
VOLUME 32 No. 19 DECEMBER, 1958 

..... ...... G 
. fUttl8 

........... 
••••• 

'": ..... . 
., • e .... 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



COVER 

The n.... f~~ 1392_A 
Tlm .. O.I .. ~ O.n .... l ... , d._ 
.tfit..d i" lhl. I ..... , btl"g" 
.. " .... d ...... 01 po.d,l .. n 
.. "d .. doplabmty 1 .. d.I .. ~ 
g." ..... liD" Dnd .... DI .... _ 
.... nl. H ... , twD 01 lh ... 
g.n .. Dlorl a ...... d In Dn 
•• p ....... nlal 1~'Mm IOf 
p •• d .. cl .. g Ilm._c Dh ... nl 
lDn ...... IIL 

~ 

w erimenter 
....1.---' 

GE N ER AL R A D 1 0 

Published Monthly by the Generol Redia Compony 

VOLUME 32 • NUMBER 19 DECEMBER, 1958 

CONTENTS 
I'a". 

How to Kill Time Accurately ....... . .•••••. . _ .. 3 
12 2·Week Delivery on Monilon .... . .. . _ . ...••.. . . 

The General Radio EXPERIMENTER is mailed without charge 
each month to engineers, scientists, technicians, and others 
interested in electronic techniques in measurement. When 
sending requests for subscnptions and addreu-change 
notices, please supply the following information: nome, 
company address, type 01 business company ;s engaged in, 
and title Of position of individual. 

GENERAL RADIO COMPANY 
275 Massa chunHs Avenue, Cambrid ge 39, Man. 

NIW YORK, 

CHICAGO, 

"HllADElI'HIA, 

WASHINGTON, 

lOS ANGEUS, 

TeI.,.""-: T ....... Ior. 6-4400 

8r_d Ay." ..... I lInd.n , Ridg.flold, No ... J .... y 
rolopllonoo - NY., WOrth 1(·2712 

N 1.. WH" ... , 3-3' '' 0 
6605 W." NOHh A" ...... , Oa~ 1'orI! , 1111 .... 1. 
ToI.,.,......- Villa". a ·9400 
IISD YoR R .. ad, Abi .. g' .. " , ..... "".,1" .. " 10 
T.I.""" ... - HAn ... d 4 ·1 4'9 
lOSS Illh SI., SiI", •• Spring, M .. ..,I.nd 
TeIopI>one-IU"'fM· 5 .• 088 
1000 Norih S ...... d 51., lOI A",.I •• :II. c.nl. 
'.lopIHo ... - HOllywood 9.620' 

SAN fRANCISCO, 1,12 lOI AUo. A", . .. lD' Altol , C .. Ii!. 
100opIHo".- WH,I«M' a ·82J3 

CANADA , 

EAST COASt, 

NEW YORK, 

MIDWEST, 

WIST COAST, 

CANADA, 

99 n ..... ll'ork ... o.,. T .... oniD I S, Onlo.lo 
, .... pho... CHo.ry 6·2'11 

REPA,R SERVICES 

G.n •• ol Radio CD .. 5 ..... 1 .. D.pl .• 12 Soh, "",.n .. . , 
W •• , Con~D. d, Mau. 

r.t.p~o .... - Con<o,d, £101 ... 0" 9· ~"OO 
liMol", Cl_,,,"o'e. 9·a900 

o. .... al R .. dlo Co .• 5 ... ",1 .. D.pl .• S.o .. d Aw • . 0 1 
lI"d.n. R,dg.n.ld, N .... J •• uy 

r.l.pho... N. Y., WOf'~ 1( ·2122 
N. J., WH,I"., 3 ·3'''0 

G."o.ol Rod,o Co .. 5 .... 1 .. D.pl. , 1160' w .. , N IM,h 
A", •. , Oak Pa.k , IIIlnoll 

r ... .,.hone - VlIJog. a·9<100 
W ..... n 1""""",.", CD" 1111 NOHh VltlD'" a .... ' •• 

..",d, 1I ... bonk , Calil . 
ToI"""'''' - Vldo.;" 9·30':1 
11 .. .,1., Eng'n •• "ng, l,d., fin' 5' .. AIDI. On' •• ). 
ToI.,..... ... - ' .... onl" EM", .. 2 :111(, 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



, D E CE M B ER , 19 5 1 

HOW TO KILL TIME - ACCURATELY! 
A Generolo r of Preci se Tim e De lays 

The imnH'dintc :lcceplanc(' nC'('ordcd 
t il{' T YPE 139 1·A PlIls{', RU'wp, and 
Ti nw-Dc!a:y G{,Ill'nltor' IIpOI1 it ~ intro
<iunion ill ll.).j,'j mad{' it a pJl!l.rclil lhnt 
tll('r{' wu.~ n ~{,Il('rn l d('5;ir(' for pl'('('i~ , 

\'(,N'.:ltil(' , fl lld fl('('urntf' ti mM lornn in in-
8trunlt'nllllion . Th(' T H t: 13!):!-,\ T im('-
1)('la~. (;('IlNator to 1)(' dN'ril)('fi ill thi:. 
nrtide 1I"'(';; p() rtioll~ of tilt' T n>. 13!11-.\ 
ns 3. point of deparwr(' :lnd {':>;tclld!'l its 
ori~illal rir('uitry to proou{'f' II I1(,W de
~r('(' of pr('(' jsioll and ndaptabi lity in n 
tinw-d£'ln,\" ~y"l('m. 

The den-topmen! of ('ircuil !'l fol' am
plitudc l 'ollIpariMIl hy Il oltjl,1 and of 
hi~hl .... SII\ /) I(' lind pn't' i.o;(' di!'trihut('(i ... 
par!\Ill{'IN ":mabll' delay lill(':; by L('wis 
Hlld Frnzil'I" (,:1111(, nhout almost I<imlll· 
Inlwo lL!<ly with I he availahility uf an 

' Ii W Fronk ",\ \"",.,...'il~ c.~n ... t' ~ f ... T"' .... n ,,""'in 
\[ "" .... r~""·"I .... t.' .......... 1 R,..t,~ to·s"""",,,'" , .10, 12, 
\[ a)- . I\I:~) 

"1 (' . 1I ~1tJ" ".\ " n ("i" '''1 I". -,Io n" L " ",l~ ( ','m.,...' 
"""." (; ...... "111,,.;,,, ~.rl""' -..' ... :11l.1l. " .. \~,,,lw r . III:';; 
'f' I) I ........ ,,. Ii \1. ~' .... , .... , ·Ili . .. tbu' ..t · .... ~.""" ... 
\ ... ;, I,Jo. II •• , 1,_ t '.;,.. :-b .. Ni T y .... I .... IJoeb,. 
1-;q ..... J .... ,"' .. : 1" «. / 11 /:: , ho I II~; 

abundance of application information 
I'{'!;u llinu; from t lu.' introtillction of I he 
' 1\ I ')~ 139 1· .\ Pub.c, ~\\('('P , and T ime-
Dela.\' (:(,II(,l":1lor. T his tombination of 
11('\\ c ircuits, II{'W comr)()Il('nts, ilnd fi('ld 
eXpf'riCIl(' l' h:1:-; t{-,.;ulte<i in the d{'\'C'lop
men I of an in!';lru IIl('n t that wi ll , \\"{' are 
('f'rt:lill. Oet'om{' a s lnndnrd for n('('umcy 
and rpliabililY in tlw fi{· ltI of nna10Je time 
nl('a.sur('III {'nt~. I t is 1111 {'x('{'llf'l1t nlngc 
t'alibr(l.tOl' for radar, Mlllar, :lIld md io 
nanc;atioll sy~l{'m, ... . 

T Il(' THE 139'1-.\ Tinu.,- D{'iay Gen
('rator p rodu('('S an R('(·um lel .1' known 
l ime d{'lny, ('ontinllolll'ly [UijuSI:illll'. and 
with I ~ or I O-Ill~:-;('e a('I'um('y O\'{'r the 
rall~(' from 0 It) I M'COII(I. It cOlltalll!'i [\ 

SI'(:lJlld, I'IiJehlly 1l'SS al:('ur:H{', d l' lny rir
('lIit adjuslnbh· o\'('r l ilt' ti m{' rnJlJ!:(' fl'orn 
0,.) ~-«'(: to 0_.:; !«'('olld , T his ('in'uit, ('om
pl('1{'ly ill(i('lx'lldent of til{' fin-t dt' la~' 

l'il'l:llit :lnd ('apahlc of I}{'i ng l::tlibl'at('(1 
hy it , caulX' IISt"f.!: 

I. .\5 a l<f'('ond "parallel" delay cir
cuit 
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? As a second delay cascaded after 
the first delay ill time. 

3. As a coiu('idence "and " circuit en
ahling-gate startl.'(l by the first delay. 
:;ince thc gatl.' ('~\Il be reduced ill dum
tion to 0.5 ~scc, timing m:U'kij of PHF ill 
excess of I i\'lc Cllll be selected. 

Wp uelieve that. this is the fil'l)t com
lnt'rcially available coincidell{,c system 
eflpable of delay st.eps bl.'low I pscc in 
un unil.log system. 

'I'll!' fact that lhiiJ. instrument is nn 
tUlalog generator capable of produci ng 
pr('{'isc delays should be emphasized, be
t:Hl:iO olily in an Illllliog system eall the 
df'lay he produced from (l.start command 
pulst' without SOllie so)'t. of gating tran
sient ur quantization error. \Vith this new 
d('iay gellCl'lllo)', it is a lso pos,.'!ible 10 e8-
tflhli~h delays with qUllrtz-crystal-oscil
IUl{)l'-controllcd pl'(.'Cision ill any time 
tlllii. liS in rtl.llge (yards or miles). The 
:ldmnblge of tbis syst.em should be im
meo;liatl'ly obviolls to those working with 
r:war, with rooks, with water, or with 
hats. 

Anothcr advantage accruillg to the 
:umlog delay-cirl'uit. "ystem iii that the 
delay C:Ul be varied by all ext.cl'Iwl con-

",._ - 0 

• 
t.rol voltage. The amplitude comparator 
developed for this instmment, (llnd de-

~ 
scribed below) has a very high input. im-
pedance fO!' the referCllce voltage and 
Pl'rmit,s une 10 inject an ('xtet'wd Sigilli I 
to cOllt l'ol the m:lgnitudc of t he dclny 
ovel' a decade. This makes the unit II 

lineal' tim(' moduJatol' fur the production 
of pulsc duration modlllaliulI, pllI::;e po
sition modubtioll, or plain ji l tel' of 
known and ('on tl'olled magllitllde OVl'f 

modulilting frequencies ranl!:ing from 3 (-
to 100 kc. 

OELA Y LINE 

Figure 2 shows the circu it, system J'(}

ducoo to its s implest. fOI'Ill. The d{'][l,Y 
lille is shown connected in one of it s four 
possible posiLions ill thc sy"t.elll. Il cI'c it 
acts as a 0 1.0 i-lAscc vernier on th(' elC('
t!'Ollic portion of the Delay i tll'(:uiL It 
can also be slI'itched to: 

I. Act as a firSL (0 to l-~sec) range to 
produc(' adela,\' bct.wNm til(' direct synu 
pulse aile! the Delay No. i sync pulse. 

2, Delay by 0 to J ~scc the Delay 1\'0. 
2 sylt (' pulse (s(.'(' page 7) . 

3. Delay liirecily :Uly waveform ap
plied to the PR l~ drive terminals. 

Fill " '" '1. $im pliA.d 
b l o~k diog,,,m. 

r--------E~y~~~.'w,' CQINe; co,~, DIIIV[ 
tlfIlVE .NP-'NV. ~ 

"¥" 
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D.I.,. "'-. 1 SYNC.,d 
SYI'IC GATE; 10 ..... 1."'" 

0.1..,. No. 1 .. , ~, 
25 .. . 00< 

0.101' 1'1<0. 1 SYNC...d 
GATE; IO/"oc/, ,, 

OM SYNC; , 
f l ..... 3. Typl .... "' ..... for ..... 

INPUT CIRCUIT 
The input circuits comprise n trigger 

generator, Wllich will accept a lmost Imy 
wflvcform haviug 11 peak II mpli tude of 
nhout 0.3 volt £1.1 frequencies rnll~illg 
from de 10 over 300 kc. This circuit pro
duc('S a prt'triggcr, which is fed to tht! 
two indcPN\dcnt delay circui ts ilnd CUI 

tlutput sync pulse of stund:U'd Flhupc, 
htl viug n hu..sc duration of npproximnt('ly 
0.1 ,user, all amplitude of 20 to 2,j ,·olts. 
positive or negative, und :1 SOlirCe 110-
,xxlnnc(-' of 93 ohms (F igure 3('). The 
:0..""(" pulS<'S produced by the Delay :\0. I 
Ilnd Delny No.2 circuits are similnr . 

oeLA Y NO. 1 CIRCUIT 

El('CtrOllic circuits which will produce 
at'l'III'lite, linear, auel prcdscly cOHtrolled 
t!f'lilYb of leN; than IIJ-se<! Il re difficult to 
build 111ld even if rI'ulizubtc lu'e vcry ex
IWtll'iin: and comptex, The first range. up 
10 I pi>eC, is timed by II T y .. ~~ 147i-J 1000 

FI".... ... Fu .... I ... ,,) 
dl"",,,1ft . f D.I.y No. 

1 cltcull • • 

fllO .. lIN[ 
O~INI'\IT 

DECEMBEIt , "". 

delay line, This lille has an nccurale, 
ind ividually talibratcd, four-inch dial 
grudU!'i!NI ill 0.01-,u&'(: intcrval!'! and pro
duces 1\ delay bNw(,(,1l the dirl'('t sync 
pU!SI.-' and the Oc!1l.y No.1 S}'l(' pulse of 
o to I ,'LS(.'C with an accuracy of ± 0,01 
,uscc, 

To produce delays over I p»CC, the 
(·It-etmnic circuits arc switched ill Ctl.:)

t'ade with the lin(' as shown in Figure 2, 
Thcst' circuits arc 811llWil in some det!li] 
in Figurl'.t, Thoy comprise n. high-speed 
bistable gale, 11 pr(.-ei~' liuC':u swccp gen
erator, !tn nmplitudo cUlllp:l.rator, and a 
reset trigger gl' lIeralO1' followed b,v 1I1t'" 
Delay No.1 lIync-pulst, generating (-'ir
cuit. When opellcd by the triggc'!' from 
th(-' delay line, the bistahlt· gah' startS 
the sweep :111<1 callil(.'S the 11."","ociat<.,<1 
buffer to produce UII OlLtput pllI~ (posi
tive 5 volts and IIc,l!;:~tive GO volt s). 
which marks the delay inll-'r\'id. The 
sweep circuit, 3. highly linear "boot
strap," prodnc~ u suw tooth whose 
j;!opc is dct<-rminoo by the de<:ade rtlllgt' 

lIwitch, This SII'C('P of predelermilll-'(i 
s.lor)c rises from 11 minimum of 10 volts 
to I~ mltximum of 110 \ '011$. The sweep is 
fed to one grid of t he :uupiiludu com
puralor, while the rcfCI'CIICl' voltage from 
the 100turn rllllge potentiometer is fed 
to t he Ollicr, Whell the ~\\'('CP and refcr
cnec vol1 nge;.; fU'{' eqllal, the compariltor 
t riggeNl and produces a reset pulse for 
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Ill<' g:ltil1~ hi",l:Lbk' mI\1ti\'ihmtQ!, and at 
lilt' sanu' 1 il1w pr(xlut'cs 1 hi' I)elay :\0, 1 
sYIll'hmllJzilig pulse, Thll;;, the loop C()II
si:;'1 in,!; of lhf' hi",1 able· ~al(', swcC'p gencr
:llor, !lmpliluuC' cnmpuriS()u cil'cuit, lWU 

r(':)('lting cil'cuits fLSsumcs a monostl.lble 
('h:lr:tctcl'istic, 

Stability 
Both long-term and short-tcrm "tn,.. 

bilily of df'J:ty has bl'('l1 fl..<:l)u rl'd hy Ihe 
ILS{' of prt'Cisioli n ,'Sisiancc-capacilance 
compl)tlf'nt:o. to C$lablish the swccp slope; 
by the tlseor highly r<.'p:uhded and fi\t('l'ed 
lie vollagf'S fat' the comparison ref(>n'ncc 
voltuge, plate ;;uppiy, ulld healet' vOillLge 
in till' >i\\('(>P gC'net'atot' and amplitude 
compal'ator; :lnll by e(u'cful ein'uit dl'-
l'\if,!:lI, which minimizC'i'l the effeets of tllb(' 
chall,l(l'''; and tubl' aging on the )\Ccum.!'Y 
of the eil'euit (T:tble I). 

Conveni ence Features 
Both I'\\\'('C']) :\Ild I'cfen'nCl' p:rids 1)1' thC' 

arnplillidi' cOmpnt'lltCU' arc al high im
IX'(h\ncl', :lod pl'o\'i:;ioli hn:; bccli made 
tu pt·rmil llw suprrpo:;ition of a modu
I:ltin~ ,"ollage Oil tIH.' refl'l'CtltC voltage. 
A j:u'k IJII Ihe rCllr panel of the inslru
melll pnn-idc;;; for the inj('clion of this 
vt)llag('. TIll' low-fr('{lllellcy euloff of 
this coupling lI(.'\work i;;; 3 cyclcs, while 

,'Ut c.~. ... 
CO'HC.IT"": 

, 
lhe hig:h-frC<IIH'IlCY perfonnallcc will, of 
COUl·;«'. he Je\{'rmillcd oilly by lIw slope 
of the S\\'ccp voltage. 

::)e\'l'rni olher feSl lures h:wc been pro
vided 10 iIllTC!l!ie the con\-C'lIiCIlCe of the 
Delay :\0. [ circuit. group in appl ica
tion. A 5-\'011 posili\'c-gate \\'avcform, 
corresponding to the delay internd SCI, 
is available at. low impC'dance from a 
coaxial conTll'CtOt' all the fro n t, panel, so 
that the deby intcrvtd ('lUI be ohserved 
on an oscilloscope over the untit·o range 
of deln.vs where Ihe O.l-,uscc sync ]lltlS{' 

may !lot be visiblc bCt.'allSO of its brief 
durtltion (Figure 3b). Thi . .; w:weform, 
with a ncgati\'e polari t.y !Ind a 60-\'011 
magllitllde, is provided on the reilr p::I,II(>1 
to drive nuxiliat·.v pulsl. ... gcnem t ing equip
ment such as the Gonoml Hadio TYf'~: 
t2J!)·A Pulse Amplifier. III add ition 10 
this gate \\' :wC'f<)]'!ll :l noon iud icalOt· 
lamp mouiwrs the prcscllce of t he De
by ~o. I sync pulse. 

DELA Y NO, 2 CIRCUITS 

'I' ll(' ;;('('on<l group or dda.\' circuits is 
ideniir{ll in principle with the first 
(Figure 3) . It lacks onl,v the feat.ures of 
bigll :lCCur;lC.\· tlnd resolutioll. The delay 
refcrCll(:C \roltage is pt'odded by :l -I " 
single-t.IIl'1I pot.cntiometer wHh tl. 1'l.'SOlu-

••• 

fillu,. 5 . Fun.tio nat 
dlogrom o' O.toy No. 

2 dr.uhf . 
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,. 
'. 10,. ... 

n..,i"9 m",k ..... "h COINe 
""I •• '" 501'0-c 

O.I"Y No. 2 SYNC p~I •••• , 
SO! .. .." 60/,'0<, 70,,. •• 

Flgu •• 6. Coincid'nu .i .... 11 ... ud for multiple puis ... 

tion of I pan in :?OOO. and til(' tll'('UI'IICY 
is 3% ('\'C'I'ywhel'e O\'er the six df't:HIr
ranges frolll 0.,5 ~SCt to 0.5 SCt.'ond . 

The nction of this ('ircui! ('1111 bt' in· 
ilialed ('iOwl' hy the dircc.'t sy nc pulse or 
by the sync pulse of til(> first delay cir
cuit, so 111111 the dcla.v is eitiwr ('ollem
rent with thl' fi rst delay 01' i:s lniliat(..'(i 
after the first dpiay interval. It ilhould be 
point('(1 Ollt hem thaL ".incc the dl>lay 
circuits can Hlway:,; be start ed coJlt:ur
rcn tly, the first. mol'C' accurate dl'la.y 
l'ml be lIsed to calibl'fltl' lIw SiX'ond. 

Output!; from the second dela'y {';rcuit 
lue similar to those of the first: A .3-volt 
positin gat<' and, marking Ihc cnd of 
the dclay into:'\"\'31, :1 20-voit O.I-,..scc 
tHll!;(' at 03-ohm impedance lcv(>l. 

Whcn the fwwt.ion switch for the 
st..'<:ond duiay circuit is in "coincidence" 
position, 

1. The delay g:lt ing circuits arc 
"tarl('(i after lh(' Delay No. I sync pulse. 

,... 2, Thf' Dt·by 1\0, 2 s,vllc-gellf'l'atinp: 
circuits arc COIUll'('tcd to]w tl'igger('(1 by 

DECEMBER, 1 951 

th(' action of fLll "and " rircuit. 
The ":lIld" cin'uit requirl'S the simul

tflllCOIiS cxistCll('C of the Delay i\o, :? 
glltC lind fln l'xtel'llully applied pulse to 
p\'o\'ide a trigger fOl' the sync circuits. 
Photographs of thC' gate and output sync 
pulSC's nrc in Figurf' G, An over-all photo 
of It precision delay-genom,ling s)'stem 
involdng 1111: Tn>E 1392 Tim~D(>lar 
Gt'J1('r::dor und th!' Tektronix ISO-A 
Timc-:'.\ark GC'ner:Hor, as a source of 
cryslal-eontrollt.'d lime-('ohct'cnt syn
C'!lI'onizing pulSt.-'S, is shown in figure i, 

Since til(' shortest durat ion of the D<.. ... 
Iny ;\0, '2 gate has b(l('11 set nl 0,5 ",sec. 

it i,~ pos!'ihle to selec t a si np:le pulse from 
:1 timinp: pul;:.c Imin whose fl'cquenC,\r 
m!'!y Ill' as high as 1,7 :\ Ic. Prccise J-,u.s(>(' 
steps of delay arc easily obtlinablc LlsillJ!: 
!he Tektl'Onix ISO-A 38 It crystul-{'ozl
tl'oll<.>d time-murk geHcl'3tol'. If tho gull' 
prodlH'('{1 1;,\' !he Dclay 1\0, 2 eil'l'uits i1i 
made IOIl~er than the int('rval bct\\'ecll 
tile timing puls('!'\ from the marker gell
('mlol', a group of pu l:';Cs .... ,ill be prod\l('{)(J 
at t he Delay (1.'0, 2s,Vuchronizing-pulse 
!efmitllll (F iJ!U!'(, (i, (e) and (f)) , The' 
m:l ximum I'3t(' at \\'h ich pulses cun be 
produced in the burst is to some extent 
u('tcnnillt'(\ by th(' ampli t ude and Z'I8(' 
! inl{' of the t.rigger pul&:S p!'ovidNi by 
the timing SOUl'Ce, T he pulses ]ll'Wuccd 
h,Y til(' Tektronix ISO-A , for example, 
will typieully pl'Oc.lucc a 200-kc hurst, 

DELAY LINE CONNECTION 
[II addition to the delay-line conn('{'

t ion dcs('t'ibed undf'T' Dela.y No. J , till' 
('olll)('clion shown in Figul'e 5 make;; it 
possihlC' to deb,v the No, 2 sync puli'f' 
produced by coincidence. Thus. with till' 
eomhiu[Ltion of Il precise coincidence cir
cuit und thc passi\'c line. it is pos."iblc 1.0 
gellcl'llle delays up 10 several hundred 
mi(','os('(;Olltis, :\.('ruratc to 0.01 ",jo\('\', 

HC'rc, \\'(' should injt'('t 011(1 wOl'd of C:lU-
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FlliuroT. Pr-d ol o .. lim " I1 ..... ollnll .yolom , conololl ne 
01 tho TYIM 1392· A Tlm .. O, loy 0' " .. 010. ond thl 

hklro .. b Ito-A Tlm .. M..,1t G . .... a tor 

lion. Timing ~(,'U'rfltors lik(' the T ek
tronix ISO-A d(>riv(' tlll'ir low('r fre
QuellC)' outputs hy f{'('(ling (,8('h puls('
divider circuit from th(' lI('xl hight:'r 
ord(,r diddf'r. Sill('c t 11(' t ri~gt.'r pulse ha.<r. 
:l. finit{' and som('lI'h:H \'lIriabh' rise time 
(del}('nliing upon lhl' lmlldwidth of thc 
di"'ider ill,'olved), thf're is:\1I tll.TUmtda
t icm of delay I.wtwC(>1I pul.ses within the 
timing chnin. (One l>os ... iblC' usc for thc 
Coilieidcllf'C cirelli! ill the Tn.: 13!l2-A 
T imt. ... Dehy Cent't'ntO!' ill, of ('oul'sl', the 
removzll of t hill df'lny. ) In onll'!' to m:lke 
the s leps of <I('I:l)' produced h.v t Ill' co
incidence system f'Xlict Iy COrrl .. '('t, some 
delay mu£;t be in~rtcd in the PJltit of t he 
high-frequenry pul$('S,' or tilt:' error must 

be measured and subtrflcted from thC' 
delay readings . 

T he delay line ronnect ion shown ill 
Figure 2, in which t he 0 to 1-,IISt."e line if< 
conllet ted direetly from thC' inpllt lenni
nnl to the liue output h'rmill:l l, is a l:;(1 
lLsdul in m3.ny ways. In t h is "!l>w, Ilu' 
lin(' \\'ill pass whut('vel' Wtl\'l'form i!-; 
available at the input terminals, T h;:; 
will, of course, make I hc input. impl>d
ance of t he illstnLlncltt C<l u:ll to the im
pedance of Iht' line al ahout till' 2,,)0-
ohm level. Alt hough the ;;im plilie(] 
S\\'ilehing of F ip;u!'(' :! docs 1I0t so iudi
eate, the eleett'Onil' portions of l ite Tnf; 
13\)2 arf' still OrWnl l i,'c. One lise fur the 
deby lim' in this rOH ZH",tin!! is to permit 
a check on thn delay Jl;t'lIemlcd in 1 hf' 
inpllt (' ;rCliits, Th is d('lay is Zlomirmll,v 
abou t. 0.12 ,IIs<,'I.: b('I\\'('I'll a f:1.<;t. dri ,·i.lp; 

pu l;;;e ami Ii din.'ct sync pu liIC . 

THE DELAY NO. 1 
AMPLITUDE COMPARATOR 

T he amplitude cOm l>:l.I':'llor ul)('tl in tht' 
Delay ~o. I eiz'cui! is n('w' and ('el't!linl,v 
uscful ('1~wIWrt" so it will he des('riul'('l 
in sollie dcttli!. T his ('in'uit WllS d('Si~n('t1 
primarily for O])('1'tl 1 ion at rf'pel ilioll 
rates higher lhnn those at which til(' 
comparator described hy li oltje' will 
opemte and for ns great II dynamic 
range. 

in the T YI'E 1302-A, the 1l1nplitude 
comparator will operate at. rates tIS high 
n.s 300 kc and over a rnnge f!'Om 0 to 
120 volls, rt. lutS the additional uth 'nll
t:lge of !\ vcr,v h igh inplil impedance!l! 
both s ignal tl nd rcfel'('J)('e t('rmi nnl8, '1'111' 
complete circu it is r-howll in 1;'igllZ'(' 8. II 
is conven ienl to vi('\\' the circuit HS II 
bistable mul(i\'ibm tol' (\'-1), in which l\ 

differential amplifier ( \'-2) repl:lc('Io! the 
usual shunt-tu'm rt.'S islol'S of t he cross
coupling network. T ube \' -3 i8 a Cllrrcllt 
source fo r \'-2 tilld is only ncce:;smy 
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• 
when the maximum d.I'IHlmic ra nge a t R 
g il'ell supply \'oltage is desired. 

The cireui! OpcratL'S in the fo llowing 
m:lnn('l': Suppose initially tlw.t t ht' !;igIUI! 
voltltf,!:C' is morf' Il(l~a tive than til(' rcff'r
ence vollnge, thell the CUlTcn t through 
Ihe lcft-h::wd side of \ '·2 wi ll be IMS than 
that in thl' rif,!;hl, [llld t he grid \'oltage 011 
r· [, 1{'fl, wi ll ho mol'c posi tive than \'-1 . 
right. Y-I, 1f'ft. \\"ill hf' (1Il. Thi . ..si lual ion 
will pel'Sis! lIntil thl' )'cft']'('IlCC llnd :;ignal 
voltflgt':; lH(' ('qual. At t hnt pOlut, t he 
grid wlit:)g(.'S of V-\ would he t'tllUl! if it 
\\'f'I't' 1101 for' tlw ffll'\ that \ '- 1 is It bi
Slavic usinp: /In-R,...! ~Uld the platt· I'C

SiS\ltlltt', HI" uf r-1 as c ross-coll pl in,g" 
]'*.'8i;; IOI':;. lIonce, at cqu:ll 6'Ticl vollagcs 

OIl \"-2, \"-1 will rCIll!lin :;lnble a" in

itially, 1\011" , as t he grid of \ '-2 is I'fi iscd 
flUOV(' the 1'1)1'('1'(' 11 (:(' volt:t)!:e. \ '-:!, If'ft. 
cOlLducl~ mul'(' hC(lVily and , h,v Tlw difTr.r
ential COIlIlI,'ct.ioH of V-2, \ ' -2, righ t, t;OIl
du(-t~ i('s.'; hl'f1vil,\', AI low fl'cqur.nci(·~ 

the ~flin to the bistablC' grid!; is' : 

1\ = Il~ 
ria + He 

/lml olliy !t sutricien l voltage needs to :l])' 
peal' on thc bistable grids to ca tlS(' the 
histahle cin:uiL to switch, The increase 
In grid voll age On \'- 1, right . red uces the 
nmOlllll by which t hiR lu be is lwlow 1.'111-
otT while the decrcasing volta~c on til(' 
left-hand grid of \ '- 1 in crellSt.'S its plfitc 
vl1lJagt' hy 1 1 1I:~ gain of this sid" of Ihe 
flip-flop lube, It is t herefore the left
hand side of the uislabl,' going ofT which 
p]'imnl' ily contributes to the switchillf.-t 
nclioll, 

The h~'stcres.is which the ci rcuil ex
hibits aL the l,'Tid of I he ditTeren tial sec
tion is controliL'([ by the magn it udc of 
t he excess grid \'olt:tge of lhe ofT flip-flop 
tubc, This quantity is dClermim,'(1 by 

OiC ~M8EII , 195& 

the CIUTCHI in th e d ilTce'cllLial amplifier 
and, sincl' this UUlTCII (.. is "eL by V-3 , a 
wcll-;)]abilized flt:tge, only vcry "mall 
eXt'L'SS \'ullages II~I he tolerated, Typi
clll YHhit's of hyst{>l'csis for the c-in:ui , 
shown in Figure 8 :11'(> 10 10 lUI) m\', 

.. UI addi tional ach-:lIItag(' of this tir
clli t. over a singll}-cnded design i;; ap
parent at this pOinL The ci rcuit is hal
!'\IlcL'(1 with n ,"SIx.'C1 In uhang('S in plate 
('wren\ caused by helnel' \'oltagc flu l' tu:t

tiOIlS, Drift of t lw triggcr V()It:l~I ' 1,\' lth 
line-vol tage ch:UlJ!,:(.'s is r('(hll'{'(1 byah(lut 
an ol'd cl' of lIl:tgnitude I}\'(']' mol'l' ('011-
\'C'ntirJlI:llsingl('-Clldf't1 dcs ign~, 

The action of the l'in: lIit :It high (I'{'

QlIencics is morC' cnmpll'x till\!) 11I:lt de
sc ribed :\bo\'e, Space wil l 1I0t penniT a 
detHik-d an:tly"is hel'{', hul the limits 011 
pCrfOl'llhllll'C are clcal'. T hl' cros~;.{'ou

piing cap:t c1tori;\ will C:lllse the loadi ng 
of the d ifferellti!!l ampli fh'r to increase 
until, nt very high fn-qllf'ncies., the 
lo:td will 00 the plate lOad I'l'Sistor":, Il[., 
and Ihe flt l'a,\' rap,:wilanccs, Compllr:~tt)rs 

for the megacycle I':lngl' must he bui lt 
with a dirTer~ntial amplifier capnblf' of 
attaining h igh g ... and will. of COlIl'Sf', 
Jlave lessened !len~itidly, 

F]g ..... 8 , F ... ncllonallc"'e ma';< diD9.am of 'he ompll. 
, ... de compara'o., 

~-------- r- - '" 

,., 

", , 

.~~ 

"'/·,·,o---C L.-.-_--r'.' _.:l--' -~.~,,1 ••. 
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GEN E RAL RADI O EX P ER I ME N TER " 
For hij:(h-fr('{luC'Jw.\' OPCI'!\I iOIl, I') \'cr

shootf> ot lilt' ~rid W(L I'(:f orin dll{' ! II ! he 
flip-flop s witrhinp; act ion !;hQulli be 
climillnit.'(1 both by r('{ilw! iUlI uf the 
cros.s-t'Quplin~ (,flJ)fl ci!o l~ u1t(1 by the 
uppljml iou of positil' ''' and uC'gat iv(' p:rid 
dam I)!;, In the tlllit dcsill;ul'd for the 
Tnt: 13U~-A. tlH~ flip-flop doc" nOl drnw 
grid currr!lt, so only a 1I('II;Ul in' damp i ~ 
llB{'(1 and , ~iJLc(' the input waveform is 

IInidil'C('lion!l1. uuly olle claHlp is llC'Ces-
5tH.r to itlll)J'ln'C' ret'overy timc, 

Some chtu'aclel'istics of the compara
lor use,lI in thC' Time-Delay GClIer:ltor 
an' shown ill Tabl(> I. The h,vsleresis of 
thifl unit i~ of the ordel' of 0, [ volt. 
1'111' di/TI·t'e!ltia! amplifier is hClltC'd with 
J'cgulated cll.' hoth to minimilf' drift I\'ilh 
ciranginl!; litlP \·o1tagp and 10 reduct' the 
hUTn-jittC'1' in the delayed signal. T lw 
pl'll~enc'e of lh(' de !'et!ucef! thl' rfft'(:ts 1)£ 
200{, of ,,:u'i;lIion in litH' n;\[age to all 
1'1T()I' ill df'b,1' of I part in to,OO() and aids 
in atl:linilll-( lhe spl'{'ilit;'d jill!'r figurc of 
1 pllrt in 30,000 :It t hc WOI'SI. (J iltc!'S 
low('r than I par! in 100,000 hu\'(' b{,(,Tl 
obs~·t'v(,(l. ) On til(' 1 to 1\ illS('(,' rang(', 
Ole TY I'~: 1392-A has ('xhibitCfI an llb
suiut(' aC("l1I'acy of dcby of beUer than 
0 . 1 ~ 0\,('1' pl'J'iotis in ('x('ess of a wcck in 
continuou~ operation. 

APPLICATIONS 

The Tn'l': 13t1:l-A clln be. applied fllly

II'hem that accurate dl'h,\'s al'e desi1'(.>ci , 
(' iOwl' fol' the pr~isc mellsuremcnt of 
delay 01' for its p:cnenuioll , I ts range of 
Ilvllill1hle d!'by plus Lho fllct t h:11 it can 
br> I riggNcd by :llmost Ull," sort of signal 
f; hould ll1:lkc it all acccp t:tblc range cali
bl':ttor for rada!', ;;otla!', and mdio navi
)l,"utioll f;VI;tCIl1S, The (,~.u;c with whidl the 
time of OCCIlJ']'Clll'e of the Dela,l' Xo, 1 

sync call be ll1odul:tt(.'(i renders it an 
idenl dl'\'it'e fo!' the ~imllbliOIl of a 
"Ilois,l'" utI'get. The langeI' 1':lllgcs of 
dela,\' and the p!'csclH"e of the second de
h.\' Il'i I h ils a.s,<;(){'i~tlCd gat c sigtlal should 
make t in> Tn'E J 39:1-,\ :l VCI',\' useful tool 
for physiological ncr\'(~ .. tl'an.'!llli,'1sioll 
;;tudies, 

Tlte 1Ii>e of t he eo iucidencc ci l'cuitr), 
has rn.'()n dt"l;l'ril)l'd in detail in councc
tion with the prQ(:esf;ing of coherent sig
It:![,., Tili;; system lHI.S lIuothcr entil'c 
lif'[d of appJical ion in PI'OCCssitlg f;ignals 
II'hieh arc not cohcrl'tlL COlluting. l ime
\'ernier nwa..<;urC ll1I~nt~. and the produc
tion of parlial ('oherence i){'twccll other
wit"e incohcrt'nl sign:ds arc examples of 
these llpplicl1tiuns. [n the \:ltter applicu
lion, fo!' ('x:unp[p, colWr('nt tone bmsts 

in the megucycle range have bccn timed 

TABLE I 

E'RROR A 7' fi "we DE D.! Y TEST C()NDITIONS 
,--~~~ 

( \ ) Tempemtul'c tl':.Iu"jcnt. ,OOjC6r C, 
~~~~~~~~~ 

(2) C' hnn~ing !;IH,(,P )!;('uCI':ltinj{ and 
e!:.mping tulw, hH) tub~ ~\'[f'('\('d 

for U\'l'J'Il~l' dc-viation !lmolLp.: 2,'1 lot. O,l.j~ (worst tube , I;j% ) 

(3) (,h filll!;iJ\~ :lmplittldt' \'ompamtOl' hi-
:'l Iable· t \LIll', ,\ 1'C'I':\p.:1' d(>\' iation in 10 
tu\ws ~[ccted 31 mndom, ,2P7o (worst lubc 0,3%) 

(4 ) C'hallginl/; ampli1ltd(' compflrator 
lull(', ,\ vcmgl' deviation among 10 
tube s sclet.'tl't] at J'[uulom, ,H% (wors t tube 0,0% ) 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



" 
by fCfXliug til(' high ft'C<lllCtlCY desired 
wilhiu thl' burst to the coincidence dri\'(' 
lcrmillal~ and tlH' burst rc<:urrclwc ntte 
si,e;nul 10 thl' PH It driw~ tNminal~. 

:-)pf'l"itil' 1I!WS an': 
t. Clllihnd inll and pl'cClsioll swccp 

dchty for o;.ci lloflCOpCS. 

2. Hilch .. target "i muJator. 
3. Sonar targ«>l si mulator. 
'I. LOrtUt I'f'N 'i\'ed pulliC lIimul:iIOI' . 
5. firophysi('al echo ~ imubtor. 

Ii, Prl'{·i.siQIl puiSI' limer u,,<-'(I \\" jth 
em TYI'~: 121!} .. A Pu lse AlllplilieL 

7 . 1)('1:1), :\111 1 p:a(> simni!"tlul' for lise 
with (' [('1'lrunic ('(lmputing system:> 

used with Teklronix ISO-A Timl"-:\ Inl'k 

OECEMBER , 19 51 

GClIf'r'a!Or 10 produce jitter-free pulses 
of I.:I'Xl>lal-colIlI'O[Jcd accuracy for nll,v of 
nb<I\'(' applitalions. 
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SPECIFICATIONS 
INPUT SYS TEM 

Inp", Slg .. ol , 
Sill'" W"V(', 0.1 ,'ult nll~. 
RqU.lLr.' \\",\.\'(0, 0.:1 volt. I)I'Hk-tl." '.I4'"k. 
P ulllt, (m·)(ath·t· M 1 ~I~ili\·(o ) , I volt \](,~Ik. 
AI' or J,', ilipul Irigger thr(o~ho!, ':(Hllm\ 

1"·fwi,I,·d. 
F ......... cr' de tQ OVi'r 300 k(o. 
fh .. . 0 .101' (I nput to dl,.ct .y .. e), 0. 12 .:1:0 .02 ~:"'('. 
Oi"<1 SY"c Pu' •• : 

Ampll1ml'" 15 vo!!"" or ll\OI'1', po~ili "(o M 
"'·guti",'. 

Dur;'I ion, 0 . 13 ± .02 1'o'l''C. 

Im,,,,>t!fllIl"(', 93 ()hm~ or it'SiI.. 

OH"'" NO. 1 
O.loy 110"8" ().. 1. 1 8('(' ill ""-'VI''' rango"'. 
"uu.ocy, ] 1'-'11· ...... ].1 ,;/',. ran !!;", ± I r;., "f dial 
... ·,I<lin~; (1-. 1 1'0 ....... r,,,,!!; • ., ±O.OI ",-,('(1. 

Sioblity: J itt" r, ] :30,000 at wun<1 
Drirt, 1:10,000 wilh 20':1, Iilw VlU'i:l_ 
ti'm~ 

R •• ol .. ,lon: ()..l 1'0.;0'1', OJx)'1 I'o-.rec 
1 I"l('t', 1 11('(' ]:RSOO 

0.101' 0". $y"c: 

Lt'll/ll; 11.1:<'1 di n! lif'l'UtIWY \1, 
(j()<"~ 

5r~ nt dut~' r'tlil. "f SOr;, 

Dllrnli" .. , 0.1 ±-0.2 ... ~·Il 
AmJllihnll', 25 vIJII~ ur mur", J1"~iti\'T' or 

'"'/.;"'ivl: 
IlUp.>t!n!l<'{', 93-vlull out,)ut iT1lpt'(ial1llC 
~I,,"ilot I,,,mll 
M me. I'RI-', ()"I 1L"if"f' rlu~e, 300 k,,; 

I ........ '( .• 1.1 sec range, 25() kll (At 
I ",","'Ul, 

OH" Y NO. 2 OR COINCIDENCE CIRCUIT 

110"8" 0.51L;w~' I" 0.5 ... ..., (olix dcc:\ll .. rlll1l:'''')' 
"'ce .... ocy, ±3r~ of lli ,t) rt'tlIlillg. 

S,obllily: J ilt-'r. ' :20.000 
Lilli' Drift , 1:0000 for 20% lic1l' 

dl"llge 

R •• ol .. tion : 1 :2.000 

0.10'1' 1w. Sy .. c, 
11 .1:1 ....... '1' ±O,02 ,.,we 
20 volt ... "r 11111IY', I)(>i>itiv(o <1r lu~g:\tive 
{l3 (lhm~ 

\\Im.it"r 1 ~'1 '1l" 

0 .. ,1' Iorio (If'Cll: Full 1IC1lii', 11'89 limn dial 
' ... ·I·Ur.lC)' at 00 .... ;, duly ratio; Il(ltlolll (I f $0<11'. 
It_ than dial rll'<'lIr,w), lit 20% dul y rntio. 
M:Il,imum PRI-', 300 kc. 

Colncid ... ce: 
I"Pllt, ' ...... itivl' or Ilt1."1ttivl' pull!(', 5 vo\U! o r 

",'j'r 
Input fn,(]Ul'I1CY, I CpollO I.i M e Ifor s illglr· 

1',,[;\1' ;WiNI ion) 
[n pul pul'il"' riS!' !.inlf', .1 jUII'<J or ICSI< lit 5v. 

!>ow., Supp'y , 105 \(. 125 lor 2]0 lO 250) \·o!Ui. 
6(l.f.oO <'y,·If'"'<. ISO Wlltl.d lit 115 WIll!\.. Pm"j'r t(~ 
''''pl'\I·I,· "m :!f'.i'J" "ith(or z...wil'1'ITYI)I' CAP· 
3.') 1 or 3-win· (T yp.' C,\p·15l Power Cord. 
Tw.,..win' l"(lrd l!ul,pli~ .... 1 

Ol ... . n. lo .. " {I " I!) lI: 12 i""hC!:l (nu:k mount). 

Ace ... o,i .. Suppll. d : Typi' CA P·35 Po"'cr Cord; 
''.I'''"' ,,1..;0"'; tl't;t It~ld; " Type Si4-C58 Cable 
Conn('('WrK. 

N.t W.lght, 35 l )Ouuds, 

Code IVord Pric. 

1392·"M 
1392.". I e ... ch Mod.l .. , ••.. , •. . , , , , •• , •• , .• ,'" , •• 

•• loy. Rock Mod •• ,."" • • •••••• , ••...•. ",. 
$91$.00 

91$.00 

U, II, I'Mftlll No, VH8 ~r,7. 
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GENERAL RADIO E X PERIME N TER " 
2-WEEK DELIVERY ON ALL GENERAL RADIO MONITORS 

FCC Type Approved 

Th Typ* 1184." hl."ilion Slolion Monao •• 

With the continuing trcnd to higher 
techni('al standards in broadcasting. a 
monitOI· thltl bflrcly meets kxlay's 1"0-

quir('mcnb~ is likely to beeome obsolctc 
too soon to give good vIlluc. GCllcm] 
Radio ;\Iollilors nrc <.Icsil(lIcd beyO/ul 

t()(by's usc. Thus protected against 
cllrly ohsolf'S('crH"e, these ncw instru
nH'rUs promi,,(' IUlly-term value that f!lr 
out weighs illil ial cost consideration. 

Xuw is an exeellenL time fo r stn.tions 
whieh have moved Or" nllticipate mO\'inK 
or modernizing to purchase monitorill~ 
equipment. 

Geller·a] Badio Monitors express a 
wholly new concept in Illcclmnicnl de
sign {hnt gin'S COII\'cnience never befor4· 
attained in lin inSlr·ulllent of this type. 
Ev\"!"y opcr!Hion in the installfltioll, US<', 
and maint{,llanc{' of these new monitors 
call be hand lcd fro m tbe front. You 
nevcr n<'i!d to go behind the instrument 
rack. The monitor slides out flHd till:> 
forward and h:u·k for easy access to 
tubC'S and adjustments. Chu..~~is pin 
jllt-ks pC'f1nit a rapid check of current 
and voltage at cl" iticill points in tht' 
circuit. The unique chassis marking i:; 
so com prchcnsj\'c that most. maintc-
nance cun be pCl"fol"lll(~1 without ncc<1 for 

mere leg!!1 mirlimum rcquirC'ment<; fOl" llil instnlt-lion book or [l. ci rcuit diagmm. 

1 1'._A_A 
I I 84-A·A 
lUI · 8, 
IU1 .B 
1931 ·8 

hl""lllon '.onlmllt". Monho. Chann ,,11 2_13. 
hl""i. lon ',onl",iIt". Monito. - Chonne l, 1._83 . 
TV Colo.-Subcorri .. Moni40' ....... . 
AM F.equ"ncy D""iallon Monito •.•.•... 
A",plltude_Modula,lon Monlto •.•••••••...••• ....••••.•. 

CHOICE OF PANEL FINISH 

rec 1"yfU 
, I ~prOl'(ll 
.\ umber 

a-105 
3·105 no, .....,u'"'<I 
3·IOG 
J-107 

Code 
Il'm·a Pria 

utA";"!' $3200.00 
GIANT 3 • .50.00 
llAJOIi 102$.00 
.\IAI.AY 1015.00 
TAItIt Y 625.00 

c.".. .... J Il.adlo mack Crackle i •• \&,Illuro. VlI"., .\&n,lnN On<.heoo 10 m.tch va".",IUcr "'luipm~"1 ..... " aloo be .up
plied. 

Genera.l Radio Company 

".:"' . . .-

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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