ~by’ usly incresace th.e coling pos3iLilitics,

The oscilliter citjut {8 2 up of pulses) fu used to vor a
43X Me transritter which ceneic-e rorelr of an selllatr, oPid Fent on
ar.! off, Siwco only a maxtrun (L s xtr-loar julses of 2 ricrogeern's
each a e tc So transmitt l a* o b oence worgs scectl', the ndal tirme the
trana=iiter (8 on durii; a sccs ' i voree grall. Thus Sor the =aximun
coruiitic=s of one Lruricaton or cr2oni LLAS coProsperdds & a duty cycle
of ,00051 (*y Aty c:ele is -ean® tia fracticn of time tho transrmitter is
e oAn unft timed, The Srar -ttt a eak jxwmer 4t of alrost one
rilownes Vb due gt 1e b 2 2l 048 moace w verT low avernge power,
Sorsequentiic 4t fs . s Y 4 uor a vers small LAigh volta e power 3upply
cotdmally charding o o e o p for the 1date sup-l of the cacillator,
The v ferary . o8 1 o 42 lrarm from Lie goadorser which then
tas a rolitivel 1on: ti-e Wrd - itch to rec are. The sise of the cone
donser 18 -nade lar;e enmi:h 30 4iat th: totul volia ¢ lrop across it for the
raxtmm Tuz %0 Ne oe t s lors than 5%, Tair elimdnates the possihility
e oner gnploag fres anee = gt o of e aredltdos during & trarsrmissicn,
Tie revt alvanta ¢ of ;ulse transmission 19 lere aptly illustrated w the
e~g1] pwer reqi’-vwre: 2 on h~th the nscil'ator wbes and the power mu;Hly.

"y s‘ mnl ‘o mdisted o a Ya : ¢tyne L-~cctional antenna wiose
hoar wict: ¢ alf ener,e 18 45% T t8 racemed Lial bis Ya,l antenna
i to w» ==atnd on the bridoe ~r A sirdlir elevaty: ouition (Lf rmountod
on ¢the I'rit-'e 1t will rroha*tly Le necocs. r* W use tvo anternas each
dgvoepir. 1%0°,, Tho unit prener car "o Yage! helm o §p cr at any co-venient
3:.te  The operacor ::racts tho artenii at the a .1p in ‘uestion and by pressin;
4 ¢y in a remte contral Lox at tle ante o, Luitiates the challengo,
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Depression of the key also throws an antenna swilc!: » ich ¢l : 3 the

unit Irom a non-<directtional anterma for stand-by to a d*ractive nno-a

Jor the challenze. The one=tor is assured t1at the si -l &3 Y o =10

by a 18 °ht (lLeressier calle: the amber l:i ht) cing wut in the rexte
coantrel “oxe This 1:i ..t sorv~s the furticr purpcse of indicating the
oxictenca of any interreronc - wei. picked up hy WUw recelvar. 5i:ce

the rece.ver is rather inscuaitive, tho i.torier:mce will erly be occasinnal,
iy o Juci things as severo st.t.c cras..wa or severe local “iazturbances,

In thiis cato tho arber light serves the impurtant purposs e ovetin: g
fricn! f1v- ap,carirn, as an ene~y, Jdue to interfercace, lerece - —aring

a Zallence 1% 43 i=nportant ¢ist it be done only when tie &uc - 1 .0 i3 one

Ve Jmcoption of challen-e and reply

The si nal is picke!' u; by the challenged 2ic;- on a NoNe
directioral antenna. An analysis af tho si_ nal 1s -ule olecirarically
to det:mine if 1t {r ~f ti.c corrcct count, as previoiJly aaw:! upnn,
The circ.iits will reject argr 2i,;mal if 1t 8 not of tue exact count for
wiich t.o7 are set up. This -euns tlat no reply is sent to thc challenze.
However, {£ ti.e received si gl !3 correct, tiie transwitter ‘s tri - -ered
off and a roply sent out on a non-directional antonna witiin 50 =icrow
secoixla of tho tine tiw ori inal si.nal was received, Cnly one ani'nna
‘g uscu for tinls recu “ion and transmisoiun, the curmon use bei:
accorplished wit!, tic ald «f resonant concentric linqes ard & pas tube
(called a *duplexar®) nlacod ir the tra: srissicw li:oz hotwaen recelver,
trar e~ Ster and antena.

The transmission ol a re' ]y is {dertical to the transmiusion
of & ciallen e with two excent ' e Thasc are that a allenge ie
tr: ccered Lot amally and tra u- i .ted on 8 directional antonna whersas
the reply 1s wviro-atically trip, o It .l tra.sittod on s nonwiirectional

artende T iy of the chaullien, e 13 inleponient . the eviing of the

reply.

17 the correct si:nal ias hoen rocc’ val and 8 reply sent out, a
srven 11 4t will (o on 1: the renote control hox of the reply unite It
1s thus nossitle for the ~hallencad ship to detect a challene ¢ a constant
watel. 18 -aintadmel, It woull Le a very si-ple widition, if so destind, to
'ave - cnalien_e ing a Lell or tlo ille ar the challanjed s:ip to
indica’e t:w jresence of a Iri-nd,

siter the receptiu: [ a eignal, the raply unit {3 Wlocred for
n ardterary ‘wriod (at pres--.t cot At one sacond) aftar wiich ‘¢ cl: ars
.4.e1f dnto & utandhy psiticne The reayor, for this Jdels: «ill *mou @
e wrent unler bt fgcussionn I "recent!on of reply™.

.

Te Joco tior

Ll U sorrect colicn o AG 0ne uty Lee penetven

,’\5.‘]'1.”-1'. L Wit L

acta prr,ly tont Lo, Hw clalion ar =0l renve o renly . v e bLan
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300 microscco:u's later (assumin: a maxirun ran ¢ of 20 <dles) than

tra=a- .30t 0. of the challen ce Thiz rwans tiat 4. snitch which was

crt tnally el.sod to sepd the elaliongo ia still cloced, 15 a rusult

oL which the reply 3 aece vl ¢n the same anterma on which the

chailan e was trasarittol, namely, the !{rectinral che. It is Fne of

Lo reqiirr-ents uf the svster tat tiw challen in, switch be :cl! .o
for st lonit 0,1 seccn! but net more tian a8 cut one sceond (violation 3y
the latler 18 nct serius, it woil: merely result L twe or wre Lrangnigsiors).
e maxirum tix .f one soco:x. is ardiiracy an! can be set lor any desiroed
value, The rdnirun tine of 0.1 geco? is fixnd by the operatin: tine of
tho ansc:ia sxisc... In operatin: a challen e swvi‘ch mamually it is,

«f eourse, Jifriult to closc anl open -t in auch a way that the closed
time is 1033 ta the mindimum lere prescribwd,

thermys reply is analyzed c.cctrontcally in the chalien i,
unit ir 5 manner vorv similar . tiat of ¢ o {ncordn, chal enje in Lw
reply unit. If the sinal is analvied a. correct, a jreen 11 ht is it
in the ro-ote ccatrel box, T.is ;resn 11 it 18 keo;t 1it for a periuvd just
lon,; encugh to efinitely ide *ily 4t. At prosent ti's tire is approxdi-
mately one seccni, The roasn t:is time 18 kept 8 ort is becaure the
entire syste 1a Liscked to an incomdn; clallenme fren other s:ips during
this reriods i3 jointed cut a ove, the ~nply unit is llock for &
similar erio!. After this seric! s up both units revert % & standvy
pueition an the noiwliirectional antenas,.

Reco nition has now boen accoryplished in s-rmetling like one
quarter of a socond witl. the units bei:n inopera‘ive (as far as any other
recozniti~n sinals are conserncd) for 5 wriod ¢ £ one second,

D. gQptical reply

The prescrt carrier froq.enc’ and antenna size r-:ult in an
a.tenna Ji-cctivity w.ich 18 bron.! encuch to include several ah!ps witidn
1ts beam i ther arc closc enoush to-ether. If nne of the 3.4ps 1s &
frien’, 41t would he inpossilo lv means of the ra.lio repls to determine
whick was tue fricn!. If several or all of the ships are Irien's, sevoral
angvare would co-e back withk ;lase differencca botweon thame The
challen;ir; nit weulld ;rota™ly analyze t is as an crror, This would! result
in scve-al Irienis eing roconize.! as enerics. The ayster could be used
however on much hi her carrier froquencics, with hi her directivity,

To taxe cars ~f tliese co tingencies, an optical reply system
has be'n included tc corrobrrate, if lesire:, the radie reply, It cn:sists
morelr of a blinker placed an the rrast which can be 14t ty the challen ing
ship. The chal a..c s rade in the normal manner Jescribed alove, 17 ther
1s any .bub% alxut the reply, the challan e 13 repeated twn rore ti-cs
(for a total cf three tines), If a friendly sii} reseives tuaee correct
si nals and trans its threc replies, 1ts blinker licht will faz) one Tho
duration o t.is rlasi 1s cc. trellahle, 1t ,roser i heing set at alaut /4
secand, The three challen_es rust be co-pleted witidn a delinite tire (at




present set at 12 seconds) after wi.ich the bdlinker system ret=rns to
its ori inal position and threce or nore si nals are »«qu'red to 1L ht

it.

T™Hhis systen cbv. mzly loen ot have the s!orte.=Lli e if the
old two way uvptical recoonitio systems If an cney 12 try b lre
tie optical rop'v, he woul. have to respond!

1)
2)
J)

only afier three clwllenccs witl'i- tie  lixer crcle
tine,

witidn ono tent: of a secend after Lie cmee,tiun f the
lact challen e,

with a blinker flash of the pro:er huation,

Lo Qperatiag instructions

On the tasis ,f the above Mpocuasin w. ncsunisg at the
unit iz in operating ccnitison, the muthod of uvpuvrtior s as fcllewrs
(81l cperatione are corcucted on the anten-a anl re-ote contrel tox)

(1

(5)

Check tiat the unit is on by roti: w.ether the rod
pllot 1i;ht ic one I tho unit .as jutt leen turmcl
en ur 4L sore chanie in the codin: la~ heen male, it
is necessary tw rurually *clearr thc ccuntess ani
sritciies, This ir icio by snapring the challence switeh
UPe

"Mrect .o anterz.a tomard the ship dein challenced,
If the a~over li:ht is on press th.c switch all 4he way
down until tie ambor i1i:ht 0esc out. Then relcase the
switch,

“atch the srwen 1i.ht., It should core on within onow
tonth cf a socnnd after tho switch has bLeon depres o
a1 sx on Sor a,  rexi-ately me vucd !, after w ich
it _oes -.t wn! tue amher cc o8 lLack M. i the  reen
1408 doce et e o on Lwre 18 e recogniticn,

To .3t an opticzal reply, repeat e a«ve a total o f
trree ti-ecz vwiiiis trelve scconlis an.! wnich for the
Hlinker flashe
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A. Qenera]
The conplets recognition unit cansists of the followings

le The cabinet containing the transmitter, recetiver,
keyer-pecogniser ard a motor driven blower,

2. The remote control box and the conirel cahle to the
eabinet,

s The blinker licht and its cable,

4« The propegation systen including the Jdlrectional
anterna, non=directional antenns, mtenna switch
and duplexer.

A dlock diagras of the recognition unit is shown on plate 1,
A 118t of genersl specifications is iven in Tadle 1,

The recognition unit uses 62 standard type electronic tues
and 8 helim f11lled gas tude in the duplexsr, The standard type tubes
are listed in Tuble 2. The location in the uait of the wariocus tudes
is indicated on the folluwing plates; Plate 105 - Top View of Transmitlor,
Flate 107 = Top View of Receiver, Plats 22 - Keyer-recogniser front
view showing location of stages, and Plate 25 = Top Vicw of Keyere
recogniser power supply.

3. Gabinet

The steel cabinet contains three shelves, the uprer two of
which have tuilt-in alumimus shield cans. The top shelf houses the
tranmittery the miidle, the keyer-recopnizer and receiver, the receiver
Teing mounted at the rear of the keyer-recogniser chassis atove the
keysr=recogniser power supply. The botitom shelf houses the Llower aml
motor, & variac, a voltmeter and a switch in the a-c supply circuit,

The ventilating gystem emplays a blower driven by a 0.1 h.p.
motor, Alr enters at the bottoa of the cabinet, passes throuch . [lass
f4lter into the blower housing, and goes through the up;er shelvos
leaving throug: holes near the top of the cahinet. The shield cans are
perforated to allow free passsge of the ventilating strees,

The upper frort panel of the cabinet mounts a pilot 1icht
from the a-3 supply to the unit, a togile ewitch, pilot light and variac
(1:200C) 4n the s-¢ supply to the high volta;e transformer in the trans-
adtter. The middls panel hss a smell door opening dowrsrard to Cive rady
acoess to the coding switches. The lower panel rmounts s variac (QR200C),
voltaster (0-150 volts) and switch in the a-~c supply to the unit. (See Plate
101)




At the rear pansl are the keying line with plu, ccnaecti-ns
0 the keyer-roco;nizer and transmitter, the 9 wire ccntr:l canrle uith
plug conection tu ti. leyor-recooniacr (tee Plate 102), plu; connoct? ns
from tie trars: {ticr and recoiver t¢ tie duplaxer, the resoivoer rain
control knob wni .!al, and the receiver tuning knob ard dial, Tvo holes
near the cain control glve access tc hiono tip jJacks connestni o the
receiver Lutput. The trw smilter jlunser e:xtowwis bevsan! ¢.e -anel. Two
holes bclow tie plunger expose tiic osciliator filament frame aljusting

screws in tho truns—itter.

A hole in the left side of the catl:ot rivus access to the
recciver mocolectur, wiich may be tunod with a len,: shank screwmiriver,
At the to; o7 the cabinet are a plu; connaction fron the ‘uplexar to the
antevra swiicii, tre contol “ea!s to the antenna switel, a 2-pron: plug
comection to the blinker 1lil:'t, and a 9=-pron,; plu; crnnection %o the
control ca!le.

o a=c pover plus i3 loeated ¢ the left side of the caMinet
near tix luwer roar corner. The unit coerntes direcily fron the 115 volt
a=C line, At a power consurption ol O75 watts, and will onorate satisfacterily
cver an ~. volta e range of 1llU-1.0 voltu.

The trans-itter, receiver and ieyer-reco/nlizor are described
on the succoeln, ;ajes,

2, Jerwte Co:trol Nox and Cable

The remote control hox en:tains (1) Lie Yaving switeh wiieh
whon depres:ed, initiates tie caallen e wndt t-ips the antmmnan switeh to
the lirectional antenna, and whon raicel, clears *ha xeyrererecc nisor
to 1ts initial state (1t should Yo necoaswry @ clear -ni.- after the unit
has been turncl or or aAfter t.o ~o''r: mwilc.0a Ave b v chancndl), (2)
the pilot 1i..% (re!) wtich intizas. s wien 4 - 115 volt uec -wrnp gwitch
1s on, (3) the clalieni'e it~ht (arder) wilch ‘a -vrrall o= an' ‘063 wut
on the transmissicn or reception of a challen,e »r on rece,tion of
intorference, (4) the reco nition U, ht (;re~n) wiich 1s  omall out and
Coes on after the transriscion or recention of a enrrect reply indicating
recognition, and (5) *.e ‘spronc nlus whick con~ects with tio J-wire
eontrol cable from the top of the ca'inet, The imvitcator 11 hts a:e 6
watt, 115 volt la~;8. The wirin, f the contml hox anl cuntrvi leads are

shown on Plate 2,

3. plinrer 1i-l.t and ca le

The blinrer 11:ht ‘s aneridige! “~~n tha J1% volt a=c lie an!
ecrtrollial frorm the reyererece 1.ie- tirnuth a two wire ca' 'l The
blinker 11 ht uscs . ec 15 watt, U5 woll lams in aral ul.

4e Propsatio. Jyster

The propaation sys'e (antennas, antenna switch and duplexer)
18 dozcribed on succoedin,: pa.cne

ell .




B. tter

1. Seneral Infornation

The ultrahi;h frequancy transnitter operates at 423, %
me _acycles ani ras & pulse peak output of approxi~ately 0,9 kilowatt.

The hich volta,e powor supply charos a 2 aicrofarsd
condenser to (500 volts. When keyed for the ~axirum sinal of 64
pulaes, the candanscr dischar -es 160 volis, at & peak rate of 0,07
avpercs, the psak power imput to the oscillater boing 4.33 kilowstts,
5ince the oscillator efficiency is approxd-mtely 207, this ives an
output of 0,866 kilowatts, 7t requires 275 watts at 11C volt,, &0
cycles, v power the transitter. The keying pulse frequoicy is 20,8
kilocysl:s and the average pulse width 7.5 microsecondis,

A cireuit diagran of the transnitter is shown on Pli.te ).
2. gacillator

The cecillater uses four HX2, camratrons operating at a
plate valtage of 6500 volts, An RCA high volta,;o power transformer
#9961 rated at 7500 volts and 2 rilliamperes operating fron the 115
volt &6 line throuch & variae (5R2001) sup;lies plate voltaze to the
879 rectifiar for half wave rectification., Tho same trsnsformer
#upplies the G79 filacent, A 5 cezohm bleoder across the hizch voltape
systen gives detter ro.ulation and protection. A pilot 1icht and
tocgle switch on the front panel are in the a-c line to the H,V.
transformar. The oscillator filarents a-e supplied from two 110/6.3
volt 6 smpere traraformers, each secondary feeding two tube filarments
throuch s tuning frane. The frames are aljusted by shafts having a
total rotatior of 78 turns and ray Se rosched through holes in the rear
panal of the cabinet. The filanents are biase! to ~100 volts at the
secondary center taps and are bdi-passed to ground through a (006 mdoro-
farad 5000 volt cundenser. Through this asans, a lower grid bdias is
reached, since the maximm positive grid owing is -120 volts. The sise
of the ,006 mfd condenaer {s somewhat critical and is chosen far maxirum
sional output within the 1imits of correct transwitted lse count, Too
large a condenser will result in a reduced pulse oount beiny transmitted.

The output ccil 1s a sin;le turn, one and of which fe.ds tho
anterwa system, The other end 1s crounied in a tuning plunger the length
of which can be waried an ! which serves to match the oscillator to the
antenna systan. The plun;er tubé pascses thrcugh the s:ield can and extends
beyond the rear of the cabinet. fThe plunger is advanced or retructed by
Boans of a rod inserted at the far end,

The ocsclllator ;rids are diased from the plate of the 07,
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Jo Eexing etreuit

The keyin: circuit is an 307 bea~ power tetrods operating
below cround potential. The plate resistor of the keying tube {5000
ohn 15 watt) serves also as the ocscillator grid loak. Thus the
plate voltaze on the 3C7 is the bias voltage on tre cecillator. Tith
the 807 cathode at -(00 volts and the grid at zero bdias, the plate (and
hence nacillator gri ) is at -5 volts. This is sufficient to bias
off the ceciliator. The 807 screen is at +380 volts with respect to
the cathods,

A negative julse of 75 volts on the keying tudbe grid causes
its plate t0 rise to «120 volts, (since the oscillaltor cathode has a
bias of -100 volts, the net cscillator bias is very near sero) uwnblasing
the cecillator during ths period of the pulse. The pulse wave fum on
the %07 plate is shown o~ Plate 4 in which sero volts ocorresponds to the
xinimxin plate voltage =520 volts,

The 807 power supply 19 of the conventional type delivering
150 stiliarperes at 600 volts,




Co  Bsceiver
1. genera) Information

The ultre-high frequency receiver employs a superheterodyne
circuit and use the followin: oight tubesy an r-f ocosillator (955),
an r-f detector (954), three i-f arplifiers (6AC7), & second detector
(B4C7), an of amplifier (6307), and & full wave rectifier (524).

The receiver has a radio frequency range of from 410 to 450
Wegacycles; the standard operating frequency 1s 423.5 mecacycles.

e internatiate frequoncy 1s 46 megacycles and the averase
1-f band width 0.6 me. At tunmzmun the output of the 2nd detector is
J volts fur an input to the first Jetector of 100 microvolts. This
ocrrespords to & saximum overall 1.f. gain of 30,000, The receiver
Sensitivity 1s purposely ket low £0 recuce the possibility of interferenses,

2. Compment parts
S Qpeillator
mmmmuu%;mcﬂmonmmnupnu
ocupling through 25 arads in series with a variable resonant

b Ziret Deteotor

The sicmal from the antenna is fed into a™high Q¥, tuned quarter-
Wve omnoentric fank shorted at one end. This preselsctor functions to
increese the r.f. selsotivity of the receiver and to reduce the effect of
witre-high frequency interfersnce. It consiste of a lintrical tank 18,5
®ms, long and 4.8 oms. in dismeter with a oonocentric oentral oonductor
rigidly fixed to one end, It 1egth axy be varied from 15 om. to the
total tark length by means of & screw driven extension. The input to the
preselector 1s & 3/8% conoentric 1ine whose center conductor makes a small
looptomund-hichnmatomunlymmmmm gystem to the
preselsctor. The lst dotectar control grid is sixilarly ocupled,

The first detector is & 95, scorn pentode operated at a cathode
bas of 7 volts. The suppressor {s tied to cathode and both are by-passed
te ground through 2.5 micromicrofarads, This low eathode bi~pass as well
48 an un-dipessed scrsen serve o0 increase the receiver sensitivity. The
s1gnal 12 impreesed from the sreselector (as noted above) to the 954 ocortral
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erid which 1s also coupled to the (rid side of the oscillator tuning
frane throu;h a 7 micromicrofarad cerarmic condenser,

s Jntermediate [r.. uency Circuit

The intermediate frequacy circuit operates at a center
frequency of 46 Mc with an average band wi.ith of 0,6 Mc for .7 center
frequency voltage. The selectivity curve :3 Jiven on Plate 6,

The I-P circuit consists of three sta es of 6AC7's, the
gain of two of which can be varied by warying their cathode bias, the
gain control calibration is Jiven on Flate 7,

T™he 1.7. transformer consiste of a tightly coupled prirary
and secordnry wound on & polystyrene form. A brass core serves to tune
the tranaformer and may be advancod or retracted by necans of a screw
through the top of the shield, tach primary is paralleled by a daaping

resistor to increase the dand width, The present waluss of these resistors

are all approximately 5000

d. gSecond Detector

The second detestor 13 a 4AC7 pentode operating at s cathode
bias of 4.7 volts. The plale 18 coupled through 100 mucromicrofarads to
the grid of the a=f amplifier to block anything except eignals having
high frequency components. A lead from the plate is comnected to a phone
tp Jack located on top of the chassis to the right of the gain control.
This proviiss a convenient moans of reaching the 2nd detector ocutput for
1.P. gain msasuremsnts, The second detector outjut i# in the form of

necative pulses,
o, ] oncy A b

The A.F. arplifier is a GCJ7 pontode operating at sero bias,
The ne;ative pulses from the second detactor are anplified 4in the audio
sta-e to jive an output of positive pulses. The transmitter power and
receiver sensitivity are such as to ssturste the audio stage over the
shorter ranges of the system (up to sbout 10 niles over sea water). This
resclts in a receiver cutput of positive pulses whose arplitude varies
from abo:t 25 volts at the maximm distance to about 100 volts at the

xinimn distanoe,
The various receiver wvolta :es are listed in Table 3,

3. Sxterior Controls and Jacks

[ ™ [ r tro

The oscillator tuning fraome slaft 1s brought through the
oscililator shiel! and the si.ield can at the renr panel of the cadinet on
the rizht hand side, A fixe!l Aial, engraved in decrees provides a means
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of deterrmining the relative positio g of the Xciob, When the kwbd 1is
rotated nore than 360° the mumber af complote turns rust be counted.
fhe shaft marus a total of 43 turns, There is a backlash of about 60°
which should always be taken up in & civen direction. The approxirate
position of t'ds «:ob for the operating frequency (423.5 W) is 20 turns
counserclocikwise after turning clockwise to the end of its travel,

b preselector funing Control

The length of the preselector center conductor is varied
Wy ~sans of & screw located in the vscillator sideld. A long shank
screwiriver inserted st a hole in the left tand side of the cabinet
provides a means of turning the screw and tuning the preselector. This
scrow should first be turned clockwise until it atope and then brought to
approximtely 20 turns counterclockwise,

Ce in Contro

The shaft ¢l tho sain control resistor is brought through
the receiver classis a1 the shield can at the rear janel of the cabinst
on the left land side, A fixel dial, encraved in decrees provides a
msans of determinin;. the nosition of the gain control, Gain reatings are

taxen firectly from this dial. The total anjular displacement of
the shar't te JOO® correspordin: to full main, The cain ccntrol is for
experimental purpnscs only, Any subscmient unit will have a fixed or
seri-fixcd gain,

d, Jacks

Two phone tip jacks are located to the left of the fain
control and are reached througch holes in the rear panel af the cabinet.

Cf these, the left land Jack 1s roundad, The riht hand jack 1s connected

to ths receiver cutpute ,

A phone tip Jack connected to the cut ut of the 2nd detector
18 located on top of the chassis to the ri ht of the ain contrel and is
aoceseidble when the receiver is removed fron the cabinet,

A terminal strip with four jacks is located under the chassis
at the right hand side. These engage four plugs on the keyer-recogniser
chassis., %wo of thesc plugs serve ¢0 supply 115 volts a.c. to the power
tranaformer primary. Thay are locatsd directly under the tranaformer. OF
the other tvo, located under the choke, one is grounded, the other makss
oonnestion between the receiver ocutput and the keysr-recogniser input,




D. [syer-recogniser
1. punctions of Keyer-recogniser

The keyer-recogniser has two states of operstion; (1)
on challenge, it sends ocut the challenging signal and receives the
reply, amxd (2) on standby, it receives the challenging eignel and sends

out the reply.

The tara "kayer-recogniser® was chosen because it embodies
the mjor functions c¢f the cirouit it describes. A list of these functions

follows;

(a) On challenge, it supplies the keying signal to
the transmitter, and clears itaelf 0 receive the

reply.

(b) On challenge, it recognises the received reply and
olears finally.

(o) On standby, 1t recognises the received challence
and clears to transmit,

(d) On standby, 1t initiates transmissior, provides the
keying sicnal for the reply, and clears finally.

(e) It operstes the indicator lizhts in the control box.

/£) It controls the blinker light.

2. s of tion

a. Qycle of Operation on Challenge

The operstions on challience of the various circuits
in the keyeroreco;riser are listed bLelow in a time sequenne starting
with he control box as indicatsd in the dlock dia;ram of Flate 8.

(1) When the keying owitch in the control box 1s deprrased
the keying circuit starts the mltivitrator,

(2) T™he multividbrator slmltenec.sly pulses the
transm'tter and the counter. The first pulse trips the amber light cuntrol
and initiates the time delay period for final clearout,

(3) At the correct oount, the multivibrator is stopped
from the counter ocutput through the keying circuit which also initiates
intermediate clearout.

(4) Interrediate cloarout resets the counter.

(5) The received reply 18 fed to the counter from the
receiver axplifier., 1If an undercount 18 received the last counter sta-e
is not tripped to deliver a ne;ative pulse, the cycle is stopned untild
final clearnut and the ,;reon 1i;ht does not come on,
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(6) If the count is correct the counter output trips
the green licht control and the green ligcht comes on.

(7) If an overcount is received, the groen light
control is ‘rediately rvset and therw ig no visual !ndication on the
Jreer “izht.

(8) Pinal clearout (initiated in item 2) occurs after
1ts ti~w delay. The counter an! switches are reset to their orijinal
state., The green 1i:ht o~y out, the a~ber light comes on and the cycle
is co-pleted,

Y. Qycle of Operation an Standby

The operations on standby of the various circults in
the keyer-r~cos irer are 1iste! below in a time sequonce starting with
the recoptior of a challenge as indicated i{n tho block diagram of Flate
%

(1) The received challione is fed to the counter from
the recetiver arplifi-r. The first pulse trips the smber 1ijht control
and initiates the timc delay period for final clearnute

{(2) If an underccunt is received the last counter sta_e
{9 not trin.ed to delive- & ne;ative pulse and the cycle is sbo: ped until
£47al clear-:ut,

(3) At the correct count, the counter output initiates
inter~odinte clearcut aftar a stort times delay.

(4) If an overcount is received, intar-adiate clearout
is hlocked basu e it can operate and tie cycle is stopred until final
clearout.

(5) Inte:medi:te clear- 1t resets the countor and tripe
the rkering circuit.

(6) The kerin: eircuit starss the —:ltivibrator,

(7) The multivibrator simultune~.sly pulses the transmitter

ant ths counter,

{3) At the corroct count, the multividrator is s*nped
fron the counter output through the keying eircuit. The jreen 1icht
contrel is tripped from the counter -utput an! th: ;r en 1izht ccres cn,

(9) Ftnal clearout (inisia’e’ in iter 1} occurs after
i1ts ine ‘0iay. The counter and sri*c.ey u ¢ roset to their orisinal
state. The ,Trex lint vrs out, the aor 1§ ;Ft co es on an! the cycle
is co=pletei,

c. Jycle of . peritin of 2linver Jrstenm

The operati~: :f the warica clicaita in Sho Llinker
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st are s'own in tho block Hazran of “late 1) an! are Lis‘:<i so0lom in
3 time 3 quaice startin, witl. the recepiion cf the Jirst cialen es ™iree
Sudcesuive ciia .convs within 12 scconds are requirsd to « porate ti:e Llinver,

(1) The blinker counter i3 pulsed 4n the standty ccle
a’ter the roception and reconition of A correct receives! aiynal. The
ket ., dircuit, which autonaticall s 1aitin' 5 the reply, also serves to
inpres. o 31:.;le ulse or. the Llinkor cnuiter Jor wch correct received

count,

Q) n the first pulc-e, the Llink.s c.unter stu-tz the
slow tme dolay circ it which will oporute Wio bliuker clearo.t a:ter 12
seconds if it a3 not een operntt in the intervenis, time.

(3) on the third pulse, the blinker counter unblocks the
blinker 1i:ht control ang the olinker light coves on. At the same moment
the blinker counter siarts the fast tiwe delay circuit.

(L) After a brief iinme delay which correspon.is %0 the
tine of the blinker 11i:ht flasi, the fast tirme delay circuit operates the

blinker clearout,

(5) The clearout circuit resets thc counter which now
blocks the blinker 14 ht control and the licht oes out. 1If less than 12
seconis lave elarsad since the first received signal, tho slow tino delay
¢ircuit which has not operated 1s now blocked and the cycle is complrted,

(6) on challonpe the blinker cloarout is trippad fron the
keyin;: ei-ouit, This clears tne blinker systernt on each challence and
prevents its operation on the challeniin; unit.

3. General Discussior. cf the Jultivibrator, “lectrenic witches

and Countors.

3ince the princinal components of the keyer-rccogniser
are the multividrator, electronic switches, and counters, a general
Adaseription of their opem‘icn vill bo civen before lanshin: into the

corplete circuit.

The counters and switches used 4in this eysten fall under
tre eneral classification of “scale-of-n® counters, Ry a scale-of-n
ccunter 1s —eant an ag, regstion ~f tuben and circuits operating on voltages
such tlat the m.tire asserbly nas (n) and only (n) stable states, The
sirplest case is where n equals two, (The cuse of n ® 1 1s unimportant
bocaune t las only one stable stater which =aren {¢ uselrsr as either a
switch .r a counter). ¥ easecading scalsmnf-two 3%a;as a scalo-of«F counter
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can be rade wiere m is the runber of sta ss, By autonatically pre-
setti-: the state af each sta_e tiiis can be rade a scale-of-n counter.
Greater detail on this will be ..iven later. )

Ao 1¢ivibrutor

Decaise there {s a very close relacionship botween
the corronly used ultividrator and scale-cf«-two elecircnic ccunters
or sritches, consider first the sirple triode multivibrator al.own on
Piate 11, M, ure 1.

*“hen the volta es are ap;lied one of the tubes will
have a plate current slightly creater than that of the other due to
daifference in tu'-s and circuit constants, Assume plate current of
tubo D tc bo the _reater. The voltaje at the point (b) will thon begin
to «drop hufore th t at (a', This resultr in a necative pulsc being
transf-rad thragh the condensnr (C2) to the point (d) which increases
tio biac on Re 1 A ras startc! to conduct, 1t will now as a rosult of
t.e incroase! Lias cawse a rire in potent:al at (a)s This {8 equivalent
to a puottive ;ulse w.i:h will Le transferred through the condonser (C1)
tc (o), decreasing the bias on 7, causin: it %0 conuct more and produce
8 furtier drcp of rote.tial at (b), This jrocess contimues until the
potential at (o) rises t& 2ero (cr alidtl above) after wiich any increasc
in jotential at (e) causcs rid currert t¢ o druwn and the notmtial at
(4) reachec 2ie cut-c{f value for A,

After a tine dotervined by the time constant R,Co the
nezative crar e on (i) leaks off through Ry, etartin: A to comluct,
droppin,; the pctential at (a) and herice at (o). Tube B then bepins to
cut cff, increasin; the potential at (b) and at (1) causing a further
drcp 4in potential at (a). This kceps up until (e) reaches cut-off and
(1) reac..es zerm, at wnich point thie process a ain reverses 1tself, The
recenerative actliu:. during cut-off and cut-on results in a sorewhat square
wave=form on the [lates af tho tubes, IL Ry o Ry» n, ® R, and Cy = Cp,
this wave form {5 syrmetrical., If these constants are unequal an
unsyrmetrical wave form resulta, An oseillogram trace of tho wave form
on each rlate of an unsywmetrical multivibrator used in the recognition
syste- is shown on Plate 13, Fiourcs 1 and 2,

-8 ;_g;g Stae Triode Counter

The scale-of=two triode counter circuit 4:ff-rs from
the =ultividbr:tor in that once a transition has been ~ade (fro= 7 cone
ducting o \ conductis; or vica versa), & stable state exists, necessitati:y
an cutside stirmlus to re‘urn 1t to its ari inal state. 7T.iz 18 accerplin.ed
by teo chan i3 in tho multivibrator ¢i:cuil as sown on Plite 11, Fiwre &,
narely, the addition af the couplin. resistanc-s s and Ry, und returning
tho crid resistors to a ne;ative potantial “ne Tho two geis of rrnintances
R, R2, 7 an! 25 03, Ry are now bridged across “p and See The resis‘ance




and voltage values are 8o chosen that the steady state poturtisl at

(d) 1s beyond cut-off for 2 when 3 18 conducti-g wnd the sotentdial v,
(e) 18 sero when B 1s coiducting, fThe latter need :ot te emcily true,
for if the steady staco valus at (e) is greater than serc, the flow of
grid current will adjust it to sero. Normally this grid will run about
O¢l volt positive.

A® shown alove in the case af the multivibrator when
the voltages are applied, one tube rises to a conducting state. Instead
of reversing itsell at this point as the multivibrator does, the counter
remaing in this initial state due to the dias developed acroes the
resistance bridge. The  rid which has been driven negative is held at
& negative value, stabilizing the existing condition.

Suppose tube B 1s {nitially conducting and A non-
conducting. I & negative pulse of amplitude equal or greater than the
cut-off voltage is ap;lied to the input pnint it will have no effect on
A since 1t 1s already non-conducting. Ilowever, this pulse on the :rid
of 3 will stop it fro~ conducting, The potential at (b) will now rise,
sending a nositive pulse to (d) and A will start conducting, The potential
at (a) then fals, biasing off (e), further increasing the potential at
(b) and so on, until a stable condition is arrived at, with A oconcducting
and B nonwcoructinge A secord negative pulse will return B to co-.'ucting
ard A to non~conlucting.

It is, of course, necessary that the tripping pulse
have 8 pulse width less tan the time constant of the transfer eircuiy;
otherwise both tubes will be ho.d at cut-off until after the effect of the
initia)l cut-off has died away. The riet result will be that either tube ray
becore corductin; after the trippinc pulse has been removed depending on
the reapective circ it and tube cornstants.

If a positive ;ulse s applied to the input point, a
switch from one state to the othar will again result. This is a decided
disadvantage of the triode counter. The reason for this will be pointed
out below,

Ce § ta e tiple d unter

The rultinle grid tube has two advanta.es over the
triode for use in counter circuits: (1) It can be ~ade to respond to only
negative julses, (2) It can he r-eset more rapil!ly, rore conveniently, and
Y ~ore circuits,

A typical mltiple (rid counter circuit s s*own on Plate
12, I.ncre for t.e :w-ont t's resettin: circ.'ts and assume the catlioles
and suprrusrors to be grounded, It will respond to nejative mlses Just
as t.e triode did. The requirments on pulie wiith and anplitude of the
- oty ulse are sirila- to those in the case ~f the triode, The
a-plituie ~ust he equal or grrater (prefara’'ly ,.r ater) t.an the cut-off
volta e of the tuhe, Th: pulse wilth rmust be sanll with respect to the
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trunsfer circuit tinmc conslant,

®ures 3, 4, ard 5 of Plate 13 illustrute the operation
of a miltigridcountar sta e roceiving a geries of negative julses at a
rate >f 20 kilocycles (shown in P ure 2) fran a multivihrator. Mpure 3
shows the series of negative ulses on the rid of tubs Be FL.ure 4 is
an oscille ram of the volta e at (o) or grid #3 of N, As shown, B is
ori i:al'y conducting an! (e) 1s at 0, The first pulse blocks 1} and (e)
drons to cut-off. The socond pulse blocks Aj B acain corxlucts and (e)
returmis to O, Successive nulses -erely repeat the cycle.

Floure 5 is an oscillogrsm of the voltage at (b) or the
plate of tudbe 1, With D conducting, (b) is first at a low voltage. The
first pulse blocks B and causes a voltaje rise gt (b). On the second
Pulse B acain conlucts and the voltace at (b) drops. Again, the cycle
is repested for successive pulses,

The multisri? counter does rot r~espond to positive julses
on tiw in,ut ;ride To illustrate this, suppose tube B is now conducting
and ube A nonecorductinc. Lot & positive pulse be ap.lied to the point
narked "input®. Tube 3 will conduct #lightly more than it has been,
cuusing a furtlor drop in potantial at (b) and hence (d), making A more
non=conducting, The positive pulse will also appear on Zrid £ of A lut
since .;rid 3 (d) is at or beyond cut-off no change will take placo in the
plate current thro.ch A« A positive pulse on the i¢ride of the counter
will therefore have no effect.

Tith the circuit as shown on Plate 12, both tubes are
contirmously, drawin; screen current whervas only one plate is druwing
current at a civen timo. It is possible to interchange the function of
ori! 4] and rid 3 in which case the non=conductin: tube will draw neither
pla‘e nor screen current. This is advantageous from a pownr sitan”point
since the muner - { these sta, rs uysel rarxes the savingG apurecialas In
the present systen the circuit is as shown on Plate 12,

‘de 2wo Stace Counter

For evor: switch made fron B to A, a positive potential
swiny, 18 developed at (L' a'xl far every switch from A to B a e;ative
potential swing ta Jdewelopel at (b)e Thus out of two ne_ative pulacs
orizinally impressed o the . ;ri's of the sta ;e e negative ;ulse ray be
derived frun the plate at (b). If the sutput of D at the point (b) 1is
fed into amtlor sta e throuch a small coupli- ca;aclsance the second
stage will tri; cnly sor 4he sccord tranaition ¢ ata » 1 since the counter
does ‘vt mspun! to preitive -ulses -n its contrel (ride It follows that
stace 2 will ‘rip once for ev 1o twe tra:~it-cns of stae 1 and \f the cut-
put of stace 2 1s fed into still ~nctior sta e, stage J will toip once for
evory two transitiors <f sia. e 2 an! ever: four traraitions af stage i.




In the triode counter, for every two negrtive .uls:s
on the inMut a jositive and nejative potential swing is dttainod at the
plate which, if zouple! i:to a secoud stase, will trip that sta e tirice.
Thus no countdng asztiosn e obtiined, Thus can be renolied by placing
rectifiers between sta,us to eliminate the positive or the nejative
pulses. This requir:zs an ectra Stue pop stace and mullifiec the effect
of using a double triods as a ccuntor sta, 0. For this reuide: and the
advanta es in regetting, only multiple rid counter .nd switch sta o0s are

used in the recu nition sysier,

A countar of two atuces will ‘ave four distinct states
cf equilidriun as followss

Nage ] dtage 2

gonducting sioh=conducting Qo: ducting llonmconductirz
State 1 B A B A
State 2 A 2 B A
State ) ] ’ A D
ftate 4 A B A B

In other words, a sorics of scale-of-2 counters becores
a scale~of-T® and by propor resetting of the ‘nitvi ual stajes it roctuces
to & scale~ot=n counter. Thus the two eta;ie counter adove can be rade a
scale-of-four, scals—of-throo, scale-of-two, cr scale-of-one counter.

This is 1llustrat~l on Plate 14, Fl,urs 1 shows the
scale-of-frupr counter, ierc no resottin: is necesin.y, Mor every four
negative nulses on the input, ~ e oitput fulse i obtained. The scale-of-three
countor is s: »n in Fijure 2. The output ;ulse 13 ap:liod o the tubes
in such a way as to res ¢t the counters to stute 2 (sce tuble ubove). Mow
three pulses on the inmt rosult in one cutput pulse. Sirdlarly, in Figures
J and 4, a scale-of-two and a scalowof-one counter are ohtained by having
the output rose: to state J an) state & respectively,

The operation f a two sta_e, scale~of-four counter is
1llustrated by M urns 3 to 3 of “late 13, 7igures 3 0 § correapond to
the first staje and Figures 6 to 3 to the sccond stage. In the first stage,
corresporuiing to the 2nd and 4th input pulses (Fijure 3) therr are two
negative jotontial swir ;s (FL ure 5), These are fel to the gecond sta e
ani appear on ths injut ;ri! a3 suown in PLure 6, fiure 8 is an
oscillocran of the output plate wmitae of s*ace “2 and s.ws a si. le
necative puto:tirl swing corresporiiing . the Md pulse of M ure § and the
4th mulse of FMure 3,

The 1352 and! 3rd julscs of 7t mre I prl.ce ponttive notentinl
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swins in Ficure 5 and verr small ;ulses in Fiure (6, since as noted
above, this input rid Lrrodiately draws current on a peasitive pulse,
There i3, tien, no trunsition L. stu, e 2 for the 18t and Ird pulscs of
stage Jl.

®. Multi-Stace Countor

A thisee stoge counter will tave eifht states of
equilibrium and a six sta:e ccunter (4 states, Thes. states are
consecutive and, if the G4th state is usod as an indication, a six
sta.® counter may he use! to count any muroer of juldos fro uhe to
G4 by rosettin, it to the approyrinte state, For example, & count of
one 13 nbtlained Yy resstili:n, to the 63r! state, a count of 16 v re-
setting to the 4(ith state or a count of 00 by resettin;: to the 4th state.

In tho recoonition system the actual metho! of resetting
15 such that tiie counter can e ade to rese’. to any lesired state for
both the challen;e and the raply. esetti:n; is .onc at two ,oricds during
any cycle, one hetween trasnission of a cl.allense and reception of the
reply (or betreen roce;tion of the challenge and transrission of the
re;ly) and the other at the conpletion of the cycle. IN tiis war it is
possible to have a sinile counter serve as two counte s, each f which
can be pre-set o any desired state. The counter o tput will thon be
64 nimus the munber »f the state to w ich it 18 pre-set. This is iow the
coiing of Uw signal 1is accorplished,

The actual ncchanism of resettin: can best be understood
by a;ain reforring to Platn 12, Two methods of resetting are atl.own, both
of which are used in tho recognition syster, Theso arcs

(1) Cathode rosetti:;. The catiinle current is interrupted
bty & necla:.ical breax usingG either a switch or a rolg”s I tube " is
ocorducting and its callwode currcnt {8 interru:tel, tube A hocnes ennducting
and renairs so after the cathode of 3 1s again cloused, As ali-wn, the I
switch snahlea a single resettin: relay to make either \ or 3 noneconducting
depaixiing on whcther the switch i3 down or up. Resetiiig by Lhose mechanical
nethods must necessarily be slow, the process roquiri:; on the order of
0,01 se¢conds It .s possible to reset tl.e cath :lcs electronically by ;lacing
& tudbe in series with the counter cathodes and bias or unblas it, This,
however, has the disadvantaje of producing a certain arocunt of diasymetry
(1.0., the cathode of one tube in a sta e is operatin; at a hi her potential
than the othsr tube in the sta.;e due to the wvolta;e ‘lrcp in the resetti-~g
tubo) as well as requiring two aor morc powcr tutes to carry t: totul cadlode
current.

(2) arid resetting. Anvther methnd of reset:: . 'r to
apply a negative pulse of sufficient &  litule to cut off tho Josir~i tube,
This is also shown on Plate 12, A 5POT switch determines which of L.e twn
tubes is to be left co-ducting, The grid w' ich is used liere for resetting
18 grid *5 (suppressor) which 1s rather insensitive, requirl.: a' out 190




volts to trip the counter. It is, of ccurse, possiile to reset wilng
other grids but there is always tiie luger of inte-sction betwoen tis
othor circuits connected to the grit an! t..o resetting circuit,

The grid rosetting 1s used to sat up the counter beclreen
a challen_ e and reply or between recoptior of a reply and tans-is:ion
of a challense. Resettin; at this noint is accou'is.ed 4in aiwut 10 u sac,
The reason for the fast resettin:  ~re 1s to make the challen e ad reply
sinals indistinsuishable fro- one another,

Cathode resettin; is usad at the end of a cycle at which
point thore is guflicion! tine to wir ant ti.e use of tho sloxer ccthxle
resettin:e This could alsd bde accoplishe! Uy srid resettin: espectally
4f another grid wore available in the tube. Tc do it on one of the
available gorids wul! create enoush intoracticn ;robleme to ruike it rwre
corplicated than catiwde resetting,.

Resetting: ra also ho accorplishe:’ by interru;pting
current 1n the plate circuit Ly metiols si-dilar to those use! in the cativle,

The scale-of-0 counter usel in the recognition syster
can be workcd out on *hs sa~e basis as tio ccalo-of-four. Plate 15 o:ows
thoe v r1>.8 states of the scale-ol=(4 for all combirations of resetiing

switches.
£+ Qectronic tch

The elsctranic switch as it {s used throu hout tle
reco.niticn syster 1s in reality a scale-of-two counter. It is usually
used with eitier the control :ri .s ticd %o separate controlling circuits
(not to_ct er as in the counter) ~r with Just one control ;rid. The
latter is usod where an irreversible »perution or lasurance a;ainst rore

t.an a sin le cperation is Jdesired.

The swit:hing; or control of other circuits by the
electronic swiich 13 accompiis’ed by ons or more of the followin; thres
rethnddsy

(1) Tho pulse o.tput derived from the jlate is used %o
contrel or trigger of{ annther circi:t a3 for oxa=;le in resetting.

(2) The !-c potontial or thr counter plite i3 used as &
plate sup;ly or a bias supply for anothier tube. The counter plate
a;oronc.es tie plate sun 1° when 1t is cut .If and zero when 1% s confucting,

(3) "he . potential on the transit ;rid (rid J on Flate 12)

cha-r3 fron secro for .o -onluctir, state to a lasre ne;ative value for the
nonecor.ducting state. TS chan,e cn be used to Mas an' unhias & tule.
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Rafersnce to the osdillosrars an Plate 13 will show
aotual voltage changes for & typical switch,

4 Gorponent Cireuits

To simplify explanation, the keyer-recogniter is sube-
divided on a functional basis tnto the following major circuitsi

8. Power supply

bDe Keying circuit

Se Maltivibrator

de Counter

¢ PMinal clsarout circuit

fo Intermediate ¢lsarout circuit
g+ Recaiver arplifier

he Amber light control oircuit
4. Oreen licht control eircuit
Jo Blinker control circuit

The relationship of these circuits to the conplete
aycles of opera’ion is indicated in the followi g Vlock diagrars:

For the challenge cycle - Plate 8
For the standby cycle « Plate 9
Por the blinke~ cycle « Plate 10

The relationship af the various sta;es to the circuit
subdivisions and the co-ploio cyclas is shown in the following schermtio

diagrare,;

For the chalien e crcle - Plate 16
For the standhy cycls - Plate 17
For the blinker cycls < Plate 18

The sequencze of operation of the warious stages and their
location on the kayer-reconiser front panel is 8' own on the following

platess

Yor the challenge cycle « Plute 19
For the staxiby cycls - Plate 20
Por the blinker cycle = 'late 2

A complete circult diacranm of the keysr recocniser
(excluding the power supply) is on Plate 23, and a circuit diacrsm of the
power supply an Plate 2. The followin;: detailed explanation of the keyere
recopgniser circuit will be mare easily wunierstood Ly frequent referonce to
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the above-msntioned plates. The clement wnl sup; Ly voltaes of the
¢ rios sta.vs in thc key rerecosniior a:e given in Table 4e

Qe lmgr Su ‘L"

A cicuit dura f e power supnly 1s shom on Plate
2Ae

The power su;; 1’ oporates ‘drectly fiv~ the 115volt,
a=C 1li0 wil Jdolivors (o3 volis a.ce tc all ‘ube .sater elenents and tle
followin: rectilic! lec vclta "oy

(1) lie;ative bias volta e (Ic) 175 volts
(2) screen srid voliu e (Zag) +34 volts
(3) riate volta-e (“p) 145 volts
(L) mltivibrator plato voltace (Ery) 230 velts

The termiial stri), mmbenyl ag shown in the diagran, is

locas~i unler the Ciwis e The totas .over coagsuption ol the keyer-recognizer

azce- ;. is 275 watty.
be K@ ~» S4rcuit

\ eircuit dia ram of the kercrerocognizer is shown on
Pla‘e 23,

e funciion of Lhe keyin,: ci:cuit 1s to initiate and end
transalisaion Yy startin,; an' stop:in,: the multivi rator, The circuit
inclutec tie followviy stu el

(1) T3, 2 cas=f11l.7 triode (1.4), operates at a fixed
biuz of Go0 volts, The tubc Iushar:es a 0,05 nfd. co:denser, cne aide
el woich io  witaently cre.nie’, e 2ier e baln: normally grounded
by the ray i tac contenl Lo, len Lois - in apresiet the ungrounded
peint Wuills u;, ‘iscuaacces thowh the !4, fmpnrosing: a neative pulse
on the .ritd of "9 e These ;alses alro apjcar on tho ,rid of the blinker
fnverter (V2) an! irnitiate clearout so that the blinker will -t 1i:ht on
tra: >-4ssiva. T3 funct:.: 3, on challence, to Jelar the action of the
.ein elncuit stf icintly 5o .at the antenmna switch will lLave operated
to mre contact it tie Hrecticral antemnra,

(2) 52, an elecirrric switch using two 7J7 pontasrid
corverte. o, make3 a ni le transitin durin: excl. cycle of operation and
resets to 443 ori,1:al states T4 function 15 to trip the NV and insure
s single trand. isslon by reradning in stale 2 until final clearoute A
ne ative ;ulie from T3 tripe 52 amd &uluces a ne.:at’vo motential swing
en te nlate oI p causing a necative jmulse % e a.plied to the control
i oaf Vi thrruh the small courliny: eo.ddersers 52 is reset when final
cinarx it Yrenes e cal cdo ceoand of 521,.
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(3) 'z, an eleciranic switch usirg twe 77'a. The
=11tdvitrater svitch =y Le son, are. tc @ iuble=tirow switc:. in that
1t -2 Ve Wrip el 1n oftlior Uirestion, from stute 1 to otate 20y a
negative pulic on Vo, or, Srom state 2 t state 1 Ly u necative pulse
on *T3ke Ite functizas are (1) to unlock ths mulstivibrator and start
trass=ic3-cn vhen trioped by 523 (2) to block the rmltividrator and end
traa=iasion v tripred back by the countar outputy (3) on challm e to
1:1%0e ‘ntermaiiate clearout w en trin ed by the countar outpsty and (4)
to ~ulse the Slirter cireiit (31)when trijped by Sz The multivirator
13 btaswl from Jrid 3 of '"Mop; V3 (inte clearsut circu t) is pulsed from
the ;la'e if *Tia; aad 31 1s pulsed fron the plate of *V3p,

Ce Jultivibrstor

The multivisrosr (1V) 42 a 6327 twin triode. A serles
ne ut:ve puls-s onaraiet b & ¢ M7 apy-urs on the plate of 1My and
13 fo %o the wranTiitter tiuvoi i 500 mafd. and %o the ceunter through 25
nfle The circuilt clenents are clios n & ive a mulce frequoncy of 20
rileeclose an 1a'uctor of 30 microherries in the ;late circuit o &V

fner0i.e3 Wwe julic an;litude. Orcillo wans of 4o wave form on both
tli%es 2f tae 17 a0 shown on [lato 1Jy ;ijures 1 and 2.

The ~ultivibritor {3 controlled by tho application, on
the T!! . W, of bias volta o from o= 3 of 'V5ye Dy starting and
stc,rdn: the multivibrator at the a;:propriate instarts, any mrber of
mlz s may he enerated and fed to tho transmitier. A concentric line

rins £2on the ~ultivibraor output tc the rear of tile chassis and connects
with a line tc Uie tra .smitter.

de Countor

Cys <20 “30 Cir Coo ¢ = counter sta e3, cach using two
77 pen‘a rid converters,

T six sta,e ciunter used in the keyor-rcconizer performs
7z oreutions Juring each cycle, It determines tiw minber of [ulses
trans—teed s counto the roceive! puls s for recognition. To acconplish
t:.is, the ccunter =ust be rwiet twice urin, each cycle. First, the
{ater=e linte clearout ope-~nt.. by apriyin: a lar.c nejative pulse to the
su, rosoor orid of ane tuve in cach stae, and then the firal civarout
0 orut ¢ LY Ureakdn. tic enthoale r~in' uI one tube in ench atage. Ry
aans 0 a doublo-throw switch, he cloarout ~nchanisn ray bo connecte: to
t.e 2, ro riate ele-r.t o either e in 2 dver sl e and t!ms -ay reset
thiat 8ta e L0 state 1 or state < as dorimee Tyo rows of o ::lc wmritches,
loc..t ! aiove the ouante.s, perforr: t:dc func’’cn in the reyerereconizer.
T lwrr row corven o xoouect tle final cloaront with ane catho'e in each
3 e anh to roun’ the sther catlale, thaer.yc 'eteiinin  the firat count
in te orelee The Lt er row se ves to conncet tie intermexdiale clearoit L
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ono suppressor in each stage, thereby determining the second count.
The chart on Plate 13 shows the switch positions and 1nitirl counter

states for every oount from 1 to &

To swywarize, the counter performs the following cycles
of operstion.

1. On challenge, it receives pulses from the multivibrator
and etops the MV at the correct count by tripping the V3 from the plate of
Cep, The VS now initiates internediate clearout and the second count is
set up. The received reply pulsos are fed from the recoiver amplifier (A1)
and if their oount is correct, C6 trips S, and recognition is intcated.
Final clsarout operates to reset to the { rst count and the counter is now

ready to repeat the cycle,

2. On standdy, ths received challenge is fed fram A} and
4if 1ts oocunt 1is correct C¢ trips Sq and initiates intermediate clearvut,
e secornd ocunt ie now set up. 1%0 tranenitted pulses are then fed to the
eounter which stops the maltivibrator at the correct count, Fnal clearout
operates to reset to the first count ard the cycle iz completed, lNote
that on clallenge, the first count is transmitted and the sccond count
recsived, whereas on standby, the first count is receive! an! the second

ocunt tranmmitted,

oo Pina] Clearout Zirculf

T™he function of the final clearcut circuit is to reaset
the oounter and electronic switches (excluding the hlinker systen) to their
respective states for the Le;inning of a cycle. The state to which the
counter e raooet is determined by the lowcr row of coling switches, Mnal
clearout s (nitiated by ary one of the fcllowing: (1) the firat transmitted
pulse, (2) the first received pulse, (3) receive’ in‘e-fersnce of sfiicient
arplituds, It maintains the keyer-recopnizer in a stale for {mnedinte
operstion Yy prampt termination of the workin; crcle after a suficient time
delsy for oomplete operation and by rosetiing the keyer-recognizer when
tripped bty interference. Ths circuit includes ths following stajess

(1) 9 - an eleotronic switch using two 737's ~akes &
single transition when tripped fram the counter input by any of the Lwee
neans listed adove and 1g reset by ths final clearout breaking the cathode
ground of 8. The plate of S;, 8pplies voltace t0 T) when tripped bty a
palse on Sy control grid. (3] also operates in the anber 1ight control
circuit desoribed on page 32)

(2) 7y - A time delay stage using a cas~filled triode
(854) opersted st a fixsd bias of 7.6 volts. It dischar;es a 0,1 micro-
farad condenser which builds up when plate voltage is applied fron 83,

through a 10-megohm resistor. Its purpose is to delay final clearcut until
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the operating cycle has been corpleted. When T) dischar i es, it senis
& negative pulse to the control ;rid of ¢4,

(3) 8¢ = an electronic switch usin;: two 7Q7's rakes
8 singclo transition wgon trippal from T anx! is reset by the fimal
eloaro.t breaing the cathode _round of Ssy. Its function is to unblock
A2 when tripped and block after clsarout, GOrid 3 of Sg, performe this
biasin, operation,

(4) A2 » Anplifier using one-half of & 635C7 twin triode.
Shen unblocked by 35 this tube drsws current through the cathode-trsaking
mo

(%) A d—c relay. Veltage is applied %o the coil from
Tav Yhen the low side is grounded throu . A2. The ocontests are normally
closed grounding the 7Q7 cathodes, this ground being broken when the coil
is energised. A lead from the low side of the coil to the key in the
control box allows the coil to be grounded when the key is raised and
provides a means of rmmually initiating final clsarvute

emedia earout

The intermediate clearout circuit operates to reset the
ocounter to {ts secand count. On challenge, it operstes after transmission
without time delay, to reset the counter to receive the reply. On standby,
41t operates alter reception with a time delay sufficient to detect an
overco.nt in the receivad challenge, to reset the counter for transmission.
It delivers a large negative pulse to ons suppressor grid in each ocounter
stage (az determined by the upper row of coding switches) and to the
suppressors of Sy and S;a, The oircuit includes ths following stages;

Q1) 33 - an electronic switch using two 7q7's makos four
transitions during each cycles On challenge, 1% is tripped from the
oountar output on the last transmitted pulse and then is reset dy the
intarnmediate clearout. S9 is tripped a second time from the counter oute
pat on the last received pulse (of a correct count) and then is reset ty
final clsarout., I, however, an extra pulse or overcount is received, 33
1is fimedistely tripped back before final clearc:t. This {3 achioved by

feeding the con of S3y froa the counter input nd enadles S3 to
detect received ovellounts.

On standty, S3 4s tripped from the coumter output on the
last received puls and then is refst by the intermediste clearout, If,
bowever, an overcount is received 33 {s tripped back imnecdiately and clear-
out (and subsequent tranmmission) does not ocour, since, on standby,
intermediate clearcut is initiated by 3). 'hon correct count is received,

-‘4‘




transuission follows and 85 is again tripped by the counter output and
18 reset by final clsarcut,

To sumrarize, 33 is tripped fror its orizinal state ly
s pulse fron ths counter autput” (plate of Cg,) impressed on the control
grid of Sq,. Then in state 2 it is trippe! back or reset by any one of
three neahs; (1) intermodiate clearout operatin; on the suppre:sar of
S3p, (2) final clearcut breakin; the cathode of S3p or (3) an overcount
pulse Jvrorm the input fed to the control (rid of 33y,

Note that all trans~itted ard roceived rulses are
{rorvssed on the contrel rid of S5 but they lavo ro effect until S3
has been tripped to stato 2 by the counter output, Ry this tice,
transrission and correct recepticr have been completord,

$3 initiates intoraiiate clearout by ap-ir‘-g voltase
fror Sqa Plate to the ;late of Tae It also operatns in the creon 1icht
control circuit, descrited on ‘e 32,

(2) 72 - a time delay stace using a gas-filled tricde
(304) operated at a fixod bias of 7 volts. (n standdy, it tischarges
& 250 nicromicrofarad condenser which builds up when plate volta;e i»
applied from 83, throush a 3.3 me chn resistor, On discharmie, T3 feads
s neCative pulse to thu crid of V1. After clsarout 73 is blocked by Sg

applying bias voltags to the srid.

T2 serves to intruduce sufficiont tine delay in the

inter-ediste clearout for $j to detect an overcrunt, if received. It
does not operats an chall~nie »her inter—ediiat. clearn.t is initiated Wy

VVS in which case no tims delsy is :mployed,

(3) ¥} = inverter using one=hall of a 05C7 twin tricde
delivers a positive ;ulse to A), 0(a standdy 1t receives a negative pulse
fron 733 on challenge 1t 13 pulsed from 'VSg.

(4) A3 - arplificr using s 6577 pentode is operated at 9
volts cathode Miss. A positive pulse from V] applied to the control grid
of Aj pro‘tuces a lar;e negative mulse on the plate w.ich {5 the pulse
sprlicd to the supprescors in tl ztacos rovet Yy the interwoMate clearcut,
After clearcit, A3 18 blocked by 54 applyin: Mas voltaje to the control
grid,

(Y) S¢ = an clec*ronic switch urir: two T8 18 trimed bty

{nter—edi-te clearo.t operating on ths sur re~sor of 54 and 1a reset bty
final clearout bresking the cathode Jmund of S;, It serves to block T2
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and A3 after they have opersted in tle intormucliate clearout and thus
{nsures only one clearo:t pulse, This s accorpiishcd by ay; lying blas
volta @ fror crid 3 of 544 to the rila of T2 and A3, each throuch s
1-me,.0hn resistor. !ts socond rurpcre is to initiate transmission on
standby Ly tripping 5S¢ A lead frum tho plate of Sip feeds a negative
pulse to the control crid af 524 when 5, has been tripped by inter~odiate
elear:ute This, of cuurse, occirs only upon & correct received count,

Since both ~y and V) fecd the control grid »f A3, there
13 an a=c juth between the ;late «f V] and grid 3 of Sze. To attemuats
the poritive pulse from ¥y, a 500,000-chm resistor is placed in series
ard a 250 mfi, condenser to . round in the lead to S,

A simdlar situation arises in that both T3 and S, foed
Sz Tc prevent interaction Leticen Ty and Sy the line from T3 has two
S0 '], condensers in serices and their junction returned to Sround through
25,203 chms,

The reset chart, Ta‘le 5, shows which tubs in a given
¢80 18 “locks) (nade non-corducting) Uy the operation of ¢.e clearout
systems, The bLlinker clearout operatin: on By, By, and BS;, is discussod
below on pace 33,

& Becetver jrplifier

Ay = on amplitier using one<half of a 657 twin triode
opernted with a catho.de bias of 5.5 volts. Its purpose 1s to a plify and
invert pulses fed throuah a lead from the receiver .utput. Positive
pulses are fo! to the contrel grid from the receiver and ,;ive rise to
reitive pulses on the plate which are fed into the co.nter and to 3, and
33. ‘This point is reflerred to as the counter inut or merely the input,

he jrber 1ight control cireuit

(1) S (see Final Clearcut Circuit, page 29 ). 1It is
tripred on any trans~itted or received pulse or on interference of
sufficient anplitude, A lead from grid 3 of S1a SOrves to unblock a
2050 tube when 31 1s tripped.

{2) A 250 gas-filled tatrode with cathode and screon
crounded. The plate circuit 1s in serics with a transforrmer anl the
arber 11.ht. The tude is normally unbiacoed allowing current to flow
through the circuit. *hen % is tripped, the 7050 1s hlocked from ;;rid
3 of &, ani tho arber 11cht ;oes cut. <n final clearout S) retumns, the
2050 18 unhiased and the anber 1li ht poes or.

1. Green Licht Control Zircuit

(1) 33 (see Intermodiate Clearcut circult, nace 30)., A
lead fror grid 3 of 33, serves to unblock a 2050 cas tube in the Sreen
light circuit when 33 13 trippei. As notad before, S3 makes four transitions
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(1s tripped twice and reset twics) in each cycle af operstions. Cn the
first trangition, S. is reset too rapidly to pive a risual indication on
the green licht, tripped the second tinme 's‘a is reret by final clearout
after a considerable time delay (about one second) and the green licht is
visidle during this interval,

(2) A 2050 gas-filled tetrode with cathods and screen
grounded. The plate circuit is in series with a transformer and the greem
licht. The tube is normally blockod, unblocking when 3, 1s tripied,
resulting in the green light foing an. At final clearcdt 3, 12 reset,
the 2050 is blocked and the Creen 1lizht oes ocut,

3. Blinker Control Circui$

™he blinker ocontrol circuit operstes on gtandby and
flashee @ dlinker light when thres correct challenje counts have heen
received in close succession (overall tine of less than 12 seconds).
To do this, 1t must be initiated by a switch that trips, following
recopnition of a correct received challenge, The rultividrator switch
performs this function. However, since the “WWS is tripped on its cwn
challen:e, provision is nade for clesrin; the blinker circult on every
transmitted challenge. This prevents the blinker from lightin; when ite
wnit {8 challenging, The circuit includes the following stage:s

(1) and B = counter sta;es using two 7Q7's each form
s two stase, -cu.-o:lumo- Sounter which is tripped by the I¥S on each
ocorrect received challence and 1s reset after reaching .ts fourth state.
The blinker counter performs the followin; functionss (1) On the first
traneition 1t sends & negative tripping julse to ."f',l; {(2) on the third
tra~sition 1t unblocks a pair of 2050's in the blinXer 1ight circuity (3)
On the third transition it arplies sufficient pla‘e voliae to discharge
BT. (after a Ziven time delay). Therofore, it requires three correct

enzes from the other unit to cause tl.ree tra sitions of the “linker
counter and finally flash the blinker 1i;ht.

fable 6 gives the succesaive states af t..e biinker counter
and the correspondin,: volta.;es applied to the staes controllsd frm the
counter. 1s tripped fron the rlate cf elthor Ny, OF sz The voltaje
applied to the 2050 grids 1s fed fron grid 3 of B, and irid J of Ny and
43 tha =san of the voltages at tie transfer i ri :alﬂf Die and na). In a
similsr mannor the voltage at t.o ;ls*e of 0T, 18 the ~ean ol the volta.co at
the plates of Blb and Bz. The counter {8 resct to stats 1 by a lar;c ne;ative

plue fron A‘ lspressed u;'xm the suypressors of nh and BZb.

(2) 7Sy = an olectrontc switch using two 7.7's ak-a &
sin:le transition when trij~e! Ly eithor r’.1 or 1'32 a1 18 reset by tie
blirker clearout >pcriting on the supiresscr ~f 5y, = It has two functions
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(1) 1t applies voltage from the plate of B3y, 0 BTy (slow clearout gas

tude) and (2) 1t controls Dy by blocking it wiile BTy s chargl:g and

;nzocung it after clearout, This biasing volta:s is applied from grid
Bsh.

(3) PN = slow clsarcut time delay using a gas-filled
trioda (334) operated at & fixsd Lias of 3 volts. Plate volia:e is
applied from B3y through 3.6 mogohms, and charges & ) microfarsd condenser
which after about 12 seconsis discharpges through the 834 and feeds a
negative pulse to the crid of ¥y, initiating clearout. The purpose of
this sta ¢ 1is to provide sufficient time delay in the blinker clearout
Zor the reception of three separate challenges.

(4) 7Ty « Past clearout time delsy using a gas-filled
triode (3:4) operatoed at fixed catliole blas of 6 volts, Plate voltage
13 supplied througch 3.6 megohms from the hlinker counter (By and B2)
when in state 4 as described above, Then the 0,03 microfarad condenser
1s Mscharced by tho 234, a ne;ative julse is fe! to the grid of V2 and
clearout Troceeds.

T™his stage is eneryised at the sene ~oment that the
blinker 1izhts and on dscharge it tnitistes clearout which blocks the
blinker 1i ht circuits It 1s evidient ti.at the time delay of 2Ty corresponds
20 the time of the blinker 1ight flash,

(5) = A disclar;e tube using ane-half of a 63C7 twin
triode. Its purpose to help discharys the ) nicrofarad condenser when
mueionotmlu;rocododbymzmdwfmu inhibited. Then
BT) 1s charzing, M) s blocked from grid 3 of BS),, The plate resistance,
5,6 megoims, is c-itical since it rmst limit the current drawn by ™ when
AT2 is charcing and yet allow sufficient discharge of the condenser when
2Ta 18 superseded oy 974,

(6) ¥a « An inverter using cne-half of a 65C7 twin triode
receives a negative mulse from any one of the following: (1) on challenge
from T4 in order to prevent blinker operstion, (2) on standdby from 1T3,
after three correct counts have lL-en receivod ani the blinker lichted, and
(3) on stardby fron when the hlinker cycle has been initinted but not
corpleted within the ll-gecond tine delay of BTy, 1Its purpnse is to supply
s positive pulse to the porid of Ay,

(7) A, = Amplifier using one=hal? of & 67C7 twin triode,
operated at & fixed b of 15 volts. "hen a positive pulse fron V3 is
impressed on its grid, Ay delivers the resottin: negative rulse to the
supprossors of By, B, &nd BSy),,

(8) Two 2050's - pas-filled tetrodes w»ith cathode and screen
crounded and one plate conrected to each eni of tho sccnnary of a trunsformer




operated fron the 115-volt a-c line, A lead from thn secoilary conter-
tap delivers power to the blinker 1i ht when the 20508 are unhlocked,
As ; roviously noted, the 2050 control grids are biased fron tie tranafer

m-!' Bh a.d B%.
k, Jerninal Panel

The termninal .mnel is locatad st tle frunt »f tie terer-
receonizer in the lower risht corner. For comtoctisni to t.is anol see

Plate 2.
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Le ation s

The propagation systen inclu.es the antennas and equipmant
locatad botnoun the antermas and the receiver and transmitter, namely,
the duplexer, the antcnna swit h, aid transnission lines. The aystem
has been desi nod ard is tuned for a wavelength of 70 centinmeters
(corresponding to & frequency »f 423.5 e acycles).

1. [uplexsr

The duplexer is an arrangement which pemits the use
of a siile antonna for truns-ission and reception. It is an electronic
antemna sviteh which switcics the antenna from transnitter to receiver
(or vice versa) in approxima‘tely ten microseconds,

A scheratic dia.rTa of the duplexsr used in this equip-
pent 13 shwn -n late 2, An actual photo. raph is shown on Plate 112,

To anaiyruc tle duplexer, consider first the case of
a trangrission. The si.nal fecds fro= the transmitter o point (a).
If now tie condition ‘s fulrilled that tie impedance rresented by (a-d)
1s lar;o with respect to that presentud Yy the iae (a-e) thea the greater
pertion of tle signal will fecd into the antenna, That this condition
1s satisfie: w1l be slicom. The lensth of (a-b) i5 approxirately an
elect= cal quarter wavelnn;the Thorafore 1f the 1ine 1is stortsd at (b)
thon the i~polance of (a<b) at (a) will be very high. The shortin; of (b)
43 accarplishe as followsy The point (b) is tapred in on the quarter
wave tar (c-f) at a point corrcsponding to an impedance Z3 which is of
the order »f bhunireds of ohms, Point (¢) has an inmpodance 2o norrally
several thousand olms, The first portion of the signal from the transmitter
appears at (c) with 1ts volta;e transformed in the ratio of 2_2_ over that

1

at (b)e This voltace is sufficimt to break down the gas tube at (c) with
a consequent lowering of the imnedarice at (c) by about a factor of roughly
15« The impelance at (b) is lowersd by the same factor resulting in an

el ective short at (b). Thus the transmitted signal is fed into the anterma
with only a small percenta:e of it Coing into the receiver circuit dus to
the i-pedance at (b) not being sero, The receiver input sta ¢ then is
subjectod to the da-s ing transmitter cutput for only about 10/ seconds
{the breakdown time of the gas tube). After that time only a small portion
of the transmitter cutput aprears at the receiver., Tiis serves as a very
effective protection for the rece'ver inout tube.

In the case of recoptic., :he i mal foeds from the

antenna to point (a). The length (a-d) iz ralc an odd rumber of -uarter
wavelen :t:s with the point (d) shorted by the ante na coupling ccil. This
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makes the impedance of (a-d) locking into (a) very high. ot of the
received si;nal then feed to (b). 7There will be some further loss at
(b) since the impecance of the tank at (b) 1is a'vut seven to ten tires
that of the line, This =eans about a ten percent loss. During reception
the wvoltage at (c) s, of course, rot nearly enocuch to break Jown the :as

tube.

The gas tube usc? here s filled with helium at a
pressure of about ane atmosphere,

The overall efficiency of the duplexsrs is about 75%
for the conplete cycls.

2. ntenna witch

The anterna switch is located in the transmission line
gysten between the duplexer and the antannas., A photograph of it is shown
on Plate 113 and a schematic on Flate 26, On standby the switch comects
the duplexer to the non-directional antenna for Loth tranemission and
reception, This is its normal position. On challenge it connects the
duplexer to the directicnal anterna for hoth transmission and recention,
Three conocertric lines enter the switchj one fronm each antenna and one from
the duplexsr. A shorting bar, moved by an a=c s0lenoid working a;ainst
8 spring 18 alwxs in contact with tha line from the duplexsr. Leais frcm
the sclenoid coil o through the control cable to contacts on the key in the
control box. +“hen the keay i{s depressed for challenge, the solenoid s
enercised and the sharting bar comnecta the directional antenna line to the
duplexsr. Then the key is released, the contacts are broken and the shorting
bar moves back to 1ts normal position (connecting the non=diroctional
anterna 1line o the duplexer).

As previously notod (page 77) on challen,e, T3 in the
keysrerecogniser delays tho action of the keying circuit sufficiently to
insure contact with the directional antsma bdefore transmission takes place.

The total time for s complete challenge cycle is rnly a
very small fraction of the time the switch 1s ghrown to the directional
antenna line. Since both operations are initiated siruitaneously, the cycle
19 completed before the switch returns to its normal position,

3. Zransmiseion Lines

All transmission 1inus in the system are either 3/8% or
7/3% s011d copper concentric tranamission lines using steatite insulating
beais an! having a characteristic impedance of 72 ohms, At present the
7/3% 1ine 18 used only on the Yagi antenrae. If long lines are to be used
on st.iphoard it would be advisa':ls to use 7/8" line to retuce the los=es
and decresse the chancns of volta s hreakdown.
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4 Jon=directional Anterny

The non-directional antenna is a vertically opersted
skirted dipole. It 1s shown on Plates 27 and 114, The concentric
line is %erminated in the two dipole elements, The quarter-wave skirt
serves to match the unbalanced line to the balanced antenns gystem,
That 18, it allows the outer conductor of the line to swing at the
terxination point and yet leave the 1ine grounded beyond the quarter-weve
skirt, lplmdpl:nﬁrunclunupwddw.nﬂunuu
the tranemission 1ine to make 1t watertight. This antarnns has & reeistance
veiy nearly equal to that of the line (72 otms).
to the 1ine Yy means of the method discussed in
umtehing, the dipols lengths should de 16,5 cme oF 0.235 )«
directional antenna is used on standy for both reception and transaission.

The standard vertical dipole (hypodarmic) type of none
tory and

Es
:

L

directional antenna is also satiasfac
with the skirted dipole desoribed adove. This type, showm on Platee 28

and 115, 1s perhape easier to mount and would probably heve a more uniform
eircular pattern. Nowever, when tuning the hypodermsic bty the method of
Appendix B, mch nore oritical and wnstabls valuss were enocuntered. Taking
dom an antemna and remcunting it, would apparently change tha antemna
sonstante. The skirted dipcle on the contrary save very reliadle mnd
sonsistent results. Neverthelses, whem used interchangesbly on the
recognition systmm, the lypodemic operates satisfactorily with a somewhat
higher receiver gain necessary,

5. Jirestions] jptenc

The directicmal ntenna is & modification of the Yugi
anterma for bdeam power transmisoion at ultre-high frequencies. It is a
vertical arrsy of parallel half-wave elements, one driven and ten parsitioe,
arranged as shown on Plates 29 and 117. The driven element is usually
cslled the "antenma® and is denoted bty the letter (A). The entire arryy
15 referred to as the "Yagi®. 351z parasitic elemsnts sre equclly speced
along the trace of a parabola of which the foous is the driven element (A)
and the fooal distance is s quarter wavelength. These are the eix
reflectors, each denoted by the letter (R). The two end reflectors are
st the points where the latus-rectum intsrsects the parabola and consequently
s half wavelength each from (A). The four remaining parssitic elemants
are equally speced along a line from the driven element (A) in the Jirection
of propagation. These are the directors, each denoted by the lstter (D).
The first dirsctor 19 /8 or 26,25 cms. from (A) and each succeeding
drector 1s 3/8  farther., The variocus elements are rigidly supported st
their correct spacings.

The antenna 12 tuned by wvaryin: the element lengths,
the reflactors and directors being varied as a croup. The dimsnsiorw are
given for each half element or the nominal quarter wave ~easured from &




™ma n 6.9 0.24 15%.1 0.226 U3 0,207
Talt #,2 159 0.2 153 0.9 Uk 0,06

he driven elenent or antomna (A) is fed from a /8
oopper conoentric line throuih s quartsremve matching sections A diagram
of the directional antonna fe~! aysten is stiown in Fijure X0, This
quastorwave section has & characteristic inmpelance of 42 ohrs wxl serves
40 natch the 73-clm ooncentric ling to the 25-chm Yayie The oentral
eonductar of the matching section 1s connected ¢t the lower antenna half
elenont and the cuter ar gvo 1 conlictor to the u;per half elemmnts %he
antens (9 nounted on a cylinder, throuih wiich the cavoentric line enters
at the muport ends he section of t'ds cylinder from (A) to the support
forms & QUATter wave inverted skirt, opnn at (/) and ehorted to groundg /4
from (A) at the supports This serves tho smne purpose as the skirt on the
pon=di rectional antenna discusse! above, The }/8-inch line is coupled to
a 7/8-inch line which ;o throuch s water-tizht (not gas=tight) joint
(“ee Plate 113) to allow rotation of the Yagi, A photograph of the complete
antenna 1s shown an Plate 1164 The Yall is used on challenge %0 send a
reinforoa! Mrective bean at the ship 0 de challen;od and also serves as
a collector for the repiys A Mrectivo psttern of the Yagl is shown on

Mate 1,
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Y. G AT ADJY .

Tuning and adjustment directions must necessarily be ;iven for &
recognition gystem conaisting of two complete units, as the tuning of &
single unit has 1ittle reaning or value. The two units are located at
o fixed stations at least eizght miles apart to eliminate saturrtion
of the receivers at moderate Ccain settings. The unitsy are referred to
as Unit 1 and Unit 2 and their corresponding parts similarly deeignated
such as transmitter 1, receiver 1, directional anterma 1, ets.

Three constiderations involved in correot tuming are listed in the
order of their relative impartance,

le Correct tranmmitted and received sigml ocunt.

2, Minima frequency shift between tranmission with
directional and non-directional antennas.

Je Waximm oignal transmission,

The necessary apmaratus, in addition to the two recognition units,
includes a cathode-ray oscilloscope at each staticn and a means of
auxiliary communication between the two stations

The discussion on tuning is troken up into three parts; ®adjustnents®,
"mpthod® and "procedurs®. Under "adjustrents® the location of the various
tuning controls are listed. The "method® peragraph deals with the method
of tming the individual units, The actual procc 8 of tuming up the entire
system {8 discussed under *procedure®,

DBing Adjustrents
lranerd tter;
le The antenma loop tuning plunger located at the rear of the
catinet 1s advanced and retracted by neans of a rod supplied
the rear

with the unit and located inside the cabinet at
right hand side,

2. e oscillator filament tuning frames are reached through
holes located delow the plunger in the rear panel of the
eabinet. The tuning frame shafts are rotated by msans of &
screw driver,

Becelver;

1, The oscillator tuning frame shaft extends beyond the rear
panel on the right hand side and is rotated by means of a
Xnobe A fixed scals, calibratsd in degcrees gives its
relative position, Yhen the total rotatica is more than 360°
the munber af corplete turms rmust be counted,




— > o
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The preselector tuning shaft is reached through a holie
in the latt hand side of the cadinet and rotated ty
mans of a long shank screw driver.

gAln control shaft extends beyond the rear nanol on
the left hand eide and is rctated by neans of a knode A
fixed scale calibrasted in degrees gives the ain setting,
Maximm gain corresponds to & setting of 300 degrees.

Duplexar:

1. The length of the resonant tank and 1its central conductor
my be varied by means of extensions on both, Since bt
(Plate 26) 1a fixed, the walues are given for the length

b-g.

Juning Methody

Assume units 1 and 2 installed, operating and set up for
identical counts. (The count 32+32 has deen found cunverdent for test
wark.) Connect the ocscilloscope leads t0 the receiver output jacks
located at the rear panel below the zain control. Adjust the oscilloscopes
to reed the signel deflections, Transmitter 1 is tuned by noting 1ts
plunger and filsment tuning positions and the signal etrencth and pulse
count at redeiver 2, Tranamitter 2 is tuned By noting its plunger ard
f1larent tuning positions ard the signal strength anl pulse count at receiver

1.

?

e following method is used for tuning the receiver to ths
incoming si;ral. Pirst, the transmitter hizh voltace of the receiving unit
mst be turned off, This is obvicusly necessary, since the received sirnal
initiates transnission and the s2onal strencth of the reply in Lts o
receiver 1s -nre than suficimt to saturstn, et the oscillator to 20
turs counterclockwise from its extrerme clockwise position ard the pre-
selector to 26 tarns counterclockwise from 1ts ertreme clockirise nosition,
Ralse the gain setiing ard adjust the cscillator tuning until a sizeable
deflection (cver 10 rm,) is noted on the scope, Then succensivelr refuce
the rain eaxd tune the cecillstor until a maximam deflection of 10 mdlli.
meters 1o reachad., It will bs noted that as ihe gain decreases the
oscillator tuming moves oounterclockwise, Now, with the rain setting
fixei, tune the preselector for maxirum sinal and then rotune the cscillator,
“hen the oscilloscope deflection is 20 mm. or above, the yain should! be
reduced and the oscillator returned since deflections siove 20 rm, are in

the region of receiver saturation,

This procedure ‘s followd for each change in transnitter tuning
and 13 referred to rerely as tuning the receiver. The ocscillator tuning
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position and the main setting are read from thetr respective dials,
Correct count ts hoted, as in operation, by the creen li'ht coming on,

aing Procodure;

Raving discussed the metiiod of tunin, the indvidual uni ts,
the overall system can be tuned up by the following procedure, with
sach step taken in the order liated;

1. %t the cscillator filan-nts at (1) and (2) to
25 turns, counterclockwise,

2. 3et the duplexsr tank length at (1) to 15.8 centd.
noters,

3. Tranemit froem (1) on the non-directional a-tenna and;

8+ Tune the receiver at (2) adjustir; Muplexer at
(2 for ~axtmum sinal, This must be carefully
done since the duplexer tuning is quite eritical.

be Adfust plunger at (1) for maximua si nal at (2),
within the Umits of correct count,

Ss Tune the transmitter filaments at (1) for naxirua

sicnal within limits of corroct ocount, The filament
tuning 19 not at all critical; it will not sertously

affect the output ovor a Sroad funing rarce,

4 Transmit fron (1) Slternately on the direction and none

directional amtennas and tune the Plunizor at (1) for

ainimm frequency s-ift as noted by the receiver ascillator

tuning at (2),
3« Trananit from (2) on the non=directioral antenna and;

8 Tune the receiver at (1) adjusting duplexer at (1)
for maximm sial,

be AdJust pluncer av (2) for maxirua ol nal at (1)
within the lirdts »f correct count,

G Tune the transmitter filarents at (2) for maxirunm
sional within the linits of correct count,

6. Transit fram (2) alternately on the Mirectional and
non-directioral anten-as i« tune the plunzer at (2)
for ninimm frequency sh:ift as -oted Uy the receiver
oscillator tuning at (1),

In the above procedure, 1t i3, of sourte, necessary to retune
the receiver i{n the receiving: unit rhenever arp chav,e 43 ~ade in the
tranemitting wnit,
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¥I.  HISTORY

A Origin

A pulse type recognition system having multiple oroupe of pulses and
using electronic counters was first su(, ested by Cormmuander Safford,
On the basis of this sugzest! n Dr. Clecton first <et up & breadboard
wodel of an experimental triode counter system to dermcnstrats the
feasidility of this method. lHe then cxpanded this circuit, usi.g pentasrid
instead of triode counters, into a completely automatic, two way recocnition
system, The sutoratic operation was obtained throuch the us=e of numerous
mechanica® relays. A preliminary report on this systerm was ~sade Lefors
any construction work was begun on it. It is filed as letter report
5-567/33, Serial 111, of Jamary 17, 1939. Aftcr under;oing considerable
changes this relay operatel systen rmsulted in the circuit describ~' below
urdor the hoa iin: *two Jroup, four ccunter, relay cperatd system”,

In the followin; para;raphs several gysters are discuased which
precede ' the final model, No atte-rt is -ade here to explain those
circuits in Jetail. They are includ ¢ to show the backiro nd uposn. which
the prosent 3:'sten was built and, by compariaon, the im ruve=ents which
were made, as woll as for purposes of recor!. Only the reyer-reco;ni--r
circuits are .!iscussed since the rest - the system remained ousentially

the same,
B. ] four counter, re rnto]l system

The ori -dnal idea was to lave oach si nal consist of two roupe
of pulses, with the challenje coded Mfierertls than the rply. The
si~plest way this coul! be achioved was to use a total of four counters,
two for the challenge ang tvo for the reply. Five stu e couaters were
use<’, allowin,;: a count ip to 32 for each groupe This ,jave 1010 possible
codes on the challenge and an equal nuniter on the reply, or a total
pessible munmber of 1,020,100 different colings.

The circuit dia ran for the relay operul d systom is stown on
Plate 32. This circuit required 61 vacuum tubes, 5 gas tuhes, 3 relays,
most of which lad ¢n rmake and break more than two circ.its, and a stepping

relay for the o-tical replye A power supply large enouch to .eliver 500
ma, at 30 volis was naceasary.

T™is syste~ vas nade to work after & fashion 'ut tl.o rrlays were
constantly ivin: sore kim! ol trouble. Tho Liost probler waz to keep
the -n?.ir.f; and breaidng of e relavs fror- pro tueing interlor~tce which
woul! tri; the counters. It —ust Le reemhvr ! tiat a recelves was
aounte?! on the 3a-e chass*s as t.e r~lar:, neeersitating: evee '~ iy ool
f4lterinc ac vas the relay puints. [urt!<mure, sineo counterss and
c..ec are threchold levices, the appoarine~ - nven a sir e ;u'se at the

<8
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keyerwrecoyniser input was sufficient to upset the entire system.

If a spurious pulse of this type lad appsar.. regularly Juring each
eyzle, it could have boen compensated for, However, aince s.me of

the relays were breaking sixty cycle currents, the appearance of
interferin, pulsas woulz depend on what time duri-i the :C cycls the
relay was broxen., "C operation of certain relays and lamps would rave
elimi~atd t.ila, The added conmplication af larie enoush rectijiers to
oy'ain the X was not considored pracitical. Another undesirable feature
of the relay system was that tiie tolay between a reception snd a reply
wus 30 lan; that tho two cculd be distinguished with tie aid of a pair
cf earphones.

In view of all these shortcomings, the rolay system was converted
20 an electronic one in wiich all tut one single circuit rolay was
eliximatod,

T™he orisiral systen was also to have the adied feature of
opersting on two carrier Irequencies, onu of which was ¢to be in the
rezion {00-450 ¥c and the ot.er bYetween 150-200 lt. 7Two recoivers and
twc tranmitters were to Yo used, At the transnitter end ti:ie hishor
frequency was to Jive directivity and the lower to be varialle and have
very hich power capsbilities, The ocutput of tho two receivers was to
be fod throuch coincilence tubes so as to necsssilate the sirmlitaneous
reception of the signal on both frequencies., The reason for this was
that the variatle frequoncy and the hizher power werec more essily
obtainable at the lower froquency and the Nijher directivity rore readily
sttained (1.a., it takes loss space) at the hicher froquency. Ry
oombining the two into a coincidencs system, additional security was
obtained because of the two frequencies, one of which can be changed from
time to tine., On a pure probability basis, tho ano miliion codes obtainable
in the two [ roup systens could by this =wthod be increased to -any
millions, It therefore would be =ore diflicult %o interfere with such
8 systen because the interfasring sional would have to be on two froquencies.
Similarly there should bo less interfcreonce fron certain types of statice
From a zractical standpoint, however, such a system presented sufficient
disadvantaces to nake 1t felt that a one-frequency system would, all
things considerud, Lo superior to a two-fraquency systam. The roasons
for this wers as lollowas

1. The two frequency systen would require two coaplete
transmitters and two complete rezeivors. This would! aud
at least 0% to the size, the wei;ht, and the power
oconsurption. The additlicnal corjloxity would certainly
decrsase the relisdility of the gysien,

2, An additional non-diroctional anton: a, as well as ano‘licr
duplexer, rould be needed., The latitor would have to be
two to tiree ti~eg as lar;'e as the rrsont luplexer. The
whole systen woul! .ave throo anten.as to nount, necessitiiing
the running of three ‘-ans~ission lines,

-4/,-
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3. Althouch it s more difficult to interfere with
(interference iz here used in tho sense of sorevrs
else trying to ope-ate the system) such a systenm,
1t 15 easier to Jan it. The system can be rendered
useless by the blocking of either receivor. The
probability of an enexy being able to produce a
Jaming sicnal on any one of two frequencies is  reater
than his being able to jroduce a Jardng sinsl at a
given frequency,

4e Using two frequencies redices by more than twice the
degree of raiic silence maintained, Whereas in the
present syatem there is ane direction and one none
directional transrission durirg & conplete cycle, the
two frequency system would have three non-directionsl
and ons directional transaission.

Operation on 175 Mc and 435 Mo was actually acco-plished with
the four counter relay system, However, with the development of the
carpletely electronic system the two frequency idea was dropped for
the reascris enumerated above., 5hould {t be felt that the additional
security is desirucble in spite of the added sise and corplexity, the
aiditional fraquency can be added to the present systen,

C. tar Electronic 3Jystem

The relay systen was corpletely rebuilt, eliminating all relays
with the exception of one single circuit relay for the purpose of
sgrror® or final clesrout, Vacuunm tube electronic switches sre used o
replace the relays. The circuit diagrar is alown on Plate 33,

The circuit used 66 vacuum tubes, 2 ;as tubes and one relay.
Power corsumption was very nearly that of the relay system, It lad the
sane possidle nunmber of codes as the relay zysten.

The indication of correct transmission and reception was obtained
by msans of four neon lamps connected (Mirectly across the plates of four
slectronic switches, izach lamp corr~sponded to one ,roup so that a check
was maintained on the correctness of the transmissior. antl reception of cach
group of any of ths outyoing or incoming two groups.

Very satisfactory operation was obtained with U.la system, Two
units werm operated over a lamd distanco of ei_ht miles. The two units,
however,; afier having under;one many experirental revisions (inciuding
the =a jor one from relay %o elecironic switching) were in rather poor
mechanical corition, It was therefore decided to build two new units
with the two Joup system replaced Yy a one group system, The forner waa

=45 -
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0 s held in reserve in case a creater coding was desired in an
enercency (as cal'ed for in the authorisation). A3l developmont and
testin; could then be carried out with the ono [Toup systen and
whenever the necessity arose the one ,Toup keyor-recosnizer could
si~ply bo replaced by ths two group. This system is discussesl below
un.'er ®one Sroup, two counter elsctronic system.®

e Qne Group, fwo Counter Flectronic Jystem

By chan;irg from a two sroup to & one (roup systen, the coding
possibilities were reduced from approximately one million ¢o adout four
thousand, However, tl.is was jone with & decided reduction in sise and
complexity af the circuits !nvolved, Theress the previwe syster had
s total of 63 tubes in the kcyer recogniser, tho sin;lc group system
neeled only 39. The circuit disgram for thes one roup, two counter
syster !s shown an Plate 34.

The neon larps were replaced by a double elcctron rey tube as an
iniicator, A single relay was acain usecd for cytixde clearing.

T™his circuit was not built up because of the development of the
further sinplification of having one ocountor do double duty. Its
operation is essentially the sarme as that of the une group, one counter
systan. The operation is si-pler than the one counter metl.od but it
requires -=ore tubes,

@ Counter tlectronic Systenm

The ane ;roup, one ocounte- svaten was the final model arrived at
and is the one which has bean discusge’ at _enjth in this report. It

uses & total of 47 tules in the keyer-rocognizer, This, Lowaver, includcs

8 blinker and remote cor trel syste whilch was wot incl.ded in the other

systens, The actual mudaer oI tubes and rolays used in the basic circuits
of tle keycr-rocognizer wull! oo Lare as follows for the various circuits

Tubss  Relaye
Pour Counter, Two Crcup 2elay System 66 8
Pour Zounter, Two Group Ylectronic System 68 p §
Two Zounter, Cne Group Tlectronic System » b
One Counter, One Croup Elsctronic System » p §

In making the above co~parison it rust be borne in mind that the
first two s;sters have a total possidle coding of over a million whoreas
the last two nave a coding of anly sliitly nore tlan 4000,
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The two units wore tested at varicus inte-valr over a period of
sbout two months. During this jeriod ver: relt. ls speration was
naintained (with the exce;tion of lccal interferuvic: trmibles to de
discusscd below). Those tasts vere ~ade ave: a line of si:ht, land
distance of about eight miles. The poor conducting ~elium over which
the propacation was made, ti.e low antenra hei hts usel as well as the
receiver cain wiich was still available nade it revasoralle to ;redict a
range of 20 niles over sea wator with the antonnas =ounted fairly high

on a ship.

In oconducting these tosts it was necesoary to transport one of the
units & rosd distance of abo it fiftecn miles, set it up, take t% down at
the oconclusion cf the test and transport it back s;aine This -ethad does
rot lend itself very well to a reliabil’ty test, Norwally 'ut of adaut
100 challen;es that were -aie, on the - rder of one errvr was cbtulrned,
This could 1usually be ,roven tc .ave beon interference of so-e kird,
ahen one unit was set u, for a count dil{erent than the ot.er, th: error
detr3tion syste~ worked perfectly. No correct indication was received
v..en @ wro-,; count net-up existed,

No long time reliahility tast has been rmde becausze of the iapossi-
hility of finding ary place to permanently set up the second unit, IMeither
have amy tests been conducted to deterrire the effect of tenperature and
humi ! 7 chan es. These units wers bSuilt as firat nndels to determine the
operati~n of the switchas and counters, the effect the RF circuits rould
have on them, the effect of interfaronce, nocessiry trarsnitter power and
recel ver sensitivity to cover the ranje, ete, Conscquently no spocial
atte~pt was ~ade to providlec the t:ransmitter, for exam;le, w!th an nverall
sero tenpurat re coofficient, It wur assmuned thnt orce satisfactory o;era-
tion ‘ad bean eflectm~l, the sta"ilit:, hr~axdown anli ather ,rotle~s
srosentcd by tejeritu e, uni ity and life could be landlel by the usually

accopted rwtho.ls.

B, JInterference

The protlen of interferonce at tines provel to be very troublesome,
In all tests one aof tho units wa: set up on the Laborstory rnof, while the
other was usually taren cut in the truck a out eight miles from the
Laboratory. At the latter polit tuc. e was only ons type of interference
noticed which suspended operativ:se Thal was the approach of a car or truck
to within about 50 feet of the anternas. The i:nition interferonce would

trip the counters and consequently cause the amher licht to go oute

At the Labomtory, however, the intasrference ;rotlem was more
serinus, Pirst of all, the sare §,nition interference ras noted, The
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various construction projects on the laboratory crounds used n;ines

and trucks, the interference fron are of which caused trouble over s
distance of 200 feot, Secondly, experinental transmittors with high

»ak power outputs (prircipally for nadar use) at & frequency near that
of the recocnition unit would Produce intorference. This occurred even
touch the laboretory unit wes overating at a receiver zain between 15 and
20 db below that of the receiver in the other unit, This hizh noise level
&% the Laborator: was, of course, also vory noticeable in the re;ular
comrunications receivers. fhe 20 w Ralar produced no noticea“le interw
ference

In view of these irterforence difficulties the folloming
Fecoreniations are -ade;

1. A test on shipboar! bSe conducted with the present two units
to sce 1f any interfcrenco difficultt e arc encountere., It is reasonable
to assumo that thie noise level on sldpboard 18 wvery ruch below that at the
Laboratory in view of the lon; !istance Corrunication that a shi; rust
maintain., If any source of interference such as ionition or other sparking
oxists on shiphosrs it can no doubt be suppressed, Purthermorc, the added
anter.na heicht and salt water path will jrobably allow the receivers to be
operated at lower oain,

2, If 1t is desired to have the units operate through such high
1avels of roise es are encountered &t the Laboratory, then 1t will be
NBCessATyY t0 increase the tranamttter power by a fac.or of at lecet four
timss. Since the transmitter 1s alrealy operating at 5000 volts, such an
increase would mean a considerable increase in size and weight,

It 18 %o be noted that the interference w:ich is discussed here
mrely rerdess the syste- inoperative an.! does not ca.se it to ;ive ine
corract information, The presence of incerference ig immedintely findicated
by the flashing of the arber U, ht,

Co Detectavtlity

The recognition si nal Sppoars as a sinle click in a pair of ear-
phones an & receiver tuned to the transmitter, It {s necessary that the
Teceiver have a band width of at least 50 XC for the signal to be at all
resalved and at least 300 IC to pass 1t undistorted. 4ince the Pulse

i 20 KC this s{;mal eould only be recorded b photo,raphing 1¢
on sore type of single sweep cathode ray tube setup. Therefore, aven after
the enery docs suspect the "elick" as & signal of some kind, he 18 :ut to
eonsideratle troudle in breakdng it down. 1lle 1s then confrontn~d by the hig
probles of trying to roproduce it. The 20 XC mo-Mlation frequency could,
with & fe» additions, Ye raisoed ac hih as 200 rC 1f so desired, reducing
tha length of time the il 18 on the air as well as maki ¢ recoriin, more
difficult,




In view of the fact that an enesmy muat; ®

1. be 1in the line of si ht to be within the signal raze,

2. locate the carrier frequency,

Je reconize the si_nal as scmothing other than {ntarfercnce,

4e Tecord the sinal cn a high volta e sin;le sweep oscillograph,

5. analyse the rocorded sicnal, °

it is very improbable he will detect the sinsl. This approaches very
mearly the idesal situstion of a recognition system which maint:ins radio
silence,

D. Aytoratic Qpevetion °

There is very little that can be done to the prescnt mits to make
the operation more autoratic than 1t is. The only possidble addition would
de the use of some automatic means of rotating the directional antenna,
although tidis would producs only a somewhat questionable improvement over
the namual rotation. Perhaps the least reliable of the present autometic °
devices is the antenna switche ™ith sone further ressarch on the subject
1t 18 possible that this could de changed ¢to electronic operation. The
operstion of the entire unit could thsn be ~ade electronic with no moving
parts except the main challenge switch, .

dise_and Foipht
B zo and ¥ °

™o equi;ment as {t now stands has a volume of about 10 cubic feet.
The suthorisation calls for a volums of 6 cudbic feet or less, It was found
that this figoure could not be met without sacrificing sarw of the desirable
features of the system. Of the 10 cubic feet, 2 are taken up ly the
ventilating systen. The ventilating problen was rot entirely appreciated
at the bepinning bLuocause it was not expected that such complete shielding
would be necoss:ry. The shieldin; made tle ventilstion yroblem more difficult,
resulting irn a derand for more spnce.

By using the improved counter circuits ciscussed on page 22, a
considerable saving in power supply space could be effected. However, the
total amount of decrease in sise and weisht that could be effected in the L
present system 1s not very great, The reason for this is that the receiver
and trane~itter st present account for more weijht wnid space than the keyere
recogniser, To decresse the size of the transmitter, it would be necessary
to discard the prusent relay type of operation {n favor of some systen using
synchronised signals, as e..., & system using a cathode ray tube, As

previously mentioned, the developrment of this type of systen 1s being carried L4
one
o 49 -
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Ae TJeot Jwtliol for Determdnin: the Prans-itter Peak Power (utput
™e circult reduces to a oondonser discaring through a
resistance loads The volta;e decruvaic acrcas tlo condenser is a msasmure
of te eneryy inywt %% the oacillators The cacillator efficiency was °
moas.ur-ni under contimunus »ulsiC with & lamp loads The curront flowing
19
where 1o g*
4 & current drmwn by load o
e ® curacity uf condenzer
® = conlenanr voliace
¢ = tiro of disciarge
.
Tor a square mave &i.wl, the following may be assuwds °
Ae
1°¢c ¢
where .\t ia the ;roduct of tho ;ulse width Iy the muzbor of pulses and ®

Ae s the wltaje drop in tie A\ ¢

Porcﬂznrd..:u-lwvolu.n-&puhn.uu.lAt-&x'l.s'wum.

1-2:10'6: Eﬁ%"‘ﬂo.&'lm L

Pin ® powor input = ed @ 6500 x 0,667 * 4333 wmtts
Pout ® Pow r output = Pin x -Lf, ® 4333 x 0,20 = 366 watts

o
rThe ~odulating si, nal is not strictly a squae wave si,al, but is a
coo! approxi-ation (see "late 4). The avera.e ,ulse width {8 7,5
alerosecovis,
@
- % - ®
L ]
o ® e ® L e e
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Be Jethod of funinz pntennas

The develornent and tuning of sntennas that could he su-iesalully
used with the reco_nitio:n unii oresente! an irporiant hroblem,

™he rajor consideruatisn was one of ~atehin e A "ismatched
antenna ;roduces thiree undesira l~ effects. (1) The 91 'nal s refleczed
bacx into the transmittor ani !'ron the transwitieor ¢~ *le .erer-recn -nizer,
The effect is a ju~ing of the ''eyer-rrcu mizer wh.te: Aves ri-o eftior ®
to an incorrrer *rarsnitted count or to [ rematire activi of e alactronic
sritchen cr cot., (2, A mismatcred antenia 20i0L ‘le Sroquene: af Lhe
oscillator from % Al of & properly -atched antre.cae Since ‘te rrcomition

ant a3, it 18 dmvortant t'at t .o antonnas be ate' e

sster gwitcios ant
80 4hat no frojuencr g ft results, (3) The ener-:° rattatien ts rodcwd

belor that ¢f 2 =a‘cl.o! antenna.

Consider an 2F »scillator foedin- an antenna thr~:-h 1 transmission
1ine. “Tho characteristic 1vc¢lance of the line is

/I’.oJ'L ™
% - e iwcC : )

at frequencies as . {,h a8 400 Yeo WL R and wC-~ 0. Hence, the
¢ a-netariatic inpe a: :¢ rrhices to a pure resistance,
[ ]

oenF

If the ancenna is A —~.rv rreistanee witch 43 a23l o Hliat of the line,

all e ;omer tn the 1ine vwill " foo into the antenna, liowever, if the

antenc ¢ @ llep . impe e ce, or A rosintanco dilfere~t fro- that of the ®
e, o re.loct. o wlll Wt lace and oalr jert oI Y.e pover will be fed

1780 the art+.we The r =sult will be standi 4 wavan on the 1ines The
woitions ' el o inl n~dal oeints aleng she 1line arc deter=inod by
the an-le of ¢ wu:%er a L{+:~'ance vhorrus tieir arplitude §s determined
‘ow maeh e a selute sale P the antenra inpe lance A4 fers from the
li-r ressatarces 22 1, u cnu-se, Josiroe! to ~ake the antenna a ~ure ®
P ista ce 80 an ¢ ~axinize t o owrr fod fror the wure resictance line

to Y e tenna, This can m ¥ oy terminatin: the transmission line {n

i ure rosirin ce an. bdtaining a nodal refererce points Fur anv

,1_"

an:
Ve . Y P oo stanes Loere will o oonls e gLtk jolntse  One will

- 10 W re. sLnCe o n Sadd L4 D e Yine, the otor o nny

r Lonter thar a0 e Ll Thnse two pointowill e s)® ®
ar S8 lazt can ooare Lo o a L rortel 1ite an' an - oen ITe

: - % & 3ar~ an! an 1nflsite resistunces To ru aely -ntch an

-51-




antoina to the line, !t is morely neces .ary to establish the nodal
roforence ;nints, adlus’ antenna cunstants until cne or the other

n>de point !s roaciied and tien, if possible, adjust further without
shifting the role print to oh' in a standin: wave ratio ap;roaching
unity. If an adjusteent ia reac'wi wliich has a hich standing wave rutio
and & alt.it che e in the ante na “rotuces a shift of 0° in the nodal
prints, then the antenna has a rosista:ce very nearly cqual tc that of
the line, It "ust Se remenhered tit ‘t is not necessarily possible to
reduce t'ie antenna resistance to that ol the line, A matchin: section
~ay be necessary., The rrsis‘ance of a diroctional antenna can usually
he varird sver quite a rua e but 1t Is dore at the cost of chan;es in
e Jirectivity —attarn. Jor bSest directivity, the radiat-on resistance
~f a directin:al antenna will usually e quite low, necosaitaling &
match! - sectiu. fron s rtandard 75 ohn line,

“he actual aparatus ficluded an necillator, op-ratin: ot the
8¢ ral frequency of the reco;nition uvater, feodin; the anterza under
test throuh a concentric line of enlar, ~' cro~r=snction, A linie
detecter moved latarally along the line -casured the voltago hel. -en
inror ar! cuter conductors. Oy this -~t!x., the antenna ele-ent lon: ths
an'd feed syaters weres altusted to make ww antenna impedances ;ure
resistances equal to the .ine rcsistance ~f 75 oh~s, The element lon, ths
of the varicus antennas so obtained an! tic naxirum standing wave ratios
odtaine ' wore as follows;

1. Por the skirted dipole (non-iirectional) antenra, & rutio
of 0,70 was obtained at the followin, colencnt len:tusy #ipoler = 16,5
Cr8e, skirt « 17,0 cns,

2. .or the hypolermic (non-iircctical) antem.a, a ratto of 0.92
ras obtaine! at the fcllowing ele-a.t len the: upper eleent - 1! cns,,

lower element - 15,2 crse As previ usly pointed -ut, no consistent rcsults

were nbtained with this antenna,

3. For Ya;i 41 (!irectional) anten:a a ratio of 0,79 was obtained

at the followir; olement len.-thss (A} anterna « 15.1 oroe, (3) reflectors -

£e) cnBs, (D) directors « 1i.5 cms.

R MEM!
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15.

Dable ]
General Specifications

Sigmal Frequency - 423.5 mepacycles
Rarge of operation - 20 miles (ship to ship)
Supply voltage « 110 to 120 volts 60 cycle a-c.
Peak power output = 360 watts
Total possidle coding - 4096
Wodulation Frequency « 20 kilocycles
fulse Fidth « 7,5 microeeconds
Total eycling tire - 1 secord
Kirker flash tire - 1/4 second
Rlinker cycling time - 12 seconds
Transmittar Plate Supsrly Yoltaje - 6500 volts
Munber of tubes - 62 (5e0 tube complemsnt, Tahble 2)
Powar consumptiion

Total for it = 675 watts

Transnitter - 275 watts

Rece!ver - 60 wats

Keyw ~rocognizer « 250 watts

Mimensions of cabined

Width < 22°, Depth - 13%, Heicht - 457,
Yolune = 10,3 cubic feet

rei hts
Transmitter -73 1
Receiver - 15.5 1b

Yever-reco nizer - 75 1d»
Catinet & Mlower - 137 1b

Total Cabinet asse=lled 3 2,5 1b.




Transni tter

24 Ca~ratron

807 Amplifier Tetrode
87 Half Wavo HoctiMar
5T4 Pull Bave Rectifier

Total
.ceivor

6G.C7 Arplifier Fentode
6557 A-plifier Pentode

754 Detector Pentode (Acorn

T8 vscillator Triode (Acorn Trpe)
524 rull Wave Roctifier

Total
Keyer-reco miser

Y7 Penta>1id Converter
65C7 twin-tricde Amplifier
6.J7 Axplifier Pentode

834 Jas Triode
2050 Cas Tetrode
V4G Full ‘.ave Qlectifier

54 Pull ‘'ave Rectifier

Total

Total for Unit




Iable 2
®
Receiver yolta-es
Plate 3up ly Tlate Sjcreon Cathade
Stace (Volts) {Volts) (Volts)  _(vclts) L]
Oscillator ~ 955 0 185 0
1st netector - 954 10 255 R ) 7.3
1st I.P (at minirunm 2ain o0 265 255 9.0
6AC? (at full zair 4] 245 183 5.0
2:d I-F (at minimun gata 0 260 225 9.0 ¢
6:C7  (at full gain F440) 245 160 5.0
3rd I-P - GAC7 0 20 100 1.2
2d Detector - GACT 290 200 120 bheb
A=F Alifier - 63J7 290 USs &b 0
L
All control grids are at zarc volta e.
Finimn sin and full ;ain refer to the setiin;;s of the ¢ain eontrol ¢
resistor,
®
@
@
o
®
L @ ® ® ®




Iable 4

Keyer-Recozsniser Sta_es

ement and "upn

Plate Zupply Plate Voltaoe

Stage  _ (Volts) (Yolts)
> 2 or 10 3w &
) 3% or 120 23 o %2
5 ) 150 0 to 50
m 20 or 10 9% 70
M2 20 o 120 7 to 7
0 9or ™ 0 to 45
n S %S
A2 20 20
44 20 x5
o) 2% 220
n VX 90
V2 20 135
n 20 2%
*Va 2% 160

All switelies and counter sta ess

Plate supply 145
Plate voltae 20 o
rid 3 supnly =175

volis
r 120

arid J voltace O or =40

Screon voltae 34
Cortrol .rid volta, e
Cuthole voltace O

0

0. (1]

Soreen
Yoltage

145

Control

Grid Voltage Cathode Voltage

{Yolts)
.7.6

aZ.5 or 2%
«bo6

o 00 O ©°




Y S

Cs

Jerdvcerrese

A 18 chosen sc that tho first
transition chan_es ‘t Lron
eonducting to non=gonducti:.g,

Intermediate Clearout
QMBSO: aesag
Aors
Aor)
Aors

FLal Clearout
EQ\_{)d‘B!IQ&
Aorp
Aorp
Aorp
Aorp
Aor)

|||...u..;
[~

Blinkor Clearout

;_umssor Reset



~
SEe
4 . ‘) 1~
Tadble 5
o060
The tubos fnlicated in the reset colums elow {ndicate
which tube {n & 8ta @ i3 -ale noneconduettn: for L

respective resot cperatiens, The staces and tihes 1isted
are ghown {n the circuit on Ilato 23

Intermodiate Cloarout Flnal Clearout Blinkor Cluarout

Stae Sup;ressor Roset Catlode Reset Suporessor | eset
c1 AorB Aors
cz Aors Aord
c’ AorBs Aorp
c‘ Aorp® Aorps
cs AorB Aors
C6 AorpBs Aord
31 None ]
S, None B
s3 B B
] A '} D
s Rone b: ]
S
uvs None ;)
Bl anm—— -—— A
32 — n— B
le -~ — B
- - Y -~ - - -

.-




Jable 6
gtates ol Plinkor Counter

(Refer to Plate 13, Qyclec cf Cperatt 8 af Dldn. °r “Lle::it)

Stae 1 Stae 2 ny vzl e on Volta, o

State (Cond, Non-Cord, Cond, MNo-=Conde Input Arids of 2050's Sonlied to T

1 B A A B «40 volts 20 volts
Ro .Pulses :

2 A B A B =20 volts 70 volts
Nﬂomhﬁ

3 B A B A «20 volts ™ volts
Nez.Puise - .

4 A B B A 0 wvolts 120 voltes

®83y i3 trip ed by the first ne, prive ulnge
#r 20503 are unhlcocl.ed and blinker 11 ).ta,

# "Tg builds u; and «ischur. ese
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TRANSMISSION LINETO___ TRANSMISSION LINE TO
DIRECTIONAL ANTENNA | "~ NON-DIRECTIONAL ANTENNA

CONTROL CABLE
ANTENNA SWITCH

A-C SUPPLY PILOT
GHT

DOOR TO CODING
SWITCHES
BLINKER CABLE

A-G SUPPLY
VOLTMETER

A C SUPPLY
VARIAG

BLINKER LIGHT

HIGH VOLTAGE PILOT
LIGHT

HIGH VOLTAGE SWITCH

FRONT VIEW OF UNIT SHOWING_ CABINET ASSEMBLED,ANTENNA SWITCH,
CONTROL BOX,AND BLINKZR LIGHT.

SECRET PLATE 10!
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®
TRANSMISSION LINE TO NON= TRANSMISSION LINE TO
D!RECTIONAL ANTENNA , DIRECTIONAL ANTENNA
CONTROL CASLE ' ‘ .
\j —— - ANTENNA SWITCH
BLINKER CABLE\’ /4
/ Y <1 - ®
SHIELD FOR ‘¥
TRANSMITTER
: TRANSMITTER
9-WIRE CONTROL CSCILLATOR ®
CABLE 11 FILAMENT
_ ] TUNING
SHIELD FOR KEYER- i
RECOGNIZER AND . & .
RECEIVER { 1 _DUPLEXER o
RECEIVER OUTPUT —RECEIVER
OSCILLATOR
JACKS | TUNING
@
BLOWER HOUSING
[ ]
VENTILATING AIR
INTAKE
[ ]
[ ]
REAR VIEW OF CABINET
SECRET PLATE 102 ®
® @ [ ) ® [ L J [ ]
WGy T

. ‘ 1)



PLATE 103
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®
R 7
AMBER LIGHT INDICATING
CHALLENGE OR INTERFERENCE GREEN LIGHT INDICATING
RECOGNITION °
¢« L
®
KEYING
SWITCH
o ®
®
PILOT LIGHT (RED)IN ®
AC SUPPLY LINE
CONTRCOL CABLE
®
CONTROL BOX
»
SECRET PLATE 104 ’
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PLATE 109

SECRET




®
CATHODE
CODING SWITCHES
e eyt ®
o
[
@
o
- KEYING
A-C SUPPLY JAGKS . TRANSMITTER
9 PRONG TROL CABLE JAGK °
KEYER-RECOGNIZER
TOP-REAR VIEW SHOWING COUNTER AND CONTROL TUBES
AND POWER SUPPLY
o
SECRET PLATE 110 d




ONV H3INNOD 40 S3SVE 38NL ONIMOHS MIIA LNON

TINVI TYNINYIL

¥3AI1303Y
no¥d ava

S1iNJY¥IO T0¥INOD

83ZIN90J3Y -H3IAIN

NOYV3IT TWNI4 HO4
SIHOLIMS ONIGOD 40 MOY H¥3IMOI

H311INSNVYL

QL 3NIT ONIAIN

1N0Y¥V3T0 ILVIQ3INYILNI ¥O4
S3IHOLIMS 9NIGOD 30 MOY ¥3ddn

PLATE Wt

SECRET




¥3X314n0

NO1LO3MNOD
OIYINIONOD AvM 334ML

HILIMS YNN3ILNY
O1 NOILO3NNOD 9N

3ens svo

H3L1INSNVHL OL

B
NOILO3INNOD 9nd ANVL .
. OQIMLN3ONOD LNVNOS3IY 3A1393Y O}

NOILO3NNOD 9nd

m

w

w

!

T taisimand
B \,N

DO e

y



SAV31 04IN0D
QION310S

QION310S — §

VNN3LNV TUYNOILO3NIO
Ol NOILO3NNOD 9Nd

.- -w-/.
VNN3LINV TVNOILO3NIG-NON
Ol NOILO3INNOD 9Nd

e

2




o
945 .949
/
' °
POLYSTYRENE BLOCK
[ ]
°
,; CONGENTRIC LINE
. ] °
:\‘ .
A °
\ ”
o
PLUG i
{
/ [{]
NON-DIRECTIONAL ANTENNA
SKIRTED DIPOLE . ‘
{
{
/- ® e ] ] L L e ] (
; i
t

ok e S
St ikt 2K

AN







® »
i )
. °
D »
[
»
® {
‘.'/'
PR .
’
. .
]
o
.»""4 .
\'é/ ®
DIRECTIONAL ANTENNA INCLUDING SUPPORT AND BASE ° ’
- ]
? PLATE
»




3NIT OI¥AN3ONOD

SIN3W313 ONIMOHS VNNIUNY TVYNOILO3YIO

w
-
g
-
a




Py

ROTATING SUPPORT —

. POINTER
SCALE CALIBRATED f_
IN DEGREES —  ~__

CONTACT HOUSING

FIXED SUPPORT YgLINE TO UNIT

DIRECTIONAL ANTENNA SUPPORT SHOWING ROTATING JOINT

JoLINE TO ANTENNA
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