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AN IMPROVED PULSE GENERATOR 
WITH 15-MILLIMICROSECOND RISE TIME 

The T1' I'E 1391-13 Pulse, Swccp, :md 
Timl'-Dc!ay Generator is !l general-pur
pose bhorutor,\' tool for' til£' syuth('f!is of 
pulse wlIvdQrrn!l :U\d for eontrollillg Ihc 
(oCcurrence of those \\':l,vC"forms in rime. 
The Tnt: 1301-.\ model. originally tic
~'riboo in 11).),3, \\"as the r(~lIlt of an 
('fTort to cxt(,llti the signal generator con
{'epl to lht' field of pulse mC's!<IIrt'lllcnts. 

Ikforc lhi~ time, J>ul.se gellt'nllOrs had 
u~uu.tly b('('n either cranky "bread
IJOardij" or highly specialized (and still 
('l':Iuky) ('ommf'l'cia! devices. This new 
model T(·flecls both field cX IX'ricllcc and 
:Ill advance in techno!o!t'" which brinb"S 
it. Ilear('r to th(> status of the Sl:mdllr<i· 
l'ignai generator as an accurate, stable, 
and dependable lahorntory tool. 

An ollt8tandin~ featurc of til{' new 
A"Cllcmlor is its improved pulse gcner
ating circuit with faster risc time, better 

pulse shape, and improvCtI reliability. 
Olher outstandinl{ clHlnwlerislics of the 
prcdccf'-ssor, 'i'n'E J3!Jl -A, IIrc re
taincd" 2. In P!u" icubr, the follow ing 
retainoo fcut.lln.'!> have been im
pro\'oo : 

I. The instrumcnt produces an output 
signal of O.IJ ampere into all,\' impedance 
level up to (i(X) ohms, thus lX'rmitling a 
wide choic(' of A"(,IlNator source imped
:lUce and pulSl.' amplitude. 

2. It pnxillcc'I this Olltput signal di
rect coupled, so that. pulses of any dura
tion nt. any irnpt"(iancc Icvel do not 
cxhibit rfull l>-ofT dleets. 

3. It has no dUly-ratio restri<."tions. 
4. It permits thc uscr to inject his 

own dc componcnt. 
'1·.....,.,..,Ji.g • .. , I •• .val ....... 1 1.:/ ... /; ..... C".fe',""""" 19.>.' 

'It. w .• "'''~, .'.\ \'~_I"" (;enN.,w.,. f". T,m ... o.:."""D 
"I ..... ~~rl ... "t~," GrM,..,.1 R,od'Q 1;~_'lAC14lc.. \·,,1 .30. No. 
12. ~I"y. 19.:.6, "".1_1:1. 
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Improvements 

.\ ('omph'tel.\' IlCIV principic was used 
in the de:<igu of the til- t'ouplcd !!Iu,::cs of 
the puiS(' generator :wel output ;'(y:;lcIU 
to illerc:ISC tlwir bnndwidths with!\ con· 
sequcnt retiudioll in risc time. Thc im· 
proved n&' timt· mak£'>\ thi" pul"e 
gCllerator compatible with tllC' f:\Stcst 
s t:mdanl ol'll: illU>K'oj)('S, 

A futurt' nrlidl' is pl:uUlcd ill which 
Ull' th('().-etienl illt'rl"!IM' in Imnuwidth 
for these dl'·(·oupit'tl puliw c'ir('uits will 
lx' d<>riv('d, Thc cI('l'rc:\.~ in rj';I' time is 
better than tw(}-t.o--on ..... III this illf\tru· 
mcn!. we ehollt· 1I0t to Pl"t'S.'1 for OJ(' full 
thror{'ti,'al illl'l"{'iL'o\(' ill Imndwitlth, hilt 
instead to (l\-:;igH ('ir('uits of II1('r('I"lI>I'(1 
stability nnd !"I·liahilit.\', i\(·p:ativ\ ... f(·ed
bnck prirll'ipi(,:; and r{'(hll'('(1 phIl' dissi
pntioll (most of til!' l)UiM'-lunplifit'r tuhes 
nUl at Il'~ tlmll h:df theirma,,"'\imulll pl:tte 
di!)...;;ipalioll ) make the eh:u'ucl('I'i"I1I';; of 
the pul"e (':;.'"\{'1I1 i:tll .... iILI I .... lx·nliI' ILt of t ubc 
aging tlnd lin('-\'olta,::c \'llriatiou;;. 

In addition to t.iw {,\\I'lll<i\'!," modi
fietllirm of tltl' puiS(> ~('ncmtilL" and oui 
pitt !< .... !<IC'm, iml>orl!lHI ('itan"t':; ha\'C' 

heen made in tiLl' inpul cin'uil,;, :md im
prO\'l'IllI'ut:'l it:H'I' h('('n lUlU I,· in 1I1C' 

~wildling :;,\'~/('m for l<tarling ruul SIOI>
pill" lhe InltilL pulSC', 

TIl(' thnllj(<'II in the input. cirl'uit now 
permit ( I) eitll{'r fiC or rlr ('OIlUN'lioll 
from tllf' {'xl('rnnl S.\'i"itC'rnS 10 th{' Il"if.!f.!t .. r 
cirl'lIit and ('.! ) un itdjUl<I 1U{,lIt of lit{' 
triggering thl"~hold \ 'oltngt'. Thif\ in-

""0--+----' 

_., _. 
' .... 

_ ..... ... ..... _ .... ..... " -_. _. 

Figure 2. View of gene rolor and powe, oupply, 

creuses the adaptability of 1 he instru
ment in Inbol'f1l1Jl'Y syst{'IllS, since the 
scnsiti\'ily for brief pul~('S call be opti. 
mized, the input cireu its e:m be galt'(l, 
and solne range of phu.,;inl( for slowly 
wtrying waveforms c:m b(> had. Th('S(' 
possibilities urc explored further under 
Input ('ircuits, 1)('low, 

A change in the swih'h wh ich rout~ 
the "start" and "SlOP" triggf'ring ]llll~ 
detcl"nlilling {hco dunni!)11 of til{' main 
pulse has hf'l'n made. With thill new al"
mn~emcnt it is po!'sibll' 10 mix ilth.'I'
nally produced pulses lI"ith pul!'('8 f.!ell
cratre by oll t~idC' s .... stNn!! 01' with ptll~ 
produced by the in pu t and dda,\' ('in'lIit;; 
of the TYI'E 1391 ilS{'lf. With t he 1)IIi!w 
limN] by bOlh (he IrOrmal ~,\'.slcm and 
thl' df'l :l .... cir(,uils, til(> U!'<'I' tlUt pl'odu('f' 
nn :ll'(,llrntdy tinwd dOllble pulse, If e:-;
!('t'lInlly ~cneml('(1 pul!'(!:: Hl'e mixed with 
thos,p pnKlutcd intcrnnlly, multiple 
pul;:('s 01' ('\,cn pulses ha\'inf.! diffel"f'nt 
rep!'lition ralt'S \\ill I){' pl"OdlicOO by till' 
pulse-generating ('i rcuits, 

Flgu,e 3", Sy~Ie'" block dlag,a", ~howlng ",al" 
eireuil .o"P$ and Ihelr 1n .. ",onne.Hono. 
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, 
The newly dcsiglll'ti pul.s~.·-~l·nt'l':ding 

r circuits permit some ::: impJ ifit:a \ ion of 
t he power-supply cil'cuit!'),. Alung lI" ilh 
the chnngcs llf'l.'f'SS:l I'Y for t llfl new cir
cuitl'Y, thCSf'l cnium l'l.'(,ti fiN'; UHf,.1 ill t Ire 
power supply h;l \'C' bl'(>l1 replacl'l.l ,dill 
:<ilicoll types, reliult illg in a I'C(\JWI ion of 
volume "I..'(lui !'L"\ fOJ' t:(lml}QIII.-'llts :Iud 
permitlillg a t'cdudioll in the height of 
the power supply p:lIlel. 

SY5tem 

The TYPE 1301 -H Pulse, Sweep, and 
T iml.'-Ddar Gf'I1Crut OI' (Figul'h\ I and 
2). as ils lengthy 1l:\Il1e impiie:<, is:\ com
lIillation of thrC(' in>itt"llm('lrl s in one. [ t 

('OIlSi;;t 5 (Figure 3) of II pr'L'I.'i:;ioll delay 
gCllc rator, :l &1\\'·100lh SWCf'p gl'lIf't'atul', 

alld n pulse I!:CHCI'alOr. A \'(' I':<alil l- in])11l 

(' ircuit is illdudcd. whidr is (,:1pa1)I(' of 
dri\'ing tIlt' thrf'C Clll"1" l ':<pOJldi JI~ J;{'JJ('l"llt

ing l'irl"tlit ~ at all.\' I'l'CIllTCIlCt' ra Il' fro m 
1.(']"0 to tit f'i]" maximum l:npnbilitil's. TIi( ' 

timinll: w:1.ycform to sct the I'H F enll bt' 
8iw:! 11':1\'1':>, 8qunrf' wa ves, or p ul5(':<. :lHd 
it can be prov ided eith('r hy a pNindie 
f<ignal f<ouree sUt h !l.l' Ill(' CCIll'ral Bad io 
T\'I'~; I ~IO-C l -nit H-C' (J!wiltatll1', 01" by 
a ull(}-shm , 01' random, ehaul-!:c ill \'oltn~t' . 
• \\tcl"llat i\"elr, [Ill out pu t. s igHal f!'Om thc 

llOf'UlUO( 
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gCllel'ator call UC fed back into the inpu t 
terminal to provide a timing pcriotl set 
l)y till' ill\('I 'lia l r il'tuils themselves. U&:d 
ill this \\":\." , t he instl'u mcll t is a sclf
contailll'(l timinl( 1I:('1I('l'atol' of good ac

curacy (lnd $!nhilit.\', 
T o pnH'idf' for t hi! utmos t. ill :tpplica

bili lr. mall," iHJlu t amI outpUl i('rmillals 
:lIld Swilebcs pt'l'miL illtcrCQll llCCLioll of 
til(: m:ljol' units :lJnOllg thcm,;cI Vl~:-\ :md 
1(1 nnd frum t' xtcnml eircui Lry, These 
l'OllllL'I.'liolJ:'; Hnd switching llrc s 11 0\\'1\ in 
Fi~lIl'(> 3 aurl will iI(' disnlssed in COIIIlCC
lioJ1 wit h til!' individunl circuit groups 
hdo\\", 

Input Circ uih 

Tlw input cirCllil" (F ig-un' ,I) pl'O\'idc 
11 u 'iJ);l-!:crilig pulse to initi:1l.c t ltt· artion 
of 1 1 1(~ \'ariOlls ("i rcuiL syste ms comprising 
duo ~Pltl'l":tlnl", TIll',v ah;o providc:t mns
It'r f;'yllchnmizinl! puIS<' 1.0 synchmlli1.c 
()tll('!" <'t..IIJipnwrl t wit h lhe J);cllf'ralor. 

Thf't\(· \I' i~g{'rinl!: ~i~rHl I ,; ar(' !learly in
"a l" i:)II1 ill slope and dUJ';ltioll , II"I"(';;P-('C
li,'(' of Ihe s lop!' allt! arnplitlhk of the 
dri,' ill~ t'ii l!:lIal. 

Tlw Illl\\" iJl[llI\ swit ch :w d de thres hold 
l'olltwl m:1ke it pos..:; iblC' to &'h'tl I'It hcl" 

posit in'-/-!:oing or Ilc!!:at i "l'-going port ion" 

,o. 
O~IV[ 

.c:: ___ ____ - - -------- -------~-

Fill'''. 3ft. Timi"1I diall.am 
10. tile cam ple'e sy".m . 

1_ OIRECT 
~ fIIlGGER 

IIII1£CT 
SYHCH 

III AI~ 

~"' CIIlCUIT 
OElAY 

'1i~~11 
! 8~}~' 

O(lAYEO 
TRIGGER 
DElA'I[1I 
SY~CH. 'I SWEEI'2 

~ SWHP 
II! GUE 

I
"~ ~~ TRIGGER 

,i'! STOP 
.. TIIIGG(JI 

·I~' "'= PULSE 

~~ N[IO. 
<> PULSE 

l_~~!:!. - -

, 

r o .• ~S(c...J r 

I 

--<=- -<=-
~~, 

'-T;(II\/AL~ 
OE\.·~D -- ----, ,L , i , I 

l , l 
, , 

I I l , , , , , , 

TI II[ 
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GENERAL RAOIO EXPERIMENTER 6 

FIIiIU •• 4, Block .. loliJlom of Ih. I .. p .. ' ci.cull •. 

uf Ihl' input fti,!.!; lI:tl 1(, Irigg-I'r the "yn

(·hronizing ('in'uit", 'I'hl' ,'witch ('ouples 
t Il(' in pu t ~i gll:l l cillwn iireNly or cnpaci
lively to the l riggt'l" "ircuil8, and tht' 
t hr(', .. lwld ('onlrol "l'k'Cl;;;, o\'or a limiled 
rall,!.!;('_ the actual \'oltU,l!;(' at \dlil'h lill' 

trigg( 'r· ('ircuits will fire. This (·ontml «II_ 
ali les Ill{' US('r 10 opl irnize tIll! scru,;ith-it.y 
to illput !luiSi'S of eilh('l· polarit .... and 1.0 
ini tinle the trigl;:cr at vohllgcs (,OIT('-
1':1}()llding prL'('iSC'ly to the zero crossings 
of [lny lI'3.vdorm. 

The (;0\'(' •• photograph illustrates a 
uniquc and important f('atnre of t hc lIew 
input. I"ireuits. Th l' input (·ire'uits thcm
sclv(:-:) S("·V(l :L.'l :1 vcr.v I'Ricicn! "and " 
gIll illg (·ircui!. wllieh ~-!lll, for instance, 
be U!!(~l \0 ])I"(xlu('1' 1)1I1se I.mrst fl . Another 
'j'YN: l:l!ll GCllcra tor {or ally u ther dc 
(;ollplr\l "oun:,' of pul>l<'S, fo r th:l t mat ter) 
is con!l('t,t{'(l to t he input IC'rm iual :s ill 
addition to til(' normal dri\·ing ~ignal. 

Tht' pro(';;l:tllhus added l·:UI, depe ndiug 
llpon its poln ri L.\" , l-i tlJ('1" (,Ilublc OJ" dift:lhle 
OJ(' inpH t d!"('uil. Thi~ Olll'l·:Hion permit" 
th(' (· ,m::;t J"W·liorl of VNy ,'ompl('x l iming 
SC<lucm'"" like purt of t hose shown on 

___ -' •• '"''c'"'"·"'~~"'_ __ . " r D£LAY 
C"'C UIT 

o l'D£LAY 
nNe 

'"' ! 
SWHP T~'GG[!I ""':'" 

L-,=",-->, SW~T( H • DELAnO 
DIRECT OfLAnD UIGG(II 

'--_____ TO ' WEEP 

CIIIcu,r 

Illc eo\'cl'. ill whirh, fur example, a 
"n'l'l ical" blanking Ill~l cstal lI"ill aul.o
mnti, 'ally illhibi l the fonnatiollllf ;/hori
zonl:l l" ~.\' rH"hl·ollizill~ puIHe><. 

Delay Circuits 

Th e diret:·' 1t·i~er illitiuh',. Ihe 0l)em~ 
t iOIl of thl.' de!;l.\' cir-cuits (Figure ::;) , 
which norrnnJl.\· proou{"1.' Ihl' dl'iayoo 
synchrunizing pulse :"il an uccur:lIl'1y 
controlled lime aft<lr t he d irt'ct sync 
pu lse. This t imc int('n 'al C:lll b<' \":\I"ied 

~" r:' ":;~ - -,. .... 
-..." , , ., 

tl.") f ill .... 5A. Btock 
dlolln,m Df Ih. d.IDY 

ci •• "lls . 

(Al>ove) Filii"'. 5B. 0 .. 
loy_cl •• u il Ilminlil . (Top) 
Colndd. nn cI .... 1t •• 1 
10. .. .... mor ope,olio .. . 
leellt.,) M"ltlpl"p"r .. 
limlnlil. 18oflotn ) 0.10, 
circuit u •• d 0 0 " prl 

div i ..... 
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, 
from 1 microsecond to I second by Ihc 
to-turn dcluy control and the 6-decade 
range swill'h, with all absolutc nccu m cy 
of delay relative to the direct sync pulse 
of bet tcr than ±3% over the cntb'c 
range. Th(.' usefulness of the 1 -~&'C-to-t

second delay circuiL is illl'l'('Hscd by the 
3- to tOOO-~scc coinddelll'c gate system 
(Figure ';B). Throu~h t he U::)t' of this 
ci rcuit , multiple pul~. prctisioll dela),s, 
and accurate ddaY-t.'ircuit calibmtion 
can be I1ccomplh,lwd. Thc 8imilar cirCliits --,..... '"'''' ---, ... t.~,y .. 

lOvt>o .. 

--, , ...... , .. 

fIg .... 7 . BI.d: dlc,gr.", of ,y".on fo< ' . .. . . al' ng Ion. 
b .... h . 

of the 1392-A TimC'-Deiay Generato r 
wer(' di:;cuSSt.'d both in theory lmd in 
applkn tioll in the Dccember, 10.)8. E'x
pcrimm/cr. The systl'm , 1Ihown in FigufC 
5, brNtki> down the various function:; of 
ftatillft. f;W(lCP gClIl'nttiotl , runplitudc 
I'ompnrisoll, and fl'set of thl' gating cil'
('uits ill sueh It \\.:ty that lH'elltll.C·.v, sta
hilit .... , and resolut io n tlrc al1 a. ....... urcd. 

One cXlimplc of the \'cl'i'tnili ty of t he 
dC'lay system is shown in l~ip;un'll Ii l\llcl 

7. Thl' uutput pul<;e is macl" l'ohl'rl'1I1 
with a hip;h fr('(lu('llt .... to prodlU'l' IUI\(' 
bllrf;t~. 

Sweep Circuih 

TIll' prima1'y fUllction of the swe('p 
1((,1I('r:ltor is to time t hc pu isc both ill 

fl, .... 6 . Coh ...... 1 
Ion . ...... h . 

(0 ) 'lOO-Ioc signat 
10 _ke b .... ' .-. 

Ib1 1 - Mt li g .. al 
1G-kc rolO. 

Ie) 5_Me IIg nal : 
no'- I ........ d 
<tossloll< I .. 
k.,. •• ; nol. 
0100 ob ...... 
of swlI.hing 

tran.i ... h. 
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duration nnd deby rdfltive to the direct 
!'Yllchronizillg pulse 0 1' till' d('laycd syn
chronizing pulse, eithcr of which can be 
uH'ci to stm'L till' $Wff'p til·tuiIS. The 
sweep-generating (· in:u it s IIi'. shown in 
Figuf(' S cotuiisl of al.islablt· gate, " hoot.
stra.p," linefll' I'WC('P l'ircll il , ampli tude 
compara tor, and rt'l'i«ttinJ( circuits. The 
Ilui'ih-pull. lineur, 5lIW toot h produ('('d by 
t his p;roUI' of t'irt'lIit~ is fl-d at 13.:)-\·oIL 
amplitude thruugh ;:oolating calhod(' fol
lower!3 10 ouqml terminal;, for u"!"' with 
extern:ll :;yslel1lll. Po:;iti w' and negalive 
gate pulsc!' t.:o rrt>:;ponding in lim(' to the 
~tart arid t he sl tlp 1 im~'i> of II,e ~\\'rep aro 
alsu pl'ovided at I)utpu f It'l'mimll ~. The 
dUl'ntioll of tIl(> 1'i\1t'('P it> llominlll1.v 3, 6, 
or 12 #o/-<:.et:R with a fi\'t'-de('adl' multiplier 
so thal th(' IOlJg(~t l\\\ ~ 'l'p ill U.I:! SN.'ond. 

Pul se Timing 

TIU' sweep cirtuila dri n' the pulse-
liming c ircuits \\'hic,h (:mnpri~(' II IMir of 
:unptitude COrnIIM:L i ~ )11i 11&'(1 10 1It 3rt :uld 
to stop the output pul:;p. T Ill' prilll.;ipl(.'s 
of pulse tim ing arc $ltown in Figure 9. 

~~E~~ 
~n 

Ill, 

- ~~~·.~"~~l~~t1~b .':11. SW<to' .'_f 
fig ...... alock dio"om 

01 'WHp tI .... Us. 

T"'_~ IUtC •• ~ __ j~-'T 

If..at 'OO 

, 
• 
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GENERAL RADIO E X'ER IMENTER • 

The pulse-timing amplitudc-compari. 
son tir('uits Ilrl'" followoo by triggcr.form~ 
ing ('ircuits which produce hil!lH"Pero 
pulses to Mart and filo p the pulSf.' genera· 
tOI". Betw{'cn t.he !lmpiitudt. .... compnrison 
cin'uits und tbe trigger-forming circuits 
switl'hin~ is im.iC'I·ted 10 prO\'idc: 

(1) Normal opcmlioll, in \\'hich the 
Rll'tpiitudc com parators dcla.v the pul.se 
and tjnl(' its dW'lltioll rclati\'c to thc 
swC('P as d{'S('I"ihrd abO\'c. I II this posi. 
lioll the trigg<'r pul.~>;, \\·hil'h correspond 
to "st:lI"l" and ">1101)" time, are fl-d to 
front·plulCl bindin.!!: pOJ';t,slubeled "stnrt" 
and "stop," rl'>lpet'tiv('iy. 

(2) :0. 1(':111£;. to start auel stop til(' pulsc 
!(enl'ratnr using externally generated und 
timed flignllis. 

(3) For the addition of boll. int£'rnall.v 
produc'oo lWei {'xternally p;ellcratcd l im~ 

ing signaL-- to slat·t and f<top the pulse. 
Thesf' thrf'{' pos,,,-iblf' methodl' of driv

ing the p.llse ge.lf'ral illg ('ircn its con tl"ib~ 
lite to the versutility of the in.<;trumenl. 
In normal operation. thl'" s tlll" t~[\tH l~stop 

trip;gt'riup: puls('!; availahle fit tb(' tri/(j(cr~ 
puIsI' output tf'rminnls ran he used for 
makitlg: time nH'af<Url'lIlt'llts in c'xtcl"Ilal 
systf'ms, for dlN'king flip~f1op ,·<'wlutioll. 
eh'. In (2) aho\"(" Ow application of an 
cxtl'"rnal >:ip;nal \\' ilJ permit the pulse g(>n~ 
em tor to 1)1' orK'nltcd at rail'" far in 
cx{"{'>\i'\ of the 2.JO-kc mnximum rqlt't ii ion 
rat(' l'{'t hy till' :3-j. ..... l'C· 8\I"('('p in till' M'lf
cont!\int'{l timinp: 1iyf<tl'm. [sill/( a Gl'll

eml Badio TYp~: 1330-.\ BridJ!{' O:-eilla
tor (10 volts at 3 :o. l e) and Tn'I> :n·I ... '-'SG 
Deln~' Lille,' for ('xample, it is possible 
to proou("c PUlSl'S at t'epctitioll ratcs up 
t.o about 3 Me Cl'~il!;ure 10) . 

With thc pulse triggering switch set 

fill ..... 9 . Blo~. d lo,.om 
01 p"I •• tlml", olld 0 .. " 

p .. t ei.<"i •• , 

ns in (3) above, allY number of stjll"t.-and~ 
stop pulses call be i!ll]wri mposoo upon 
thol'£' J!:{,Ilt'rfl.tN:l int£'l'Il:l.lJy. As a p:lrlit.'u~ 
ku' eXlImpl{· of this appl;c':ltioll, t lH' g('n~ 
erator bL'<'omcs n useful tool for gell('mt~ 
iug pulsc pairs,' B .... addition of tIl(' di~ 
I'ccl and delll.ved synchronizing pulses 10 

the intemally produrro timinK plll~>: 

with the nNwOl'k l'ho\\"u in F igure 11, 1\ 

douhle pulse h:H"inp.; the fo llowi ng char
acteristics can oe produced: 

l. First. puls{' duration, 1 Jl.SCC to 1 

sceond. 
2. Dcb,v between first and Sl'Cond 

pulsc. 0.25 ~c to 0.1 !iccond. 
3. Dur:ltion of s('cond pulse, 0.025 

Jl.Sl't' to 0.1 s{'Cond. 
Pairs of pulses produced by this method 
arc shown in Figul"c 12. 

Pulse Generating and Output Circuits 

A simplifil'll schcmati{' diuJ!;l"1lm of the 
newly de:;igncd pulse J!;!'IH'ntting ami out
put eircuit is slro\\'n in Fi~lre 13, The 
circuits comprise a bist11bic mull i\'ibra· 

'I' . I) I ... "·j,,. H. )1. F'~lier, ".\ :\C"· THOC "f \'",,"hl~ 
Ik~'~ I.inp."· r;,~_j If""-i" f:zl>rr;",'QiU, \ ',,1. 3 1, :Xo. b. 
(let"I ... ,. W:oII. 1)1'· t~" 

Figur. '0. Pul.u 
01 high •• p. litlo" 
.0'''' .. t •• nal.im
Ing. 

(0)0. 03 /J- I.C 
pul ••. 3.3·Mc 
'iml" l1 .Igllol. 

(b ) 0 .4 " • • e pul •• , 
• _M~ .im;"g 
olgnol. 

(e) Pul... .im.d 
by Soo.k< "11-
1\01. Di. eel alld 
delaye d .i". 
w,." •• al 
STAIlT ond 
STO P tuml4 
nol,. 
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r 

r 

, 
fl ..... ll . Add-
In .... tw.,k 
fo. ,.. ...... h.1I 

.... I •••. 

.~"",,-_____ ",\'~c-____ • ,. 11 START 

OW,kED 2O~r"::" __ 
~t- • STOP 

'OO ... ~IH]o. 

"T 
lor', IIlJ'u'lt:x1 und stopPt.'t.1 by 111ll1llJ!; 

I'lli&'!>. a pair of puiS<' :lmpiificrs. lind lUi 

lJuq)Ht stu.f1;(!. Th" output ~ta~(' cOIH~i5ts 
of a pair of push-pull ()r).,)() twam tubes 
tiriw'n by:1 pair of 6;\ \'5's. The ci r('uits 
from th(' bistnlJlc muiti,-ibr:Hor onward 
tift, push-pull RIllI dirl'Cl-couplt'(l by 8. 

unique method in which the los.~ in gain 
dlllTacteriBtic of the COIWC'llt ion:\\ de 
\'oupl ing methods is climirmt(·d . '11;8 
nell' coupling system uses high-J.! tdodcs 
a" t:urr('nt SOll T('CS, and m:\kcs praeticnl 
an illcrea.~ ill bandwid th of about 3:1 ill 
/I ('irl'uit like that ill Fip:ure 13. Tlli!! cir
('uit call be viewed :l$ a vidro amplifier 
flat from dc to :lOOul 25 ;'1. 1(", 

.\11 ;;l:~C.'li. indudin~ the output tubes, 
work well below their maximum enf hode-

fI,u, . 12 . D.ubl. 
pul .... 
(0 ) F I .. , pul .. , 30 
..... e; 30-.... u d.loy; 
... o"d pul .. , ~ ... au. 
G." .... ,or 1.11_llm.d 
",10 k<. 

(b) 'Iu' pul .. , 1 ..... c; 
1 ....... d.IoYI .. <."d 
pul .. , ~ ... au. 

currCllt m~d plntc-di~<;ipaliol\ ratings, 
and nil stap;l'''' in the "on" stat{' Op{'rlll(' 
well iute, 111(' III'p;ati\"e grid region, IlndL'r 
s('lf-l)ia~'(1 {'ouditions, pl',·mit ting 1 he 

~11\"iliz:\tion of plate CtilTent duri",!!; the 
lift' of tbt:l tuhp. The f1..'j.-,o Quq)UL IUIx>s 
"lIpply :~bOlil 1.>0 mn to the v:lrillhle 
"0111"('(, r('$i~tori! J1l"ross which the pul!le if! 
produ('CtJ . 'I'll€' common Imnsmis.<;ion
lill(' impN.iallt"cs of 50, i2. !).t, 150. and 

FI,u,. 11. ~Impn".d ochmolie 01 Ih pull. ,."orot
I", <i,<u~. 

fI8ItUAItY , 19~9 

GOO ohms are provided internally, and 
ally imllOOnncl' lower than 60Q ohms cao 
be obtainl'(l by the connection of nn ap
propriate resistor ill Jl:lmllel with the in
ternal I"l'Sistor.;. E"alllination of Figure 
13 ;;;hows that the' pulse of \'olt:lgc d("
"eloped ncr08S t hcs(' resistors contains :~ 
de COmponent which is lIegativc with 
ri!!oipcct to b"TOllJld Ill. thc output termi
nal". Only by prCSC'n'ation of tht> de 
component can pu.Js{'S of long durations 
at 10w-iIUIXldanrt> Ic,·ds Ix- delivcrf'd to 
the olltside world without detNioration 
of waveform. The de coml)OlIcnt. call be 
changed over about :\ ± 5O-,,01t mll,R;c 
by the addition:lt the dc-illSl'rtiOIl bind
ing post of cithc-r n rN;istor for ncp:a livc 
tmnslalion ur a de ,·ollage for pos.itive 
trallshlion. 

Pulse nmplitude calliI(' cilall,R;oo ovcr a 
decadc mnp;e by uS(' of th(, built-in step
ll.mplitudl' control switch. Thi8 8\\"itch 
reduccs pulse amplitudl' in tell steps. 
Pulse amplitude is slahilirod against '.1\
riatioll~ or tnllll<i('nts in lille \'oltllgc. A 
2070 chung£' in line vol tagl' will produce 
no v isible transit'nt ill either pulse shape 
Q'. durntion, and only a v(' r)" .small long-
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GENERAL IAOIO EX P" IIME NTEI " 
term Yf/.riation in pU\!SC amplitude, which 
is dUI" I"lItirl'ly to cMhode temperature 
\'Ilrilllion with ht'alcl'-supply voltage. 

Figure 14 consists of unretouchcd 
pho\op:raphs of Ollt Pllt pu lSf."S under vMi
ous conditiont>-o Careful examilultion of 
thM;(' pictures for thl' chnracteristics of 
.. is(' liml', u\'~'n-;hoot, alld flatnCS!! will 
l'OIl\'{'Y a hcltt'r' fccling for the O\'l'r-:111 
quality of tile pullil'ij prod ucc<\ by this 
gf'n('l"atOI' thall c'rlU the worus 1lSt.'(1 to 

des("rihe them or their spcdfic.-atiolls. 
The reader should lIote particularly Fig
ur~' II (C and D) \\ hich !lhows tht' plIl~ 
applied dircc.,tly on the dcfic-cting plates 
of II Te'k tronix 511 Oic illoscopl' turd t he 
1':t IlW pulse Pil88C'd t hrough the' .l:lj fd-C 
pluJ!;-in unit and oM'illoscopc Hmplifrf'l'S. 
With the 5.35-I-C plug-in unil Ihis os
t'i lloscotx' "ali Il rnte<\ risc time of 1-1 m~ 
&''l·UII(\S. 

Sum mary and Applicatians 

!"incf' thl' '1\ I'~; 1301-13 is s!lch 11 gell
t'ml-purpose d('vicl', it is very diflicult to 
mal-;(' u t'ompll't(' li~lillg of applications. 
Tn the rc-n<i('r the applications to his 
work will probably be obvious. 

TIlt' following 
spccill.lbo;('(1 appli
catioHs 1\ ill h(>lp 
to c-mphfl.<lizl' the 
vc.nml ility of I his 
new p:('IH'ralor: 

f lsr" .. I . . .. "! ...... .. 
fo ..... ; <onn ... lon. d l-
redly '0 doft ... lon 
plotoo of To.lronl. 
54\ O .. llIolco,.. . 
(0) 5()..~.. . p"I .. ; 
scol. 10 ~ .. </c .... 
(" ) O. S-~ •• c put •• ; 0 . \ 
p.uc/c ... . 
lei Mini ... "... pili .. ; 
0 .1 p. •• c/ .... . 
(d) 0 . 12 .. ).'... pilI I., 
9 " fl _ ... lnollon, 0 .02 
).' .. · /c ... . 
(0) So .... pili .. a. In 
Id), polI.d .h.o"gh 
...... Icol a ... pllfl.. of 
o lcillouo,... 

I. eSC of the input circuits as nn 
"and" gate, in which one gcnemlor Call 

produce bursts of pulses from tUlothcr. 
This possibilit.y is a mply showll on the 
fron t. cOl"er. 

2. The delay and coincidence circuits 
eun produce pul~ <'31>3ble of limin~ 

bursts of high fr('(lucllc}, l'olJ{'renl Wilh 
:Illy frClwcncy within the ~c.llemtor's 

specifi{'(\ nlng(' of PHF's. 
3. T he lincnr Sl\'(''el) produc(''ll nt tht' 

sweep output INminals cnll be u&'l..i te) 
produce n multiplicity of pulses, nil of 
indi\'idutllly v:lTi:\ble dumtioll und dela:,". 
lise of t he amplitude compnrut or dl'
scribed in the J tl. IlUMY, IU5!), F:.r:.l'ai
mellter is recommended. 

4. Sim'c the pulse output circuit CUIl

sists of a current sourcl' and load resistor. 
the currents from scveral 13!l1-B'8 cnll 
~ ndded to producc fI. yery (''Olllplex 
w:tYCform without t he usuaJ odding dr
cuit; aJ!;Hin, 1I0te the front conr illustra
lion where the complex waw·fom1 dC'
veloped by four instrument " !IJ'IX'a rs 
llCross lhe land resistor of olle instru
ment. 

5. On ly the rcsolution of the hi!llahle 
circuit in the pulS<'--,I!;l'nerator lLW'mhly 
cstnblishC'S an upper limit on lhe !"('peti
lion mtc of Ihis unit. Ry tIll' U>Ie of 
externally timed 81:lrt and stop pul!';C!', 
or whell the pulS(' is timed by :Uly nthel' 
external dcdcc, the output puh;c ~l'l\

emtiu,l!; circu it. ('UII he dri\"f:~n :ll repeti
tion rates :I!..H"J"t' 3 ;\ Ie. 

6. For thf' testing of hip:h-spced com
puler df'\'i('~, RIICh ItS flip-flop,~, ('\'1.'11 

where t hl' dock rate is in the me,l!;3l',v t'\1' 
range, it is lI~wlll:,-' the pul;;c-pn.ir r('!<OI\I
tion which is of interest. The hrief st arl
stop pulS<'8 USf'(1 to time the mn.in puli'!' 
can be continuollsly \raricd from t'oinci
dCllcctoO. I S('Cond apart and form f\ usdul 
pair of signals for such resolution test ing. 

- n. W. FUAN"K 

• 
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SPECIFICA n ONS 
, ...... , Sy"ch, o";tin , 5Ig .... I: Si !tnlll~ ,,{ 1IlmV"t fll'y 
"Iml)!' w.lIlrigll:(·r ,h,' il1J111t l imi!!, l"ircll;t.~. 

1 Y1,,,·,.1 luput sl!f1\fll minimum :lIllplitudf'll 
!I n ': 

( I I i:ilUt' "'!I\', ' 0. 1 vI,II. rm~. 
(2) Hqunrt· Wlln>;; 0 .3 "'lit, JIf',.k- tn-pCl.k . 
fa) Brid 1)I».;lh'(' pul",' \,0 " "II , 1~ ·!lk -'(\... 

1,""-
(4) Irif'f nf>glllh'(, 1l1l1~' 1.0 volt, p" uk-to

I-,.·"k. 
;0;" ilrh f"t II_I' "r d-(' inpUl lind triggerinll 

th "·~I!flld '~.ntNlI~ ,."'. Ilro\'id,'(1. 
Dt ... , 5y .. d ...... lIlnl P"I .. 

I\,larl l ~·-".,~jli"" nmpli tud,': 75 n,J~. 
Durnlit>n: (illllllpliluch' l i ,,>('('. 
Oull'UI Irnl.", .. bn'i·: COO uhm.~. 
n l",,·lil iClt. R a ll': t\mpli tudf' ''''IO~ I :'''1 In 3(X) k,,; 
,II\\\'II 20' , ,, ' 5(X) kt-, 

n ", .. O. 'ay Ci .. ,,1t 
U",')tl-: 1.0~· to 1. 1 ;ji", ' in .. ix r:mk'''''. 
1),,111,' Dial ClllibmtiQII: 1.00 ,,, 11.00 ;n 1000 
dj\· i~l()n~. 
Di·l:\v Di l, l BI"KIlulio ,,: ] ]}ilrl in 8800. 
A""litl"')": Abl!<.!lu! ~·, :::I:::2<~ (If fnll ~ •. " ,('. or 
±3' ~ of ""u1(' tl'lIuinl[ + 0.051'00;('<", II" hidll'v.·t 
'" brw'r; ,no'I1'IU('IL!:!) d.'lny. :::I::: f1 f'~+ .05 J'o't".). 
l\Iu",imum I'R r : 400 k,·. 
DUl Y ilullo l~ff,~',",,: 1,,'SIi than 2 '1 ... rl"(.'t ill 
I\t'by rOt uuly tllliOil up 1o GOr; , nt IIII' low 
"11(\ ... r ('I ..... h mngi', ,Inti up In oor} li t t h ... hil/:h 
"ud .. f ... ""h rllll l[l'. 
o,-.lll~·t'll HVlldlJ"Q"i~illJ( Pul .... • C lmr.wlf'tililiC!l: 
Po..[Iiv(', r.o v, I .{}.. .... -.I('(, h:J.\f-:uu plitutlf' dUTil ' ion, 
~hm 1·.uh ... I, ... ftlJ)owf'r o Ulput. 
~t:.bili'y: 

1'i l11O" .I ill,'r 
lO r; I,ill(' Chil"~" 
~UlItICII 10"; Lim' 

Tl,m~jpnt 

fAIC Emf fl igh EII« 
(>/ D i(l/_ ~(II _ 

1: 10,000 1:50.000 
2:1000 2: 10.000 

3:1000 3:10.000 
Co"dcl.ne. Cif . .. i" 

Gilt" DurOI'on: 3 t,) l(l{t() I'-.... 'f". 

(;:11" A'·l'ur:1'·Y: ± 15' ( or :::1::: 1 ,...."'«', .... hidwvt'r 
i~ bfjl,·r. 

C"imid,'",'" t1rivi,,~ I'il"!'uit wilt 'W:N.'I)! ,'ithi't 
po"i'ivl' ur III'I(:lIi\'" i"llUt I'u l", ,,,. ~ur''(' im
IM"(I,uu'l' "hould III" low, IlW{' ri""lilll{' l,~ Ihllll 
0.2 ¢'rr. Arn"lilnd .... 111'lwl>('1I 5 nnd 20 volt., 
11tf' r \l·I~ 'ptl.hr. · fur 11I1C,Hil'(' pilI,",,,, •• lIId III' t .... · ,'t'1l 

10.lIId 100 fur p,,~ili\'" !'\LIB.,.,. 
Swu p Ci,e .. i' 

:-; ..... l'l.·I) Duration : 3, 6, 12 ~., ..... ·it.h r",uP" ud l' 
IIlnhitJlit·r. 
~""'~'p I.hl,·nri, y: I)t'tc·tmiru'd by till' ",·c·uru,·y 
"f I'ullll ' thnill jl.". On 101l1l""r r :I1l!t(>;I, ",,' hl'tf' flm,· 
delnv "ffl'('t.~ nr" :Ib ... 'ot, ,I", lilw"rily i~ Iwrtl 'r 
th:uil C'(. 
:' ..... ,~.Jl i\ n11lIil UlIc>: I'IL<h-lmll. "nch l,hrLil ', 135 
\"I')I~. nominrl\. 
f'uI11lld .... Fol1o ..... l"r outlJUI, h.f hl<"ll'king 1'.~ I.:II·r-
1"1"». 
~w''f']I Onte AnlJll itud,,: rn~h- I)ull, "II"h I,h.\:!(' 
10 \·lIh .~ l10miunl 
P(",Hh·e ............ 11 g:1l!' Ii' l'"thod t'- Iollo,,·cr ou l]l1I1 
tin'ui t with n h.f f'(llIpliug c!lJ,,·witor. Nl'glllive 

sltt,· 6 a ml)lificr oulpul. wilh I -uf ht(){'kmg 
ClII)~l"ilor. 

Dul~' R"no 'Ind Rf'IJl'tit;on Halt' Eft"I't'!,,: 
Mltll 'lllum ... ·.,..·tit;"" rl1l1', 3-1UI" (> s ..... '>('I', 250 k l'. 

flllJlfII' 

8w .... ·" 1'illll" I x, ' 
xlO 
)( 1O~ 

x '0' 
)( 104 

P .. I •• O' .... otll.1 CI« .. I, 
pul ... · I)lIr"lioll : (1'im;'t.! I,y "wl"('II) 0.025 to 
2.5. 0.05 III 5.0. lind O.Oa 10 10.0 l>I'hn;!'1I h,IIr 
:111>1.il il llll<· poin~..: .... Ith /If''',,,lr' multipli('f!! to " 
maximum "f Iw.OOO ~" •. 1'111",· ('"n hi:! elC
t ~fl d f:U lo l. l ft ... · .. )11d .. if pul"" i" tillJl~1 hy d ,'lay 
(,lr" II It. 
I'll) ... , DUT:lli<"In Ar(' ur:w~': Aft,·,· ~""l~'Jl i:lIlihm
l /l)IL . ± 1C;:: of dinl ro'H{Ulllt " r ± 0.02 ";' /iSI'f' 
,,·hil'IU'VI'r i ~ lll(" )urjtt'r. 
Pab.· Pfl.~ition A('l'ur,u 'V: 0.5 ~'f' ± 1% of 
dinl rl':ltliujt. . 
Pul.-.e R iJ.Ic T inw: Wlwl"<' tht' 10M IlLCs is 
l1f't[:liF:ihll' with ....... ~I 1.0 1.'; )( 1(t9 Ilt-'( •• the 
rl,... time will !.M' fnst(-r tha" 15 ml'i!(>('. Hight'r 
10lld impcd:Ull>("1I or hi!(11I'r ~hllnt Cs ..... ilI result 
III inl'~:IliCd rilll' lillll". 
Typil'nl rill(' 1iml'>! ill mW'et· :If'l' II" follows: 

60 n t,·rlll;nll.h ... i 
fJOO 1/ ""'i lh 8 ""f 
"'~I'iI1,,,,,"f)')<" p ... lh'·1 

P~i(il'f' 

" .. lM 

I'UI.1(' 8hllll(': Ovt'",h()"I ~ IIn,l (I11wr d"fl'(;l i> aT{> 
It'llii thau 3 r i. (Jf ]JIII~I' 'UIl I,IL t nJ l' wh.·" l lip ]lull!(' 
I(l.' nl'miOt i ~ ('Qrrf·t· tly "·rmin"Il"'l. P ul.ow tllmp ... 
off d lM.'Ii ttl)t I'xbt. o ... i"l>: 10 dir .... ·1 l"Oupling of 
!'luI IlIIt f'irr n ilft. 
Pub~' Dll ty Rlltio: PU,oh-l>lIl1 {'iro'uil with u n ity 
/lul ~' r:llio 1'0 ..... 1.11.·. 
OutPlit I mlM.-d :ull'~· : 50, 72, fH, 150, GOO ohlnll 
:111±1O'1 . ' 
Output I'u""· AmpUIII",·: l50-ml\ Nlrr{>nt 
Mlur~'; V()II:~I' fnull 1'11/·h ])h:"\tO(' of I)\l>"h ... pull 
r h,mlwl, 0 .15 Zo ±20' <. 

1'Y1)ie,[ n(,rnin!\llunpli'\ld,'~, 50 u hll l.'l, 7.5 v; 
72 Ohll\~, 10 \.: 9-1 "hm ... II v; 1.10 ohm.~ , 22 Vi 
1;00 ohm", 00 1'. 

D ... C Cornpon.n"n ..... lo n ' Hil,uu'g p.~t3 providoo 
for thi ... JHlq}('!>{'. DC I'IIIl I .. , mnvl'(l ± 25 l'l)l\i! 
for "II OUIJlut iJJlI Il'.) ilrwL' f'~'~'pl (j(I{) ohms. 
A« . ...... i .. S"ppU.d: l ut"tc"H'ttl>(: ti n l{ 
T\I·.: CAP-J.5 1'1I00','r Cord , 2 T"I'I-; 
ClIhh' Cono/'f'IM", ~Jl,\n' fu."i< .... 
Oth.r Acn .. orl .. A ... oilobl • • '1' \ I·t: 1219-A Unit 
Pul,..,., Amplifil:'t for hhr:h(·r po"""'r uut lltl t. 

A« . .. ""'. ' ........... , TrigK('r !OO\lrc~'; l'rN"tii:'llIy 
"IIY 1:tbon.tllry IlIIdll:IWt of I hi' II ppr'UJ)r;lI lt' 
fn'qlll'l1(,v rrullr:l' is :uJ<'qIUUt'; Iht' Tn'.: 121{}"C 
Unit R-C W[IItltor is .... ~mm~ndcd. 
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GENERAl RADIO ()(PEIUMcNTcR " 
Tubl Compl '",lnl, Ccllt'r:ltor: 
1·5003 4·(j,\\',sCA 
1·IjBQiA 2·121Ul7 
3-6l 'S 5-5!)1;.s 
8-IJ~S5 IiAliliWA 2·5687 
3.IJAX5 I·OA2 
(i..12AXi 2-6550 

\.ljAl:8 

P VII'l'r i;upply 
1·OC3 
l-HAK5 
I·HASi 

Po ...... Supply Inpul' \05 \0) 125 (or 210 W 250 ) 
""Its, 50 to 00 cy<'l,'~, 3S5 \\'''U~, 

Typ' 

POWi'T input reN'ptacic will accept either 
z..win' (T rpt: CAP-35) or 3-"'ir(' (Tn't: CAP· 
15\ I~,w('r ('(lrd , Two-wire ''(lrd L'i ~\lrpli(od, 
Dimln, lon ': G'·I", ... tor, 19 (width) x 14 (h('igiL t ) 
x 12'2 i,,,,h,'>I (dl'pth) m'i'r·,lll; Pow('r Supply, 
19 (width) s 8 3., (h,.ight ) x 1212 (Mpth) O\'\'r
alL 
Ne' W,ighl, C"I"'r,lto!' , 30 pound~j PQ\\'t' r supply, 
li2 pound.s, 

('(>de Word Price 

1391 ·8M· 
1391·811: · 

Cobin .. Modll (ind, Po ...... Supply). , ... , EI)U'\' 

t:no:;y 
$1975,00 

1975.00 hloy.lI:ock Model liMI, Po .... ., Supply) .. . 

A NEW AND IMPROVED VERSION 
OF THE VACUUM-TUBE BRIDGE 

Thl' T YPE 5lil \'al'lIllm·Tube Bridge' 
has for mallY year,; b{'('ll til!' ilLdustt',\' 
SltlndHrd fo r dl"t!'J'milLing 10 a high de
~I'ec of :l{'('llnll',I' the !ow.fr{'(juem',\· ('0-

cfficiC'1l18 of \'1\('1111111 tllbl':'l, It mect8 the 
requircmcnts of thc I HE Standards on 

1~ 1 t'<:lron Tu bCti' and has [llso pr()\'cd 
useful for transistOI' measurements. ' II,; 
ruggedness is more than adequatc fOt, 
mall,\' production-testing uppliclltions, 

The bask eil't'uitry, de\'isoo by Dr. 
W, N, Tuttle,' l'cplucL's the lIsmd n~is-

li\·c ratio arms of 
a bridgc by low· 
impedance \'011-

age sOUl'ces f!'Om 
t.nmsfonller S('t·· 

ondul'ies. Whil !' 
phase :lnd ampli· 
tude speeificn lioll" 

'S'H,>tI"rd , on Elerl,..." 
1'ul""" ~I~thod. "f T'~I ' 'n .... \9,j() 

'0\, G, IlOUS<jUC'. "Tnm_ 
.'·'ot M ...... uteIllCn'" ,.-ill, 
the \'ROUUUl - 1'uh " 
Rr;d ... ~," C,"",,,/ n"diu 
Erp,·,i~,~"' ... , \',,1. 2. , 
1\'". 10, ~I,,,d,, 19':':1 

'\\' N, Tuttle. "Oyna1n;r 
M ..... 'u"·""·,,, of Etc.·, .... ", 
Tul ... C'oclli('i,·nl~." PrO( 
IRE, "". 21, 1'1', &I~-S:.7 . 
Ju,,~. 1933, 

Pon,l ... 11 .... of 'hi n ..... 
Typ' 1661·A, Vocuum· 

Tubl Bridgl, 
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" 
require c10S(' manu faclll l' ing toli'I':U1Cf'S, 
the 110\'('1 dn·ui t 8w:cessfully meets 1'1)

qnil'ements pcculiar to mhe and tmn
sistoI' mcnsur{'Il11'llts. T he common 
f'ler·trodc of the device under lest :md 
t he power supplies can nil be cOllllcc ted 
to a commull ~rnllnd. !IHd t he \'olt 11 l1:(' 
drop duC' to t' lcdrodc CU ITon i s is lIe" li. 
gihle. The bddgc indkales dirt'('lly the 
I'cul component uf t il£' t'ocflicicut as 
plate l'Ci>iSI~lll tC, tmnR(''Ondllc ta ll('('. 0 1' 

nmpl ificlltion fnetm, The ou t-of-ph!l.'lc 
com ponent due to illtcrcleclI'C)(ic {'1Ip:H:i. 
lance is bnlnnccd atl! wi thout nff(-(,till!! 
the renl comf.)o llcllt vallie. 

The haf';ic dcsip:1l hn;; not ch:lJlIl('(] in 
SUCCCMi\"(~ models. but til(' Jllc·t hod of 
conll<!Ctinj!: tilt' dC\'icc ullder tesl has 0\'· 
cllsionnll,v 1)(,(,11 modifiNl to Hlbp! 1.0 t lw 
growing list of tubc-ilfl:;(' types !l1Id to 

t nlllsislOrs. 
A Hell" nnd impron.>d \"c l"siulI . lhcT \"p ~; 

1661-A Varllllm-T lIlw Bridp:c, incorpo
rates many small bu t I'ignifieant fefl i 1ll"l'8. 

The general panel la.vout and the 
slopillp;-fnmt cahinct IH\\' \, bC('1! l"el:IiIl(-..1. 
The {':1billet. dl'pl h IlIlS bl.'t 'n 1"('(l l1ct.'(1 
MmclI"h!lt. but othel' di nwl1l;iUlls :U'(' left 
ulichal1j!C<.1 to I)cl"lni i t il(' lIew hridJ.:c to 
bf' mountcd ill Ihe l'O IIHO lf'i; th!lt Ill!UL), 
11S<!1"S have fouml ('ollvenient for lnborn
tory IIS(' nnd fot" ]lmdllc1inll It'f;t ing wit h 
pr{,yiotls modell'. 

Twin Triodes 

Perhaps til<' most welcome Il('W f(':I\ lI r e 

is a H\\'itdli n,l!; nrmngenwll t lhnt pe rmits 
mcaf;lIrcmcn t sequen tially of both scc'
lion" of twin triodes, twin pCl1tode~, (' Ie .. 
without the need for reeonll(.'Cl ion of 11)(' 
pateh cords. T his feature will be most 
apprl'Cinh .. '<i in p rodudion lcstin~ wlH'n~ 

formerly tll'o-SC'ction tub('8 had to be nUl 
through tl'St twice lx'<.':lllSC the pa tch
cord ('ollncctioll system II"IlS Ildff]ua t.c 
only for olle tube SI...'etion a t a (i me. 

H BlU"lV , 19'9 ~ 
Self-Bias 

Tests with S('lf-hinsi ll~ c:lthoo(' 1·(.'$i5-

t.ors in the circuit al'e noll' requir('(1 for 
sevcra l lube types, and C01HH.ld iolU; fOI" 
such tf'Sts ha.\'c hC:l'etofnre Ix,'cn quile 
di ff ic.uh to set up . In the IICW dcsil!;JI. 
the p~\nf'l ilwitdl t im! :'ie l ect~ t hc IUhf' 

5cl.:t ioll also COIllI{ ..... lS the: cathodl..'S 
10 a sy"t f' 1l1 of thl'£!(' pail''' of hindillg 
posts l hat permit the COIlJ1I.'('tion of 
sclf-bi1t.Sing l"t"Sistors to the f'C])HI"IHf' 

c:lI hod.('i'i 01" to t ill' 1.\\'0 rat hod('l> ill 

p:nalJd, 

Tube ond Transistor Base Adaptors 

111 spit~, (of the mu ltiplieity of tube ant! 
I!":lHsi;;;tot· bIl8(.o:;. thl' hridg!· h:lS b('{'J) 
kept lip to datI' rciativply si mply. Ix~ 

callS£' lUI adaptor p lMe is p ro\" id l'(l for 
e:t(·h kind of bail('. Wi th th(l adaptor 
plulQ!:ed illlO tlH' punel. t he I.u bl..' 1'1('('· 
t l'Oc!l':'; ('an be eonnN·t('(1 10 I he appmpri
ale I}()\\"(·r-.:mpp ly :wd l)l"id l!; l' ('1"1)11111118 

by mClt H;;; of the nin(- doub ly shiddf'd 
cO:lxi!, 1 eabll 's, F~)lIr jl;rol1nlic'(\ COIl IlI.. .... ·tOl·S 
hUn' 1)('l'l1 added to simplify the ~rtlund
ing of :III." I ubI..' fl'r milmls. T lu.:sc (;011-
nectars 311(1 two 111l1!:1"0I 1n d ('$i (~nllC'('lOJ"il 

pro\"ide ('011 VCni('111 anchor POi IIC" tl! Ilol,! 
lhe lll1Use(1 p:ll<'h cord s f't'curdy out ()f 
the way, Til!' p3lch cord l'l h:lv(' I)(·.·u 
lengtlicllI't"l to im;urc th:lt Ihe), will \lot 
intcrfer<, wi1h tlw {l\lv{'lope of II brJ.!;' · 
luh('. 

A llew :Idllptor pl:1t (, 1'llI'ries Ihl'('f' 
sockets fOl' Irflusil'll ors. IIC is for 

.JETEC-30 lJ11'wo l1":ll1f.1istol'l'; /1 s('('olld 
is fo r :i- or ·I-ill-Jill(' long-lp!ld t1":lllsistol"1'l 
(or wbl..'8) : the third if; fo r :1- 01' ·I·in
c'lustfol" long-Ie:ld t mn:;il'ltol'lI. T here m'C' 

n ~ l\r a totlll of tllirt('('1J udu p lo l" plilt0> 
incll1ding thf' "univcJ"sal" plate \.0 which 
IIny ll1H1SU!11 l'Ock,·\ or tube eml be wl
del"('<l. T lw ud:l.ptol" plat.('I> and other 
acees.o:orit'F! art' supplied in 11. ('ol1\"enien! 
!lc<'e:.50ry box. 
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~ GENERAL RADIO EXPERIMENTER " 
Voltage ond Current Limits 

Tiw L)()O...\'ol! limit ha..;; 1)('(!1l retained 
ru; till' maximum alloll"tlhh.' "plnh-" "olt
nge hut, 1){'(:3U;W;> of th{' growin,it li$1 of rel

nli\'('I), hip;h-t'urrl'nt lube!;, til(' "pin le" 
('urrC'll! limit has lx·m miS{'(1 from ].-,0 to 
1000milli:11ll1li"I"(O!1 de. 13ft'flll<\(' WItH' 1 r:lII

!o;i!3tonl ghow !\ fr('(IUCllcy ('[,-ct ('\'l'n at 

1000 ('-"('II'S, the redesign htHI rxlt:'ndcd 
the nl)l\mlin~ f"t'qU£'lll'Y 10 iuciudt, the 
2iO to .J()(k)'tlc ranV;(> in nddilioll to t ill' 
I QOO..cycll" point. 

Oth er Chang es 

Operatioll at 1011'<.'1' frcquclldcl> lind at 
hip;i.t·" ('lIrri'llts has 1IC("f'5Sila\ed :l I'oot'

"il(lI of Ill{' tmn;;;fol'lu('l's. l\Ingllctk 
shi('ldin~ hON b('('n improved by mounl
in" Iht- Inul.~fMlm·rs in $oL-ml'lal "hidds, 
Tilt, input lran ... formt'r hnl' II('CIl ('Iim
illI\II'<1 f\lId till' illput imppti:lI1(,c h:u; ~n 
rrolll'cd (j.j().2100 ohms), 

. \ Ilf'\\' I), .. ('ill:ltur find II 11\'\1 filtl'r 11:l\'\' 
1)('(:11 dl'sil!:lHoJ (5('(' I.>clow) 10 providc 
hoth hridg<, !>OIH'I' nud det<'Clur !'i('1~

livit,\' :It 270 null 1000 <',n'les. 
For Ihc rMiislallc{' find trIUL&'ondllC-

1 IUH'£' rnf'tl.<;urCIHCl1ts, t hCI'(>Sisl fl IL('f'!'Iland
ard ha!~ h\'('11 100.000 ohm". A paul'l 
!>1I';lth now I'lt'rmitg :l cho;t(' I)pI \\('CII fI 

IO,QOO-ohm and :\ IOO.QOO..ohm !'I1Ulld-
1In1, The 1I!>(' of lht' low('r r('f:;i~l:lncc 

, 

• 

• 

VI.w of 1101'''11'' bo., optln"d 10 t h ..... acuu ... y 
.. d .. pl .. '1 .. nd ... bl",. 

filandard iml)rOl'l'8 the St;lIsitivity of bal
nne!' and the s ignnl-to--uoise ,'111 io by (l 

fuetor approfichiliK 10 whcu low "plntl' 
r{>Sistnll(,(," or high "Irunsconductance" 
dcvices aN' mca.o:ulwi. By Ihc same 
token. for a giv(,11 signal-la-noise ratio 
Ihe range of r~iSltUle(' or trn.ns('Olldu('
tllll\'C' meru;urcrncuts is ('..: I{'nd{'(1. 

M:uI:'-' of Ill(' IICW f('atlll'C'S arc the 
dirf'Ct result of 8ugg('8tiolls from the 
uscrs of the bridge who, Ilflf!r all, firc in 
n much better l)Ositiol1 than is the in
stnlmcnt designer 1.0 (,l'IlIual(' the vir
tUl'S nlld the foilJlt'S of Ih(' {'(Iuipm('nt. 

- A. C. BOl:8QU:r 

SPECIFICATIONS 

..... 11.: Allllllifi,,:Uioli flwlor (1'),0.001 II' 10,000. 
Dynn.mie int,'mld libte n'!Ii~l!ln{'(' (rll'), !iO 

ohm~ 10 20 m~"hms. 
Tr:u'~/"Ol\du('j.'lIw(' (gal , 0.02 I() 50,000 IlIi· 

e")lnh.)". 
lfnd('r JlTOlwr o'(H1diti{)!I~, II,,' :.1)<)1'" nt!l~I'~ 

"1\11 II'" ,·x~,·,'J,~!. 1'1 ... "",.j"u.- lmrMII"h'r>! ,'1\11 
lit"" I ... I1U',l,"lIrl'(] with ,.,..,./N.'1"l '" V:lrillil. j· l{'-
m"'lIt~ ... urh lUi ~rn~'11 gri( •• "\", X,1t'''ivl' ~ 
WI'1t n ... !I,,~ili\'(' ,-"hi'''' "1\11 1 .. • 1ll'·IL/<II"..-1. 
"UUrDC~ : "ithin %2";- fur ...... i·I:111"'" Irp 
","-Ild, ,,,...-itillll ) flum 1000 I" 1,000.000 "hmo<. 
AI I"",,'T lind hi~h('r ",,111<'" Ih,' "nUT illrrr' ........... 

1'11(' ,·xp" .... iOIl I' - T~ .. wilt r lll..-·k 10 ±2f(. 
"ht'lI th(' (lunutit;N lit(' all 1O('!l..~IIr.-od by thl' 
hrid"", RIIIJ wh.'n Til' j~ ho·t\\','(·n 1000 lU,d 
1,000,000 (ohm ... 

luI>. aMI T ...... ;II .... M ...... "nll ' Adnptor.t An' 1)rQ
\ idl'd for 3- nnd 4-1t'1It! t nllh,i~'ors (iuciudiug 
.IETEC JO) IIlId fur lu~'!I (Of 4-"in, 5-pin, f"pin, 
~1II,,1l 7-pill , IIIT!!:" 7-pll1, m·t"l, 101"'1.111, min ialuT'l' 
buuoll i-pin, rniniMlITI' huttun 9-1';11 (noval), 
:If'Qrll (5- :md 7.!'inl, tl:.t-Ilrf'!' •. ~uh-lllinintuN' 
uJl lo 7 ... itl,~, lind 8·\I·irl' ~ul"lIlinll r. I" uddi· 
lion, (I Urli\"l'T)llIl 1l.(1.~l'lor, l\'lth nhll' 1IOIdcring 
hij{':, i~ pl"1lvidl'd 1!') thlll uniJ!k«-d lrllnsi,:totl!, 
UllnU)UIlt<-d tu~, or t ll lx>.L \I'ith non·,;:l:mdard 
bit;,,,,, 1':'1\ III' nwt\. .. umi rQlw{'nil'lIt ly, For 8hort-
1.-:0.:1 slIb·minifllurl' luht .... :lIId ror trflnsi::;tOI")!. 
>o)I'kf't" fiT(' ""I)Jllil'd \I'hieh ('(\11 Iw mounted on 
the unh'{'rs.~1 lulup! or. Tim;; nil -"t :md'tM com· 
llJ('r('i:ll rf'('('i\'illf!, till,..... lind tmJ\sis!o~ e8n bi' 
nwtlo<urOO. TIll' 111'1111'1 j8ck ]l11I1.e lind the !ldall-
101"11 tire mntie of 10 ... -10>13 (nlltllml) ph.-nolie, 
N'(lu rillg to a minimum Ih., shunting {'!fcet of 

I 
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" 
dil'l~tric losses on the dymuniel'CF.istnncc ocing 
nW!l~ured. 

e ..... '" .,,<1 Volt .. ". 1101111111: lol alfimum nllo\\'nhl(: 
pbl(' ('ur,,'nl, 400 nUl; mllximum p1nt.· vol! fl.@;l', 
1500 \·Qlt~. 
ll •• trocl. V ..... ,. Supply: Uall('riN Qr lIth"r ~wt
:thlp power 8UI)pi il'lt III'(-" lIect'9i>llry for providing 
thl' I'llriOU!! voit:lgl-1I It'quin-u 'by Ih,' dcvi~"(! 
\Jnd"r tc;;:t. 
arid,,, S ...... . : T \' I'I: 12H ·E O~dll:llo r i~ rN'om
Illl'ntl,od. 
Nun o.~tor : The TYI'£ 1212-A Unit Null l),:... 
1('('101' with tlW' TYI't: IDS I-E Fillpr i~ "W1ll
ml'nd,-d. 

Ty~ 

fl •• UAIIY. 19.59 ~ 

Ace.n .... ; .. SuppLi"" Adnpton :111 lis t<:!d noovr, 
1I111Wrl'SF:lry 111UI[-il1 1(':id:1. lind IIhirldNi plll"'l 
L'Ord" for .'()nnl'l'lillg gPII('mlor find d l'U'Ctor. 

M ..... 'ill, : Th,' in.,\ rUIll.·nl i" Illomlll.a in n hard
wood ('ubind. A woodl'n ~torllgil tn".\! is pm
I'i.:loo for thl' I!.dalltnr~ nnd I"'nd_~. $WTltI[I" lilia"" 
il\ pn)vidl'll for II ~P:L", t;"nh'f'I'lj.lLI liduplor, 'IIL 
",!lil'h IIny IYIW or ",wk\,t cun III' IM·rmano;.>ntly 
mOIJntt.'d. 
Olm.nllon., (iPIIglhl IiF~ lC (width) I.'P~ 
lC (hright) 11 inrh('~_ 

No.t W.lllhL, Tn'.; 1001-.-\ wl-iglt-" 40 I.1OUI1(k 
T h,' 1I~,..,ri('>l !tUPIJli.oU !\lid tho;.> ntC"e<i80ry IlOx 
" '('Igh I t pound,,-

Code II'n,d I ),ia 

1661-" I Voc""m-Tut.. &,10111 • • _ ••• _ . .... _ •• ".", •• " $975.00 

TYPE 1214-E UNIT OSCILLATOR 
The ,[,yl't: 1211-1-: L-Ilit ~·iII:l1or was 

d('!o;igllt'(l 10 Illl't't tIl(> britip.;('-:-.lJuree r('

quil"<:'Ill{,llts!lf t h(l TYPE !flO I-A r flcuum
Tub(l Brid,l!.:(· d('~'rih<,d abon'. I I i" "mall, 
... C'lf-{'onI3int'(l, 8uflki('l1ll .... \l'dl "hie>ldl'd, 

fld{'(IUU1(' in I)OWN output , nlld of nppro
print€' illlp,"'(1:1I1N' \r·\'('1. Out put is :\\"ail

ahle at 1000 c'yI'l('S umi at t he· lOll-a udio 

fl"C'quel\c .... of 270 ty,'les, whidl is de;;i)"
ah\<:' for t('!-its nil some tmn~i:>lor~. 

Like thl' other TYi'~: 12 11 {b{'illators, 
Ihis inSlrumC'nl ill(·lude:;:1 Irtlll:<fOl·mel"

It':;:; POII"{'I' !'Ilipply. and i~Olal illn fro m 
Ih(' l)OwC'I' lin\! i!l ohtained hy indudi\-C'ly 
coupling the output circuit to tliC' u~cjtJa
tor tnnk_ 

T Ile' im lX'llance levcl prC'l!('ntcc:l h.v th<:' 
TYI'~, W6 1-,\ Bl'id.'!:C' is ill Ihl' rnng(' of 

r.l-5<l 10 2 100 ohm:-:. lind till' pm\"('1" de
li"CI·' ..... 1 by :l typi(':11 TYI'E l:l l l-I<: over 
thi>i mng!! is at If'asl 300 milliwlltts, 

SPECIF ICA TrONS 
f'. "Iu. ncy< 210 ll1ld 100(1 Cydl'15 Il('r ~I'(md. 

",cc""a<y, ±2%. 
011'1''''' 300 milliwsl1s into 800 Ohlllll. 
Outp'" Imp..tonu, AJlPl'Oxillll!.t('\y 200 ohm~ st 
210 ryrlf'1l; I1PPl'OlCinlllt!'ly 500 oh lll~ I<t 1000 
('yel(',,; both 1\1. mltximum S!'ttiltll: 1) ( output 
l'(/nlrol. 
Ho,monlc D;"...,lo", 3% with 8OO-olUll lond. 

T,p' 

Po ...... , Suppl." 10.5 tv 125 1·"It;.. 50 ,,, no ('yrles. 
Pow. , Input, 16 "·lItt.< ,II 115 \'olt.... 
..eu ..... ; .. S"ppli. d , ~lmn.· fU$4'1!.. 

T"t.. Compl.man" On(' II7X1-GT_ 
Olm.nolonl: Pn,u'l, (width) 'P4 lC (hright) 5)4 
inch;'~; lI"I)(h IM·hind pS!lr1. 5 1/8 il\('hi'~. 

"'. 1 W. 'lIhl, "L.j 1")!lItd~. 

Code Word PriCf) 

121 .... ( I Un l! O. cilla!... . .•••.•••. .••. .••. .•••.••• •••• I $75.00 
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~ GENERA L R ADIO EX'ER 1M E N lfR " 
TYPE 1951-E FILTER 

The null detector recommcnded fOl" 
IIL{, Tn'.; 1661·:\ \'ttCtlum-Tulw Bridg(' 
is the Tn'E 1::!l2-.\ l"nit Xull Dl't('{'tor. 
It is ('Sti('lltiully n th n~""!it!\g(' :lInplilil'l' 
\\"ith the Hull indic'atro 011 11 panel m('t(>l', 

The t'e.ponse is qU!l;;i-lov:ar'ithmi(' , For 
m:Lximum sensilivit,v IIml ~1N:·li\·it .... , it 
is !<UggCl;l(>d !lIlH an impNianee-mntch
iliA: filter hc pinn'!-I b{'l\\"(,(·n the bricigC' 
!lnd the' amplifif'l'. For 100- !wel 1000-
eyclc opcnl.tion , the T HE H).JI-.\ Fillet' 
ha. .. proved adcqmllf'. Silll'(, pro\, jJ< ioll 

hll~ I)('('n made for 27IH'ydc opera! ion 
(If the vacuulll-lui)(' hridgC'. :1 Ill' \\" filjcr 
11:H'- iX'C1i df'SignN\ to ilwiud(' (h<:' 11011' 

fn'(lucllcy. The Tn'.: 19.3 1-E Filt<'r has 

a panel switch to permit operation at. 
either 270 or 1000 c,\'cles. Like the TYPE 
1!),l] -. \ model. it pl'o\'id~ foUl' inpu t 
conrl('( ' liQJls for optimum imlx'(lancc 
m:ltehing o\'el' t he nom inal ralll!;es of 0-:3 
ki luhm!;, 5--.JO kilohms, :)()..,~ ki lohm>l. 
and .j()() kilohms aud hiJ{hl'I·. 

The filter is :l IUII('(I circuit with a 
capacit ive VOJtllJ.!;(' di\'id<'l' to pt'o\" ide till' 
illll)(..'(/:ul('C matdlillg, T IIP inductor is :1 

toroid \\'ith perma][o.\· shi('lding, As II 
conSC(\lU'nt(', external {'ollpiillJ.!; is n('J.!;
li.'tiblt' and tlIP filte r ('lUi be ('onnectoo It) 
tht' in put of lUI nmplifier of micro\'olt 
scllsiti\'ity wit hout in trod uci ng spuriom~ 
pickup. 

SPECIFICATION S 

7'111'" 

l'U' _E 

J)oubl,' Plu,!:, T, n : 274-N K ~h i{'ld ... d 1'1111" 
T",'~; 87 1·Q6 Ad"pWr. 
Dlm. n.lon" 3 1 J :( ;jl4 X ,13 8 incill'II, o\'n·,,11. 
N., W.i,hl: t ~., IJOlL"d~. 

I f lit •• • , ••• , •.. " .. •• "." .. "." •. " •• "", I $10.00 

See these and many other New General Radio Instruments 

at 
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General Radio 
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Company 
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