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The lIew 'J'YI'~; 13tH-A PuiS(>, Sweep, 
and Tirnc- Dl'hy Generator is a pulse 
sourC'c and measuring del'icc designed 

to meet the diverse requirements of 
laboratories C1lgagcd in time-domain 
rncasurCIll('ntS,l It pt'ot:]u('c.s pulses of 

medium POu'c!" and good risc·timc, o\'cr 
an extremely wid!' nHlgc of durations 
and repetit ion rates, and it generales 
time delays nnd sa \\Aooth !lII'cepS over 
compnm.bly wide time intervals. 
'Fra"k. 11. W .. ".~ Wide IlSIl;(" P,,1I!e (;ClW .... IU' for 
l .... b.u<dH"y API'LicHt'" ... ," 1'''JC"di~~. Of Iht .\'~I!<I"~J 
Elwroni< C9'1! ... tu:e, \'01. 8. Ja". 1953. 

Figu •• lA. Pone l vie w 01 the ge ne. ,,1 ... unll ; fo r vie w wi'h power l uppty un il , • •• poge 2 . 
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~ GENERAL RADIO E X PERIMENTER , 

This in::otrulllcnt COtltuilL~, in a si ugh' 
assembly, (I) 1\ pui:'!t' generator, (2) (\ 
tinw-dcltl)' gCI1i'rulol'. find (:i ) n lincnr 
s:'Lw-tooth SW('cp gCII(,1'II10I'. 'I'll(' timf'
drluy gl'llC't'atOI' has !l I'uiiol'[lt('(i nlllge 

from olle microsecond to 1.1 f<t'4'Olldsj 
th(' lineal' HwCep gcncrutOl' produ ces 
1"uw-!ooth w!.weforms r:wgillg in dul'a
tioll from 3.0 micrOSC'('Ollds to 0 .12 
secout!. The stllrt t1nJ lit op timc.~ of 
pulses contillUOllii:ly udjustnblr in dum
tiou from OJ),; miel'OSf'l'Ond to 0.1 .~C('
ond CUll bt· preci>;cl y Sf' t ut lilly point 
ai(l llg this sweep b .... flll!piitudr· eOrll
parRtOl's .2 The pul st, rt'pctilion rale is 
f:ict b~' an external g('tlCl'lltOI', whif'h rll:ly 

hflYC almos t nlly wllveform. 
The genera tor not. olll~' co\"cn, wide 

I'[lllges, but. it produ ces it s time Ul.'lays, 
pulses, olld S\\'\..'('P~ wit h high a ccuI':\('Y 
and s Lability. H s o\'el'-ail uflcfulncss 1."1 
grcfllly enhanced by it ~ mUlly termi
nals, which permit Heel'S!; to til(' vMious 
bu.sie ei ]'cuil groupil thllt perforlll the 
Ficquential opc mtiolls i]]\'o\\'cd; and by 
its interll:1) swi t ching, which permit :; 

• T he aDlPlo""I~ ':(I"'r)&""o~ "I!ed ,1on)"~!>(J,,t II ... ;""' rH· 
"",n\ ~'" II<oI"nin triUtT e're',,<$. iN~le 3) ~'"r a 
"<.>b'lIl/)«I d ... ·,lfII!'''n. 'Del"-.I;"15 a C'H·lltt fu, .. .." .. ,''''~ 
~~'npa ... to<. _ M. C. Holtj~, . A :-;" ... (:;"""'t fO' AO'IIII· 
, ,,de C,lII'r"";"",'· O.nrl'tlJ. HIJ(/i" B"P<'n"'t~ur. Vol. 30. 
No. II, Novelli!>.,. I%~. p. I. 

the USCI' to obtain many ditff'rcn t (·orn
binlllions for optimum SOlllliol1" t(, 
paltieul:ir problem .... 

Throughout this inflll'III1\('111 timing; 
is a CI'om plislll'd by the t'olilbilmlioll of 
H-C integmtol' s\\'eep cil'tuit:-l and illll

plitudc COltl plimtOl's. T im applicatirul of 
these simple, fundamental timing sy~

tellls leads to circuits tha t are practi
cally independent of tul)/' chnl'aclCris
ties, havl' fast recon'J'y times, uHd good 
!'ig,1IU!-to-ll0isc l·ll.tio~" Addiliolllli divi
dends arc linenr dial scales tHld tlb>.ioltl\e 
accUl'aeies dependent only lIpon tIll' 

,; labilily of t he ]'csis toJ's HHd cn pncitoJ's 
of the intcgl'Utol' ('ircuits. 

III additioll to accul'fiC.\· :wt! I'eliabil
ity , this instl't]lllcnL pro\'ides the USN 
with ('onl"cniences tUld cITeds not pH .... 
\'iou:;:;ly nvuiluble in other pulse genera
tOl's" For example, It com plctcly HCI\' 
l.vPC of pu:;h-pull , hi stable pulse-outpul 
t'irtuit was ill coJ'porntC't1. This nul put 
['il'cllil provides a moderately high r'11I'-
1'{,111 ( 150 lila) illto a lIumber of iu!c'l'

nally ('ontaincd, s witched, :soUl'te im
ped!lllct,s. This balanced sy.')tPI1l IUl~ 1111 

lim it on dUly 1'1\ I io, and, s il](,C' tlw (III t pUI 
is fed dil'ectly to the pulse output 1.('I·l11i
nals, pulscs of any duration ('an be pro
ducer.! \I"ithout ramp-oIT eITeets. 

BASIC CIRCUITS 

The baRic ci rcuit gro11ps ShOll"" in 
Fig. 2 perfol'lll Ihl' ller'eSSHI'Y timilrg and 
shapiug opcratiolls. TIll' gl'oups ('on"ist 
of: 

( 1) f"put. sY llchronizing circuits tllllL 
produce a single trigger' pulse pel' cycle 
from any timing waveform. This trigger 
pulse, referred to hereafter as t he direct 
trigger, scnres as the basic timing signal. 
Lt drives 

(2) Delay circui ts capable of produe-

flg u,e 18. 'VIew of rhe comple'e Pul ,e, Swee p, 
ond Time.Oe lo.,. Genero'o" with power _upply" 
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,-----------'""," ,-illg nu U('('lll·!ttely timed dcbYIXI lriggrr 
pulse ov{'r Ihe range I ¢'cr to 1,1 ,'i('1' 

!,flt'r 111(> dircl'l t rigger. These dt,ln" ('ir-_ . -, 
('uils eomprisc: (ll.) 11 1ll1lin delay-cirell i!," 

group prexhH'ilig t1 delayed plllRt' of I = o----t="i""'-----' 
f'1i('1' 10 1 8('(', Ilnd. (h.) n ('oil1{'idcllcc .. 
s),f> t{' 1Il t'1 1II ~i.~ til1g uf:l nWtlo"tabll' g;III), 
11 ('OiIH'i ci('llCI' cirl'uit, !lt1d pul~'-fonlli l1A: 

j'ir('uil..; tn pl'lxhtt'c II dclllYCfI fol,'{ lwhro
IJi1.illj( prth,f'. Th i:; coi rlt'idt'rll'f' !;),.'it('1ll 

p{'I'l1lit,~ "lwh op('m l ioll1l, ll"i t('If'\· j,.iorl
lim' ,"('IN'lion, "t:lhilizcd delay:;, :1IIe1 
multiple pul,.:irrg of I ll(' puiS{' gf'nf'r:l.\()r, 

(;~ ) :\ lilicu l' ,,\\'I'ep I'il'('uil. produ(>illg 
a 2,')U-I'0\1 Pll:<h-pnll sn wtoot h :I\':litn hie 
ut pllllt'l h'l'millnll; aud ,·!t riahle ill i'll(' p.~ 

of :3, G, alld 12 f':;t'I', wi lh n :l-dC{'fldl' 
tnul ti plil'r to provide fol' II IIl1lxiJUlI1ll 
SII'('f'P dlll':ttiull of 0. 12 :';('('. The SW('('P 
IlumtiOtl ill ('ont inllou$ly adjulI\alrk' 
o,'er a rnll~c of '* IOcr so I hili an,l' 
I'CIX'titiOIl fJ'{'qlleuc,)' ('Ull he u:;<:d, In 
lldditiOll to t he :;I\'C('P \'ol tagf' , push· pu ll 
IO-volt gate pul&'s of sw('('P dUl'HI ion 
lire pro"idt.'(1 at front- panel lerrnimll:,;. 

(4) 1'III,.,c gcuf'nlting cirruits whose 
timiug is controlled by trigger pu !>;es 
(If' l'i vpd hy amplitude CO lIl P:ll'isOI I from 
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tlw"'I'('('11 \'oltagt"'. Tht"' Plll.<;C <IuI'a lion 
is ~'orltitltlOU$ly 1l1ll11U'('urately ad jusl
al1l(' 0\'('1' a gamut of 0,0:, jlS('C to 100 ,-
000 jl,~c(' by lhi~ Ill(' tll od of timillg. A 
1;wit(' h on lIll' front paud 

(:1 ) pro\'idc,.: lIorn1;\1 opI'ration us 
dCiwn hed, 

(b) CO]HlPI'ts lIll' illPut (If the JlulSt.,
g('rlt'mting I'in'uits to p:lll('1 tNminals 
for ex/cnlltl ('on I rol (If litn rt nnd ;;;top 
lim(',., or 

(t') 1llukl's !\\'lIiluh](, at pUllc1 tC'r

milla]s thc Bt:ll't-:wd-8t,)P trigger Plti8CS 
thut 1I00'mally ti n)(' tht' maill pI1 1:<r'. 
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~ GE NER Al R ADIO E X PERIMEN T ER 4 

Fig u •• 3"' . Bloc k diag ra m o f Inp ul 
( i. <u it . 

A dil'ect·couplcd, push-pull output 
flystcm makes the output, pulses useful 
ove,' their large range of duralious. The 
output. irnpcdu!l{,c can Uc :;let at. vniuC's 
of 50, 75, 100, 300, filld 600 ohms with 
:l. rotary switch. 

T hroughout the system l10 circuits 
have been used thai mu;;;t be r('st I'ictcd 
in duly ratio, so Lhat there is no limit 
except rCf'ovcry time on the maximum 
duration of sweep or pulses. T he ma,xi
mum duty ,'ntio is limited b,Y I'c('o\'('I'),
time to ilpproximatcly 90% of OIC 
period scI, by ,'cpetition rate. 

CIRCUITS, CONTROLS, AND 
INTERCONNECTIONS 

Input Circ uits. (Figure 3) The input 
circuits consist of un ill P ll\' amplifier, 
Schmitt cir('uit,~ pulse-forming circuit, 
amplifier. and output cathode follo\\·or. 
T he Schmitt. circuit, d rivcn by the 
djrect-coupied llm pJifi('l', in tu m cl,·ivcs 
the dil'et"t-t.riggcr pulse-fowling circuit 
to prod uce the di rect--tdgger pulses ill 

prf"s between about 3 eyclc.'i find bOO 
kilocycles, T hi.,; direct-trigger pulse i:< 
used to synchronize the resL of the ei r
{'uit. groups within the instrument. It 

"!'cl",,,,., 0,,,, F .. "A Th",mionit Tri g~,·r" Jo"," • ....... 
hOI •.• 1\1.1~, XV. 1', !'I. 

TlIoI.NG 
INPUT Ip --- ---

SCHMITT 

,. 
, ________ DEL AV 

CIRCUI T 

OS'NGLE PULSE 

~..,==~=.,-_~TO COINCIDEftCE 
MULTIPLE PULSE tlMP LIFIER 

can bc for lllcd Oll whiehcvel" zcro cros.'>
ing the USCI' selects, For sill l."- lI'(\se and 
square-wave iu puts, lhe t. rigger-gener
ating system requires approximately 
0.5 volt peak ; fol' brief pulses of eii her 
polarity, a pproxima tely lO volts. 

The panel swit.ch that selects posi
tive-going or negative-going voltages 
has positions in which the d irect.-triggcr 
pulse is fed to Lhe coincidence ci rcuit to 
pro\Tidc fo l' multi ple puls.ing. 

T he swccp cir(,uit and the delHS cir
cuiL can be t riggered simultaneously by 
the dil'ccL· t riggcr pulse, 01' the sweep 
uircuit CUll be triggered by the delayed 
syl1ehron i ~illg pulse. These two modes 
of opcrotioll, selectable by a panel tog
gle switch, make available tha delayed 
iiynchroni~jng pulse du ring the sweep 
ti llie, or, alternatively, muke use of the 
doltly eil·cuit to de.1ay the sweep with 
I'CSpCCL 10 the dircctr t l'igger pulse. 

T he direct synch ron i ~i llg pulse ill tI 

lOO-vol t, 1.5 jJsec, positi ve pulse fed 
from a cul hodc follower to :l. pair of 
binding posts on lhe front. panel. Lng
gillg slightly behi nd the dirccL-triggcl' 
pHlse, it can be US('(] to t riggcr a uxili u],y 
equi pment suell as oscilloscopes and 

TRIGGER f igure 3B. Time .e· 
.alio .u h lp i in Inpu t 

DELAY B SWEEP dr~u it . 
DREer TRIGGER 

DIRECT 
SHieH PULSl 

Tp '1. '. LINE e. f!(SlDUAL 
D4~SEe 
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, 
('ountert'!. It l'!Ul also be used to initilllf· 
the nHliu pulse when the pulse durntion 
I;; 10 he delcl"nlinoo by the dc1f1Y c:i rcuiL 

Except fo]' an inpul.-coupling ("ap:H';

lor, I he inpl1 t amplifier and the SdHlIj I t 
1'11'('11;1 IIrc d-e ::itnble. If it is desired to 
tl'igg:(']' the generat or :\f, vCl'y low nltcs 
of ('hallgc of input voltugc. the in pu t 
ellp:J.l"itor can be shorted Out. Tho 
Rl'hlll;!t ('ircuiL;s adjusted in the \nho
ruto!'y for mnximulll scllsi!;v;t,), fflr 
i;;;I1('-W(WC and sqU!lre-wlt\'" inputs. JC 
,he parlirulnr nppliral ion of the pulSf'r 
requires that it. be sensit;n' to ('illH'r :1 
j>osilin' 01' lH'gali\'c pulse of low ompl;
lude (less lh:lll 10 volts) an intcmai 
s{'ruw-d ri vcr ndj ustment penni t.s s(oj 1 illl!; 
lhe cir("uil to hI' more sensiti ve to onl) 
or the 01 hor pulse polarities. Thi8 ('on
trol CUll al.so be adjustoo so t hat the 
Sdunilt cir('uit will trigger preciS<'ly at 
either positi ve or negative zero crossing. 

WhclI thc generator is dri vcn by n 
hrief, r:lpidly rising, input pulse, there 
is n t imc deby of 0.4 pSC(' het ween tlw 
input pulr:;c lind t he dil·cclrsync.hroniz
ing pulse. This time deh .. y pe rm its: 
(1\.) Ihe c8tubli shment of an ac('umtely 
predetermined minimum del:1.y fi nd, 
(b.) ti ll' obsermtion of t.hc direct syn· 
r.hronizing pulse on almost uny 08(' illl)

SCOI)C triggered by the input pulse. 
De lay Circuih. tFigure 4) The direl'\,.. 
l l'igger pulse 8ttll·ts the delny circuit by 
open ing n bis tn ble ga1.e. The open ing of 
lhl' gala !Starts fl sweep, whic.h prudm:~8 
:~ risiug \,oltllge whose ~Io ]>e is dcl.pr

mined by all R-C circuit. T ho dulu.y 
control, II. tf'n-t.urn potentiomet.er, pro-
\'ides !\ \'ollage reference for an umpl i
tude compnmtor. When t.lw SWf'Cp volt
age rearht.'8 t he level set by the del:lY 
control, lhenmplitude com pllr:llor oper· 
nt~5 to form !:I trigger pulse that thM!c!s 
t he histllhle gnte, endi ng the sweep and 
reI urning the loop to its origillfl l slllle. 

The diul for t he ten·turn polenliom-

"'''Y , 19 S 6 ~ 

cler is calibrated linearily in 1000 di\'i· 
sions I1nd provide!! :1.11 nccumle reading 
of VIC dclay with high incremental reso
IUlion. Delay iii dinx'l rcading in mjcro-
st'eonds, the bMit nmge being from I to 
II mitl'osccondi< wil h n "ix-{I('Clldl.: r'angc 
Iill"ll('II, whidl dmnge,-; lhe H·C cin'ui t 
t011511111lo8. 

This form of delay tin'uit, where the 
bflsic B.·(' tiJnirrg ('j l"cuil is :III integra
tor, h:ls Inwcr noi'IC thsn fhe :-impler 
forms of IILUIlQi'lahl,· cirt·uiu;. Careful 
mellsuremenl s.how~ lime jitters (·:l.lIsed 
by tir('lIit 1I0i;;e 10 I,.. :l.i! low as 1 part in 
50,000. C:lrc has 1)(,'('11 taken in Ihe de· 
,.:ign of the cir{"lI i! to minimizc d rifts nud 
tr:lU!':.ip.nts r'csultillg from line-vol t:ige 
\"aria1iolls, lind :,ll liming en'OroS I,ltused 
by a ± 10% th:mge in line vollage h:we 
beell reduced to I('AA thnn O.O L,,{, or the 
dial reading. 
Coincide nce Circuit. A monostable ('oin
cidence gnte, adjusbblc from appro"i· 
omtoly 3 to 1000 ~, is a part of the 
delay circuit. ThiH gat.e is opened by the 
t riggcr pulse produced by 1 hp. main de
Iny ci]"(,uit, I jJSe(' to 1.1 iK'C after t.he 
direct.-trigger pulse. The ('oincidCIlCc 
gote permits mflny uscfHI time-selection 
opcmtiolls.4 tSce Figure· .Je, and D). 

III normal operation, the opening of 
I he ('oincidell('e gnte produces the de
I!lyed sync.hronizing pulse (Fig. 4B). If, 
howe"er, fhe scllsilivity of the coinci
dence amplifier i8 reduecd, it call 110 

longer be switched by I he opening uf 
the coincidencc gate Iwd the circuits are 
prepared f 0 1" coillcidenee ol)(: r:'l.tiol1. The 
injecliou of a positive or negative pulse 
at. l he coincidenl"c-{ll"ive Icrminllis dur
ing the timc t hut t he gate is OI)C1l will 
("auso Ihe coincidence amplifier to OI)Cr· 
ute, and a dclaYl.-d synch ronizing pulse 
to be produced . While the coincidence 

'Clur........ B .• etA!.. II' ...... /~ ... , . HodNJI,,,.. IAhtmJI,...,. 
s ....... \'01 . r9, MOCr ... • 11,11. N~ .. Yo.k. 11!il!. {C"-pl~r 
10 conl"'M mn euclLent diocu",oll ()f IU,,,, .. ""'I;on .",1 
ooineidaD"" !r.I~"".) 
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GENERAL RADIO EX'ER I MENTER • 

Flovr. 4A, Sioc k 
d lo o.om o f d . loy 

cl.~v ill, 

'_00' __ ""1.0",",-",'-.._ 
0< , ..... ' .... fC~ 

galt' i,~ oren, (\ij IIlOlly del!\Yl'd sYII~ 
c'hronizing pulses ",ill IX' produced {lSi 

11lf'1'l' urt' illput p l ll~e, .. to t III' ('oin('idel1(,(, 
('il'('uit. 

Provisions hfll't' 1Jf'C1I nUtde for prO
dU('itig Illultiplf'-pull'(' group . ..; illlerlHtliy 
by proper lIS(' of the Illflin dclny circuit 
ulld ('oineideJl(,(' "'y"tclll, An iIIustrulil'C 
limitlg tiingralll is ~ho\\'n in Figure 4 n. 

I t1 I his mode of OIX'rlIlioll. t he IllUIII 

delnr eir('uil is lIs('d to "COUllt+t10WII" 

t lH' inpu t prf h.Y :I lly desired lIu lnlwl' up 
to about 20 hy H]lpr'opt'i:lt<, s('Itilig 

of the dela.\' ('ollll'ok T he dil'cl'Hriggw 
pulst's. which OC(,1Ir at the input prf, 
nr(' fed to t he coilll'idcnce tlluplifk·r. 
All of the dir('('t~tl'igger pulses l hllt ('xist 
during the lime the coincidcllt,f' gutl:' is 

Flov, ' 48. O.loy_ 
cI . ... ;1 l i ... ;n o : co in · 
cld . nc . <;"c Vil " 1 fo . 

n ..... olop •• o llon. 

·""1'~ _____________________ >-' ________________ _ 

!:' "n~~~~ '~tn:= ':~ '~~ ':;: ' ~ ' :' ~= l 

Fiovre <lC , l l ... ln O 
of ..... l l lp l . p .. II" 
wh. n d . lo y ei. 
evil II co nn . eI. d 
f~r mvil ipl ' -PIII .. 

TRill 
Del'" I 
IIlSTAIIOE , ,I 

~~d'~i'~~f--__ -__ --_-_-..J7f.i:"! I -:l,.. - + -- - --m-f":"'::' CUTO ~ f , ! "~:::' _________ -' I ~ .. + 

DHolYlO I : I , 

5Y~~:I================!~'~'======================='f=~~':'==== __ ,,~ 

D~CT~~"C'·~-,'-Jc-'_'-Jc-' __ '-Jc-r __ ~1'-' __ '-Jc-',-'--'-',-'--'s·~e~ r : : 
gfs~~'..t _ ----;9,2f._ 

COlllt-GATt '! 

op .. ollo n . 

Fio v .. 4 0 , TI .... 
.. loI"'nl hip . w h.n 
d e loy cI .cvll II 
.... d 01 0 p.f 

d ly id. r . 
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, 
(.pt'li \\ ill OPCnltc the dc1:l."oo·\ rigger 
puls('·fonnillg ri rl"uil II' prodm'f' a group 
IIf JlllIM'-~ . 

I.." LIS 11:-,.;11111(' Ill.:!! t he in put frt.·· 

qUl'ut-y "'Cl1illg Ihe litl"jf' prf i.'; 100 ke. 
'I'll(' lI1aili th·la,\' t' irl'ui l i:-; St." bctwl.-'(!II 

nu ll tld IUU p.Sf'(' 10 diviuc lhis itlplli 
ft'f'qlll,tlt'.\' h,v 1('11 . Lei it Iw ~ct to !12 
~&'r. The ('I)incidcllcC gate is $('t for 20 
mic l·Oi'\(.~'()llrI~ , !I rld coi ncid ('ILt'c.'i 11 1"1.' ps
illbli .. hed by t he 10th 311d 11th dirCl.~ I 

tri)Z'w'" pulsf':< to pro<iu t,(, (I pai l' (If tlp
i:l.yed "rn('hrolli7.in~ 1"11:<l'S :-ePill"fllt.-.d by 
1011-,,"'1' :,1 :1 10 kc ril le. illl'I'C11l"ing lhe 
('oim'ldl'Ill'('-,I!;:l h' durat ion to ~O ~S('L' will 
add a IhiNI puiS(' to this pni l' lind "I) 011. 
;:;i I1l'(" dt.'ln:n'(] l'iyncim,nizing; pu1R('s ('11 11 

ahnl~'1i 1)(' tlM!d to sian. the aelil)ll nf 
IIH.' pll1.~e gl' lll' l'n lnr . grOllps of Olltput 
pul~e8 M S\\t'(' I)~ I'all 1)1' pnll.lu ('('(1 (Rtc 
Figurl' D), 

To illm<lratl':l lI~ of llll' ('Uilll'idclH'l' 
t:1r(:lIjt.~ with an t'xlcnml as.;<od:ltcd 
tin,ill~ gt'tINfltM, I'onsil li'r tilt' {':\umple 
,~ h O\\1I ill Figure 4 (', li en' ilte ha ... i" 
r\' ll('tition rate, /' i;; ~·t 11,1' tile tiruillg 
gl'lIl'raLor. Addi t ionnl out put s a L 10 f. 
IO~f ' 10"/ :1,'( ' :1180 :I \'u il llbll' frl)in 
til<' timing gellel'tllOl', ,\n,v of 1111'SI' 

higher.frC'quclIl'.I' pIII :>C1I I'UII III' fet! 
int41 lhe {'niu('idellte ill pni terminal", 
Till' timing diagram of jiigurf' <l C I::\how" 
how lIlultiple pulses. prel'isc delay" find 
:-tt\lldnrdi zHtion of the tillu~·d cl:l.l' dr· 
cui ls ('un be ohtniHcd, 

To produ{'(' n group of pulses, tlte til'· 
lay (,Qntrol /! fl l'(' fil'st set to open the 
f'o ineidcncc ga le In the desited POi llL ill 
time, The coiJlCidence·gatc duration is 
then adjusted to an inte rval appropri· 
ate to produce the desired pulse group, 

When the coineidellce·gate duration 
is less than the time interval bet.ween 
input pulses to the coincidence ci rcuit, 
only one delayed·trigger pulse (or none) 
will be produced, The timing of I his 
dclayc<l·triggcr pulse relati ve to t he 

MA Y, 1 9 S 6 ~ 

din:,'c t·ll'igg('1' pul:.;c i" pf'('('isel...- (·(In· 
troi1NI by the timing gt'n('l':ltor, 

Tbe dl'lay...cir('uit talibmt ion (::111 II(' 
('hcckPd by d(·tefmiuil1g the point at 
II'hi f'h ('OiIlCid{'lIcC i,; jUlil c, .. tnbli,r-hl'd by 
the opening of 1111' {'oir]('i tl('III'(, galc, 
T his mcthod is aCt'umte to only .:t: 0,2 
""~~C owinp: 10 the !illite l'iSf'-lirnc of t ht 
gl\tC, 

Wltell the ('OiliridclII'c circuits Me 
drin!1I by exlerlllllly generated trigger 
pulscs, the delnyetl ilYlichronizing pul&' 
:llways oceul'S \\ hen, nllil onl,\' wherr , the 
puls(' occurs al. thL' I"lill(' idcm'c input. 
Th u;.;, 1he delayed !;l' lIchroni zing pul:-e 
will mm'c slrp·\\'i,.c in time as the maiu 
delny cOlltl'Ols 11"(' UIX'l'a tcci , and the 
df'lny intcl'\':l.1 has tl1(' ,.arne a l'l'llr:lCy:H1 
Ih(' timillg gellC'ralm, 

The fl'equerwy di\'idel'i! in the timing 
gcuertltor are lLsually mUL'h more st:l.hle 
in pha>:(' 'hall B-C t inwd monostabh' 
('irf'uio;, aut! the I<t.'let,tion of delayed 
p ul>i0:' us dcscribl'ti r('tiIWI'$ Ihl.' jitkl' 
1>1'I .. '$('lIt ill t l1l' dl'luYI..'t1 output to Ih:11. 
illht'l'cnt in lilt' lilmll!,;" gl'lU'raIOt', 
Swee p Circuit, Thl' ~\\'('l'P el r('uit is simi
lal' ill fo rm to 1111' lIlilin d{'I:1Y gr-IICl'H tor, 
('ol11:'is ting of u hi,.Iahle Wltl', 11 "hoot
SIr:lP "~ tinl":lr SW('t' P eil'I'ui t , fill arnpli
t lldr l'omparnlOr IL,(l>U to trigger;H 13~ 
\'oh .. , a nd a l'('l;('t I riggcl' ,l!;cnemtor 
(F'iglll't' ,i ). Thl.' 1:'\\,(.t:p timing is ;I('com
pli"hcd by thf' !'j('lling of 1{ •• linlt' ('UIl

~tnllts to prvdm'(' t he I~($ic 3, 6, and 12 
J,lSCC ranges :lnd their dccrrde multi
pliers, The plIsh·pulJ Rwcep is fed frolll 
1.\\'0 cuthodc fo ll owers 10 111'0 pnirs of 
binding posts at which Ilegati \'~going 
or positi\'e-going swceps Ill'e a vai lable, 
In addition, s\\'cep·gate pulscs are fed 
in push·pull to front-panel terminals 
where t.he,v are available, positi\'e or 
negati\'e, as Il gate or for intensifying 
tbe trace on a cathode--ray oscilloscope, 

The most ob\'iotl8 use of the sweep is 

• W .. rtfo>< ..... , P. 21;7 
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Figufl SA. Block 
d iagram of Ih . 

s w ee p chcull •• 

~ 
,.u~ 

'·'all'· 
~ls-.-"-'" ---r 

10 provide a Kimplo means for y iewing 
the Olltput pu lse UII uny oscillost ope 
l'UPllblc of being deflected by diroct (;011-
nee/ioll to the hori zontal deflectioll 
phtes. In Ilddilioll, lhe sweep can be 
ui>Cd to d rive extCt'Ila l ampli tude (.'0111-

pantlor~ to genomtc add itional pulses or 
delays.' The mail! pul se circuits ('an ue 
sturted Hlld stopped by external t rigger
ing pulses obtained from pairs of such 
amplitude COlll pamtOl's, to pro\'idc 
many pulses of independently con
trolled dumlioll ll.nd d('la.y. With their 
40-volt amplitudes, slVeep gates are 
adequate pulses for mHny testing pur
poses. The T ,-pl': 1219-A {' uit Pulse 
Amplili(' r, for iw;tan(:(' , (:Il U bc dri\"ClI 
hy these gates to prodlH·c exee!lcl!! 
pul~c$ for use as pcdestals for Ihe 
uluiu ou tpu t pulse. RillCC the main 
pulse always occurs duriug the time in
terval in which the sweep gate is open , 
t his gaLe cau be used to operate a keyed 
elamp7 to restore d-c le\'el for t he main 
pulse anywhcn: in t he external system. 
Pulse Timing System, The positive
going sweep is u.;OO to time the main 
pulse gcncrator. The lincarl ~ .. rising volt-

• HOltie. op. ";1. 
T WtDdt. K. R .. " Televioion D. c. CO"'J>Oden!:· R.C,A. 
N"';RI, \' ... 1. IX. No. l. M.~I> 1!N8, p. 100 If. 

~ :wi '-I :Iff 
~ 

A ... 
~;,;\' 

.~~ 

agc opc.m.les Lwo ampli tud e compara
tors, one to st!U't and one tu s top t he 
pulse-gencmtillg eireuit-s. The start and 
Stop ref erellce voltages can be independ
ently set by frout-panel controls (Fig
me 7). Thc start \'oltage SetS t he posi
t ion of t he" lead i llg e{Jge" of t he pulse 
~IOllg the swe('p, a nd the. SlOp \'oliage 
se.t s the "tnlil ing e.dge." The stop
\'oltagc. (or pulse du ,·ation) d iftl reads 
~lguinst :\ll index cu nied by the I:!tart
\'ol tagc (or puise-dday) di:ll nnd, 
thcrcfore~ rcuds directl y in pulsc d lll'n
lioll. The excellcnt liming accurucy of 
lh if; system result s f,·om th e good linC!lI"
il Y of !he sweep as a functi on of time 
und of the \'oltnge-scttillg pote llti om
('tel'S as t~ fUllction of lingle. 

With this ty pe of delay :lnd du ra.
t ion cont rol for the timing of the pulse 
relaLive to lhe s tarL of t he swoop, the 
Sllm of the pul;<e dolny :wd pnlse 
dumtion times must be equul to or less 
t,han 2.75, 5.5, or II J.lSCC 011 the 3, 6, 
or 12 J.lsec sweep-durat ion control set
tings. On lhe 3 microsecond ~wccp, for 
o.\:ampie, a maximum pulse duration of 
0-2.5 J.lsee can be set on i he lOO-divisioll 
dinl. Maximum pulse durations of 5 and 
10 J.lSee, l'cspecti \'ciy, can be sim.ilarly 

DIRECT OR cB~~~2=~===j~::t~~ OEL AVEO T .c.-"., 
TRIGGER 'P ", , 

SWEEP GATE ___ ~I __ -r-------- .--:;..::;, - _ SW(fPAMPL!TUOE 

fill"" 58. TI ",. 
.. to,tonships In 'h. ow u p cI .... It , 

POS.G ATE ,.....- 1\ 135.(NORMALI ,.....- \\ COMPARATOR 

SW£E"PRE"S£ 
TRIGGfR -"-[ r ·STOI"" 

I 
~---------------------------------------" TIM£ 
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Fig",. 6". Block 
d;o\lrorn of pu lse-
timing and oul· ""fJ,W 

p'" ci .... il •. • 

.... , 
,~ ._;-----

sct on Ihe G and 12 J-ISCC I";'lngcs. The 
position of pulses of shorter duratioll 
than 1 hese ml1ximn ran be set. wilhin the 
staled limits. For insttl l1('c, 011 a 12-.I.<sc(' 
sweep, a .l-/-Csec pulse can be posi tiolled 
over a mngc of 5 ,usce. For highcsi 
accuracy find resolution the shortes!. 
sweep that will !lc('ommociutc the de
sired pulse should be used. (Sec Fig
ure 0) 

Cll rc in the ci rcuit design fwd COIn

p OIiCllt choi ce equtll to that ill the d c1rl ~' 

cifeuits discu~cd previollsly lCtlds to 
10\\' ji1tcr figures :lIld a high dCbo'fCC of 
rcliabilits . T he extremely high resol u
tion of the dela)' ('irf'uil is nol. provided 
in the puifIC-l imiug system find is Hot 
usunll.r needed. T he dc!flY circui t , how
ever, ('an be used to COil hoI pulses of 
dumti oll greater than I ~sec if ex
tremely high resolution should be 
llooded. 

The trigger-pulses for the pttlse-gen
cmting circuits are fed through a switch 
to start und to stop 11 bistable pulse-con
trolling gatc. T his switch permits th e 

MAY , 19S6 ~ 

, . 
.. ..... 

operator: 
( I) to stUrt, lind stop th e pulse wilh 

the intcmal1y gCllerntcd II"igger8 from 
the Cil"('llits just described. 

(2) to start und to slop the pulse wi t II 
triggert! gcncrfltc<i extcrrltlll,v. 

(3) to obtain the internally gCJlcmted 
sl:lI't-und-stop trigger plll.~es nt illdi
\"idll:'ll binding posts on the P:lllCI. These 
positive-going pulses nrc obtaincd from 
cathode followers and <'an be u!5ed 10 
eOllll"ol cxterlml cirel lit s. The,\' ('all. for 
exnmple, be wil'(l to measure flip-flop 
I'csolul ion, silH'c they cnn be sel to OCCIlI' 
simultnneously. 111 this switch position 
the maill pulfle is not gClll'm.lcd. 
Ma in Pulse -Generating Circuits, (Figure 
S) 'rhe stn l·t-alld-stop-trigger pulses op
emtc a high-speed , bist:1blc gale eirt'uit. 
This ci rcuit drives a pair of pulse ampli
fiers whkh. in turn, opcmte a pair of 
buffers for the output stage. The push
pull pulse-output stage is [I single. 40-
watt, 5894 dllal beam-tel I'Ode tube oper
ated as a CU 1'1'Cllt source with switched 
load l'esistors across which the voltage 

Figur. 6B, Puis. 
tlmlnildl"ilr"m. 
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Fig",. 6" , 810ck 
dla ll ram of p"lu-
t iminll ond 0"1 _ ""fJ,W 

p,,1 ci r. " il., • 

.... , 

set on the G unci 12 J-I8CC I";'lnges. The 
position of pulses of shorter duratioll 
thnn these maxima can be set. wilhin the 
stated limiki. FOE' insttuH'c, on a 12-,I.1..')eo 
sweep, a 5-/-(sec pulse can be positioned 
over :'L nUlge of 5 /-(SCc. Fat' highest 
acturtlcy fllld resolution the s hortes1 
sweep that will !ll'eommodutc the de
sired pulse should be used, (Sec Fig
ure G) 

Care in the circuit design flnd com
ponent chui ce PetlHt! to that in the dcJa~· 

til'cuit;; discu~cd prcviously lcnds Lo 
10\\' jitter figurcs :-tnd a high degree of 
reliabilitS . T he extremely high resolu
tion of the deby f'il'f' u it is nol. pI'O\'ided 
in the pulsc-timillg .s.r.stcm and i.s Hot 
lIsunll.)' nccded. T he delay circuit, how
ever, (,lin be used to cOllil'ol pulses of 
dumti on grouter than I J-Isec if ex
tremely high resolution should be 
needed . 

The trigger-pulses for the pul se-gen
emting circuits ure fed t h rough a switch 
to start und to stop 11 bistable pulse-con
trolling gate. T his switch permits Lhe 

MAY , 1956 ~ 

, . 

oPCl':ltOI': 
( I) to sturt, and stop th e pulse with 

the internally gcuerntcd trigge rs from 
the ('ir('uits jUli t dC8r ribed . 

(2) to start and to s top the pul i;c wit h 
triggerll gene rated eX1.c rrltlll,v. 

(3 ) to obtil.iu the internally gCllernted 
st:HL-und-stotJ trigger pulses at illdi
\-iciual binding post s on the P:1!lCI. Thcs(' 
positi\'t'-going pulses nrc obtained from 
cnthode followel'6 and ('an be used to 
control external !;ircuit s. They C':ln, for 
cxnmple, b{' IIs('(1 to Il1{'Hsure flip-flop 
resolution , sin('e Ihey ('lI1l be se1 to O('cllr 
silnultnncously. II! th is s lI'itch poailiol! 
the main pul se is not generated. 
Main Put se .Generating Circuits , ( Figure 
S) The stnrt-alld-stop-tl'iggcr pu\:;es op
erate a high-speed , bistahle gale cin:uit. 
T his circuit drives a pair uf pulse ampli
fiers which, in turn, opcl'HLe n pair of 
bufTel's for the output stage. The ptl sh
pull pulse-output stage is n single, 40-
watt • .s894 duul beam-tet !'Ode tube oper
ated as a CUl'rcut source with switched 
load l'csistot,S across which the voltage 

OIR{C~~~LAVEDJ;jF;;;;;;;;;;;;;;;;;:;;;;:_=+;:::_=_=_r_::::_~_::_::_::_::_~_::::_::_::::= 
---------

~. ~." .. \ I ,.~ 

POSInON 
'START' 
'""'" 'STOP' TIlIGGER 

POslnv( PULSE 

1-- ------1--
+ 

• 

I --------, 
I Flgur . 6 8, Pul •• 

limlnll d lollram. 
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Flllu , ' 9. 5w .. p , o .... up s .... , .... d pul .o. figu re 10, Tim ... 1' cll .... 10 produ.e .. ,"uhiple pul .. , 

Ilillm units arc clHcful1y located for 
rll.lximum cooli ng and nrC' dcmtcd by 
about 2:1. .\ ll hough r('('\ificr life ex
pectancy is over 20,000 hOll rs, they 
hu vc been made ,'cndily tH'ccssiblc for 
Cfise in replacement" 

The maill unit has also been cftl'cfullr 
designed for both cooling and aocos!'i
bility of components. Forced-ail' cooling 
llsing 11 quif'l3·inch squi rrel-cage blo\\'o.r 
lllnilltains the holtest point of the cabi
lIet at a safe 20·(' above a mbient. 

:\ 1:\11:" f(,!lilll'eS to aid in rnaintclHlllCC 
have been included . The multiplicity of 
inpuL and output binding-post cotmcc
lions to the variow. circui t gmups \\'i th
in til{' instrument makes it sim ple 10 
isolate 1I t rou ble, In addition, e\'c l"y 
slage thnl dQ('s not ha\'e a fronl panel 
('Oluwdioll is p]'o\'ided \\'ilh a c'l('llrl.\' 

labeled and nUlllbered test point, and 
all \'a('UUIll tubes arc mal"ked by iypc, 
V-number, nnd ('i rcuit function, .-\11 
screwdriver n.djustments arc likewise 
lHlmbered and labeled to _sholl' th eir 
circuit function, 

As with n.1I General Badia designs, 
g rea t care has been tuke!! to make the 
operating circuits independent of the 
cllll l"3.('leristics o f \'aCUUIll tubes and as 

reliable a!! possible, consistcnt with the 
high performanee requirements, All 
panel-mounted vllriable resiHtors art' 
precision, lI"ire-\\"oulld potC'nt iometl'r~ 
and , whercvCI" pos."ible. computcr-typc 
vacuum tubes ha ve b('('11 used. E\('hcd 
cireui!s arc used wherever j'ir('uit 1'11-
pHl'il:ln('c is ('rilie-Ill in orell'r t o int'urc 
maximum rl'produ('ibility of ehaml'
tcristics. - H. W. FIBN"K 

Thc lIut hor "1~hl's to :wkno\\'ledw.- th~ man.\' hclpful 8ugg~slions and I·rilic·i ."rn~ In:Ht.' durillg Ihl' 
('ou r~' of Ihi~ tl\:v('lopml'nt by).!. C. Holtj", \y, F. Byl'fS, D, B. Rindair, :Iud \\" . P. Buu"!':; >Ind. 
in addition, ' th~ oontrihulion(of \\'. P. Buurk in the eSlnbliiihnlt'nt of '1'111 lind culii)ration Jlr()('c-
dure~. H. \\". F. 
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GENE R AL RADIO EXPERIMENTER " 
SPECIFICATIONS 

PU'". G ..... ollng Circuit: 
Pul'l Ou.olloll : (Timed by sweep) 0.05 to 2.5, 

0.05 to 5.0 nnd O.OS to 10.0 bev."een half nmpli
tude poiuts, with decnde mulliplicl'$ to 9. m1\.~i
mum of 100,000 i'~. Pulse Icn,.;th (all be t!J(

tend eo-! to l.l set'ontls if pu!!{' is timc(! by delay 
dreuit. 

Pul'l OU'o'ion Accu.o.y: AflCr ~\H:(' I I cnlibm
lioll, .... ( I", + O.05i'.'!C(~). 

Pul •• Polilion A«u.oc~, 0.5 ~ ,., I t:~ of difl' 
rcll.Jing. 

Pull. RIte Tlmo' Depends uu out put hllP'·.J
tlnce r h<.10."<'n. Into 11 t.crmiuuted 5O-ohm CO{lxin! 
line, it <"1/1 vury from 0.025 Ili!ee by '*'O.O[ 1l1!Ci'. 
T he foUowin!!; li re typic:II (0.1 Ill;(.'(l pul;!(! liS 
lllellSul'('{\ 011 ol'dJJoseope: rille t imo ()f vl"'rtil"'"l 
:l.mplifit"r O.OOt.IIl~ ) : 

I #il$(; DeC(l ll 
~« i'~IT 

-~~-

'l'crmillatcd COlO; U.OO 0.015 
50 ohrn~ 

--15 Ili'f pfohe 
72 ohms 

U.0'2 

D~w." 
"", 
U.O:l 

ISO ohms 
GOO olml~ 

O.OJ 0.1)25 0.025 0.0:3 
0.03 0.()3 10":"025 " 0.03 
0.05 0.05 0.0·' UJJ5 

Pub. Shop. : Overshoot'!! and 01 her defC('t~ arc 
lei!13 tball 5 t {. of pulse amplilude wbell tim pulSl.' 
generator is t'{)rrcctiy Ulrmin:ltOO. Pul!;e rs.mp· 
ofT doel> not exist, o"' ing to diJ'('Ct coupling of 
OI)llJ"l I"'il"('ui\.ll. 

Pul le Du'~ R .. Tio , Pu~h-pu!l c i l'1'ui~ wit h unity 
duty ratio po,osible. 

Oulp .. ' Imp. d .... e., Z. , 50, 72, !1I, 150, ij(}() 
ohm~, all '*' 10'1,. 

O"'p .. ' Pu ... Amplitude: l5t)..ma f'urrent 
,;Qurce; voltAgc from c,l<'h jlba.:>e of I)ush-pull 
dUlIlncl, 0.15 h O - 20'1 . 

T ypiclillIOmiua.1 amplitude!, 50 ohm!, 7.5v; 
72 ohms. 10v; !JI olim.ll:, Hu ; 150 ohm~, 22v ; 
1\00 olun~, OOv. 
O. C Compo"lnl , .. se.llo .. , Binding posu provided 
for thi~ purpo.l!('. DC Cllll be moved ""' 25 voll.ll 
tor nU output impcdlillea< cxt'epl ij(}() ohms. 
'"p'" Synch.onhinll Sillnol: Signs.l~ of almost 
1m y ~h:lpe will triggcr the input timing circuits. 
Average value nmrt be aJ))l roximtitcly 0.2 voJ~, 
minimum. 

Typical input ~igll tlJ minimuTll umplitude~ 
I\I"\;': 

(I ) Sille WtlVe, 0.2 \'olt, rms. 
(2) Squ,11"(' waves, 0.5 volt, peak-to-PC11k. 
(:.i) Brief PQ~itivc pulse, 10 voll.ll, peak·lo-

IJellk, 
(4) Brief ncgl, live pulse, 10 volll!, IlCuk·to-

I~k. uternal ~re\\'drivcr adjustmen t Ilcrmil.ll iu
('i"('alling trigg('r·('ireuit 8C1l$itivity for ('itller 
IJ<lsitivc or negative I'ulree. 
OI'l eI S~n.h,a .. h l" l1 Putse, 

Polarity-posi tivI' 'l.mplit.tH!": 76 volts Ilf" .. ak
to-peak. 

Duration: 01 nmplitude) I 1l:!t.'C. 
Ou tpu t Im ll'e<:i:mec: GOO ohms. 
Repet ition 1{,'Ite: Amplitude ',"QII~kIllL W 300 

kc: down 20{;. tit 500 kc. 
Tlm • . Oetoy Circul,., 

lIoIIg': 1.0 i'.'I('e to 1.1 :!t.'(. in ~i.~ r:lu l/t'!!. 
O.lo~ 01 .. 1 CoUb.o,lon : 1.00 to 11.00 in 1000 

division!. 
o.to~ 0 101 ReU'''lion : 1 parL in 8800. 
"cc ... oc~ , Abl!QhllA:, '*' 2(''0 of (ull liCule, or 

"';I"}, ,,( stil le n!lI.ding + . 005}4-~ "·bicheV('r 
is sm:ll1cr; inCn!m(ontnl dd ... y, do (170 + .05 
pSCG). 

Ma.lmum PRf: ·100 k('. 
OuT~ Rolio Elfects: L~ than 2 '1> error in dc· 

lay for duty mtios up to tj(V !, lit the low end of 
CJlch rfl u~c, lind np to !)(jC"~ at t he high cud uf 
c!lch fl\llge; proportion'it effect.!! OOLII"ccn. 

Oelo~ed S~nch(o .. III"g p"tse Cho.oderi.lin: 
l'o~itive, 60 v, 1.0·~ hnlf-arnplitudlJ dumlion, 
t-;OO ohm Nl.lhod(l- rollowlJr output. 

Slobllll~ , 

d 
l.-otc End lI iyllSnd 
oj /)iul of Oiltl 

Tjn~Jiltcr~~~ 1:10,000 1:50,000 
1Of1. Linc C hil.nl/c 2 :tOOU - 2:10,000 
Sulld'JJl 1Oc-;, Line :5: lOtiO -I 3: 10.0011 

T r:l.nsicllt 

Colncldellce Cl •• ul~ : 
Go'. O",o!;on : 3 to 1QOO lliIrC. 
Go'e Acc".o<~ : '" 15% or ,., I jJ~, whidulVer 

is IHr~er. 
COIlH'idclleC driving cirGuit will olC<"'Cpt either 

J"lOS.ilivc or nCjlM ive illj)UL Jlulses. Source illl ' 
ped:mce sbould 00 1011", UlVe rise time IclIS than 
0.2 jll!CC. AUiplilUdL'I! OOlll"CCU 5 amI 20 volts nrc 
s.e('o{'pt(lblc for neg.'Itivc pulses, and ootween JO 
and 100 for posi t ivc pul-'lOO. 
Sweep Circuli: 

Sweep 0" ' 0110" : ;"l, ti, 12 Ilse!l with 5-<lecadc 
Ulultil}licr. 

Sweep lI"eo.iI ~ : Dewrmined by Ilw Ilceur(lCY 
of pulsc liming. On longcr rungcs, where t ime 
ddllY e1fecLl! ure ab!!enl. thc linearity is bcttcr 
Limn 1%. 

Sweep Amplilude: Push·pull, c:jeh pl'flSC, 135 
volt.s "" 10%. 

SW'.p Go Te Amplll .. de: Push·pull. e/tch phllS(' 
·to yolt.8 '"' 10%. Neg!llive aud positive .'N'l.'Cpe 
s ud the I)QSilivc 8weep gate tire clI.thoo(l-fllllol\'cr 
outpu~ circuits with a L-jJf coupling eallucitor. 

Du'y Rotio ond RepeliTio" Ro'e Effl d., Maxi· 
Illum I'I!petition rate, a JI8CC sweep, 250 kc. 

St{.ocq> T ime 

d 
~ 
.~ 10' 
, Ill' 
x 10' 

Maxim um Pr~f/tl~T! CIl f or 5 ch 
Error iT! Swccp Slope 

S~ec 6 ""u 12~ec . --~ 

I~~ 100 k c (j(I ke 
!flO kG - I~ - n.c 

Hi kt: 1.2 kc ~ 
1(,.0 c I2Q , 

I 
~ 

JOe 12 C 7 c 
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" 
,,,b. Complemenl , Gencrntor: 

R- f • .tS5 
5 5!)t~ 2 - ClANS 
.j - 12A Xi 2 -'I'm'? 
5 6AN5 2 - NB51 
2 59{~i I - .;687 
Power SuPVJy, 1 OC3, 

GASi. 

J - W-H 
1-0AW8 
J - 6BQiA 
J - 1211117 
l-liUS 

OAK5, \ -

Aceeuorln Supplied: i ntcrMnn(,{'ling ('ubI.:8, 
Typ~; CAP·35 Po\\cr Coni, 2 Tl'I'~ 871-(;58 
Cllhlc CoUIl('l'tOI'll, gP'"' ' rUSt'~. 
Othe r Aceello,in Available: TTI'~~ 12m-A Uni t 
I'ul.,.e Amplifier" for higher I)(JW('I' output. 

Type 

MAY , 1956 ~ 

Acel .. o,l .. lteq"I,ed : Trigger sourcc; practically 
llny laboratory oscillator of the npprogriate 
fretlUCIiCY mnw.' is tWOCIunie; the Tn.) 1~IO-B 
l'niL R-C OS(',llnlort i.8 recommended . 

Power Supply l"pIII : 105 to 125 (or 210 to 2(0) 
voltI'. 50 to 60 cycles, ~85 ""ttl!!. 

Dlmen,;on,: Generator, J(I (width).~ 14 (ht'ight) 
x 12'·, inrh\'s (de~th ) over-Ill]; Power sUIlPl/'"1 
IU (lIi'(lth) x !OJ "!! {height) x 12' 5 inchCil (dept I 
OV(lr-1I11. 

No. Wolllhl ' Cel)Crfltor, :30 pounds; pow<!r 8UI)
ply, 10 pi,unus. 

I'rjrc 

1391-AM t 
1391_A Rt I Cabi,.. , Maciel (i,.d . Pawe. Supply) ...... '. 

Relay_Rack Macie l (Ind. Powe. Supplyl .. I 
EIlIFY 

I::DOSY 

$174!1.00 
1745.00 

• s.", fJrpui...n.IN IUT July. )0"". i'I'. \I-l1i. 
f 8 .... E"'~ ... "'~~I .. In. ~IR)", lOw, PI.'. )-11. 

III. S. I'a,,"nl No.:!, fi~8.Ui7 . 
l.i...,,,_1 ",wi", l"'I~"t. <>f tho RII'Jio ('oT)"'",lioll of 
Amen.".. 

M ORE N EW VARIACS® 
The new W2-seric.~ VIll"iacs are 2-

am perc counterparts of t he W5 series, 
Jll'c\'iously allllounced. 1 T he new \\'2-
sCI'ies \'urillCS are idcntical in design, 
construction and aPl>CUl"tlllCC to lhoi r 
W5 brothers, differing from the latter 
only in cJeetrielll ruting, Size, find 
\\·eight. All curren;, and kvn ratings arc 
40% of Ihe W5 ratings. Panel mounling 
mea, volume, and weight arc ench 
about 50% of the measurements of 
l'(Juivulcnt W5 series models. Fi gu re I 
tihows the bllsie model, TY I'E \\'2. 

The basic, \Incased model ca rr-ies Ii 

2.4-nmpere rating, an increase of 20% 
over the TYI'E V2 which it supersedes. 
Other features include Du t"lltmk brush 
track, unit brush, ell ptivc rountcrbal
flnct'd radiator assembly und sqU:lm 
flange rnoll1lling. :\iotlnting boles matrh
ing those of the \ '2 llild lhe eil.dier '!'HI, 
200-"8 arC' nlso provided , ~o that t he new 
unit din'ctly replaces these models ill 
[lrudi('lIlly 1\11 cases. 

1~ l1tirt'ly new in this size Vn ria.c arc 
cUi;(.'d rn(M:lc1s for fixed insb1!a.tions as 

Jlt.rjJtri ... ~"ltr, ~"'l><:r. IINS. 

Figure 1. VI.w of Type W2 VaTioc. Moun ling ha l., 
a re on a 2 %.inch ' qua.e . Oe plh behind pon.1 i, 

3 1M.! inch ... 

well as for portable And beneh usc. The 
totally ene10sed T ype \v2?d can he 
wall- 01' panel-mounted. Standard ?1 in. 
dium. knockouts arc provided fOl" !'1 in. 
conduit or caule conncctors. Port:l.])le 
modelfo! include line cord , l'ollveniCllce 
outlet, linl' swill'h, anI.! I'llI"rying handle, 
plus l'escLiablc o\"erlOlld protector, fil"l;t 
introduced in the \V5 series. \\'2?1 IT is 
provided with two-wire corl.! llnd out
let ; the W21\1'I':3 has the now standard 
till'cc-wirc fit tings wh ich ground the 
e{[llipmcllt. 

The squHrc-unse design 1l1nkcs gnng
ing simple, and aS8<'mblics lIre available 
IxIth with :llld wi thout cnelosurc. A 
Illlmbcr of "al'iations of the sta ndard 
detiigll lll"f' altio po~il>ll'. For eXltmple, 
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~ GENERAL RAOIO EX'ERIMENTER .. 

Co .. dimon_ 

110''', b.,lh 

Iyp ...... 

(wldlh ) 4 \io 
" (ho lgh,) 

s % • (cl oro l:.) 

4 V. Inch .. , 

o ve r-.. II 

Figur. 2 , Typo W2MT, wllh ovo.lood prollelo •• 

IIlIi1:; for :360" rotation alld I \\'o-brush 
models ar£' I1nliiable on sp('('iui ordN, 
:\Iotor-drivell U:;s('mbli£'Jo; will IX' :\11. 
lIoulleed ill a future i&<ue of the H.cprri. 
U/l'Ill(,r. IlS will the stock availability of 
lIllits ('quiPI)('(i with ball lX'urinJ.,"S, 

NEW 400·CYCLE MODELS 

Thc COl1lltrurtion of tl1£' tll'(}-umpel'(' 
uno fi\'e-ampcre 400·cyc\e models, 
Tnt;" :\ 12 and :\15, ha\'e hecl] "e\'i!:!('(1 
to inrludC' all thC' features of the 6Q-('yde 
models, Tlw!<{' 400-cycle modC'\s lire now 
idcnti('ai to the 60-cydc 1ll00icl;; cxccpt 

for thc olwiou>! difTel'elU'c in \'crlical 
dimellsion. madc po.·;",i!)le by 'he lower 
stack height of the high-frequcncy units, 

Fungus-resistsnt treatment has been 
added as standard and st(){'k units no\\' 
pass most ('ommoil ly encountered mili
tary I'orrosion. salt-spmy :\l1d fungus 
specifications, uS 11'('11 ns ~hock, vibra
t ion nnd humidity requirements. :\Ianlt
facturing economies rC'sulting from the 
tI"e of parts ('ommon to the 6O-cyclc 
(W-series) unit>! pcrmit 1\ lSigllifi(,:Ult re
duction ill priec, lUI shown in the fol
lowing t:lblc: 

Flg"'o S (left ) Typo W2G2M r (righl ) Typo W2G3 
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" MA Y , 19 56 ~ 

Typ(> ;\ [.j . 

T,\'pl' ),[2 

Old Styif' 
S22 .. ;() 

1 rJ.fiO 

Ycw J)('siyn 
SI8.,='0 

I l .:'iO 

828. T Ilf'sC [OWN prites, fl('C'ompanit'tl 
by .'iU 1 ~,.; 1 : 1 nl ill II,\' i mp!'(I\""d p errW '1I1:lIW(', 

h:I\'{' hN'll tH'tompJ i:-rj)/'d in 11 lWl'i()([ of 
ri~illg 1I1tl/('r'ial (Illd labor' {'osh' and at'£' 
lhe rC'<;II!1 of II ('ullIinllou,; progl'lun of 
ear'dul :ll tl'lll ioll to df'~ign, tooling and 
produl't ion nH'lhods. 

Even morc si riking is the ('ompllrison 
wit h the Tn t> liO-A l ', prcdcl:f'ssol' of 
the " I.), which lis/I'd fi\·(· years ago fit 

SPECIFICATIONS FOR W2-SERIES VARIACS 

' ,iM'- I' (I//uyr 0!'trt'U/1/IYI' 
('o"'le~fioll ('olOl'/'clioJl 

"- ~ "-

IH • -=> ]~ 
, 

• ,. ~t , I ~ ~ I f~ ~~ I ,c-
o , ~- ~.~ 

~E 1: ~ ~~ .~ ~ ;:~ "!t 0 ~ 
I ~ 1:-.::: i~ -"'.- - '-. ~% . , ~ ; ~ 

, . 
\I ' _CQc::! c~ T!lpe , Qwl/my ":::,,, ~L .;:.:.... ~ C:; ;5 ~:.: ~" 

10-1(, 10 
~-

_ 0 

w, llneu.setl li S I..!..!... 0- 115 .11 1:\5 2.' :Ui ,;- 1{) 

W' M \\"it II CUi'(' !l5 2 0- 115 2.(', 0.:10 0- 1::15 2- :1.5 5 '0 -I 
115 0 J:lfj 2 :Ui ;'")-] 0 W 2 MT l>urt!Lbt~· 

..... ,'t "" ole JJc/ow _, 2-wiJ1' 
W:2 MT3 l'orla!) l .... 115 Sfe NQ/~ Udo ll' 0 l :l5 2 a.5 5 10 

:~-\\ iI'{' 

-~ .:;> , .. 
- ~ 
- 0 

('()if~ ';;'" 
~i. Wor,/ f'n'rr 

:~~s 11.\(:111. J.!3 .S0 

Pil IJ \GE1\ 18.00 

III II \(HI; 24 .00 

", 11 ,\<1n.11 26.00 

.:-Ivn: l. .\IT mOl I.·I~ :H'j' ~hip]){'(J with oven'oh"g'" ,·()nn l.>(' lilln ~ "nd I'Qrn"lmnd inl! ,Iilll ""alpq, bill 
"1;111 1)(> elLI~I}Jil"(! un ~J~iu! {lrdpf \\-~I Ii liul"-,:,ohllgf'. r<)!uH',·t!un~ and J,inl ~·"Il·~. 
l'\U'ft-: 2. 1 H' 1 \ 1'.; \\ 2 dml IIL:I\(' l~ n·wr~l blt'. wLth () l !;J Gil OUt' ~ldl', :11)(1 0 t:l.i 011 the olh'·T. 
,\nll:l(> flf r(ll"ti(11I i~ :;20 Jl'j!:l't!t's. 
X(>T.: ;l. II l'pJiL~llJ('nl hl'u~IH'" for T Yl' t: \\"2 \" al'i:I('~ ate T YPE VR-I. 5.-,~ (!!I!·h. 
:;\(1'1'.: L ('OnlpIHC dinwn~ion drawing;; fllrni._ IINI 011 r('flllc~t. 

TYPE M2 AND TYPE M5 VARIACS 

Olltlmt Cllrrell' I 
--------.I--------C\--------- ,-,-,,-"-'-8-,'-,,-,,-,'----------,-----------.---------

T!JIW ((II/(il ___ '~f':I'. _ Pu_'_"_'_ Net Weir,'ll ('()fIe irQ'" P,..rt 

M2 2 3 2 y:! inch .. I V, pounds 11\(:(:1" $14 .50 
M5 5 7 . 5 2 ¥. inch.. 3 \1. pounds l'.'''''' 11.50 

W2G2 
W 2G2M 
W 2G3 
W2G3 M 
M2G2 
M2G3 
M.5G2 
M5G3 

GANGED MODELS 
Kd It'doh/ 

Tw o-gonll 
TWO-II"n9 w Uh ." .. 
Three-gong 
Thr •• ·lIon" w l1h caU 
2-g"nll M2 
3_gon" M2 
2."onll M5 
3_,,"nll M5 

7 paunds 
a pounds 

11 pound. 
12 p"und. 
3 ¥. pound. 
5 Y:! pound. 
6 ¥. pound. 

10 !l4 pounllh 

IlAGA I.GAl'l)(> 
IlAGAL IlOXIHJ 
D.\GALGAl'TY 
IlAGALBON1'Y 
BAOGYGA:"OC 
1l .\GG VGAl'Tl· 
CANN VGA!'iDtf 
CAXXVG.\XTV 

SECOND INTERNATIONAL CONG RESS ON ACOUSTICS 
Cambrldll" M"1I June 17-23. 19.56 

P"'-('e 

$32.00 
40.00 
48.00 
5 6 .00 
33.00 
49 .50 
41.00 
61 .50 

Geuenll Rt!.dio nootlsti l'UI nppllrnttlS will 
he on dispby at the exhibit held in ~ [CillO--

rial Hall, Hurvard University, June 20 und 
21. in connection with this Congress. 
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~ GENERA l RADIO EX PER I M E N T E R .. 
PRESIDENTS-OLD AND NEW 

E .. ol H. Lock . Char i •• C, Car. )' 

On December 31, 1955, Errol 11 . Locke ..... 
retired liS President of the GcnCl':.d Ib.dio 
Company Ilud, on Fehruary 16, 1956, 
Chnrlcs C. Carey WIlS elected to su('{'eed 
him. 

:\11-. Locke cnmc W the Genez'a! H:tdio 
('Onllll.my in WIS, tlJnXl years ufter its 
founding, nnd Oec:lme Vice--Prcsidcn~ in 
1920. His first MSOciation WIlS with com
mercial :.lIld sales maHers; later, as Vice
Prcsident, his Illain ronCCI"Il II':IS with 
production. H f' WM elected Pl'Csidcnt in 
19-1-4 lind held that post continuollilly until 
his retirement. As President, one of his 
primary interests was personnel policies, 

fI field ill which his long expcricnc:e nnd dccJl hU1l1an syrnj):\thies were p .. 'lfticulllrly effective. 
i\ l r. Carey's :lSSOCintiol) with the Gencr-ll Radio COmpHllY began in J!}2i in the production 

dep,IHtmenL In thut snme year he bctame foremnn of the winding department, He WfiS 
llJlI.lOintt..'fill&!.isultlt to the Vice-President for Production in 1931 and Produrtioll SUJlerin
tendent in 193·1. When Errol \-I , Locke became Prcsident in 19-14, :\11". Cun;:y su('('reded him 
(IS Vice-President. for :\ianufucturing find conlimwd in lilil' oflit'C ull t iI1956. 

CHAIRMAN HONORED 

At the :inllllnl meetillg of the &ientitir .\pp':lratus ~[akers A""c,
ciutiuu in 13elle:lirc, Florid.:" .\priI11, Harold II Hichmond , Chflir· 
rnUII of the BoI~n! (If Dircctol'l! of the General Ibdio Company 
received the Rcientific Appllra tus ;',Iakers .\ward "in rcco~"liition 
of his lcadershil), \'ision, anrl de\'otloll to the groll'th lind P!"O~rcss 
of the 8Cientific instnlillent industry." :\Ir. Hidllllond 's I"~:o ["d of 
sen'ice to the Association dales frolll 1\:138. li e wal:! ch.'lirman of 
its IxmN of d irectors in 1 !)~7 , its president in 1938, and is at prc;;cnt 
n rlircctol'· .. nt-brge. He is the f!n,t person in the hi~tury of the 
association W I'ceci\'c thl!> uward before retirement" 

AMERICAN SOCIETY FOR TESTING MATERIALS 
59th Ann .. al Mu lln; Chalfonte-Hadd on Hall 

.\t the fLPI:mratus exhibit held in COlljUIlC· 

tion with this mccting, Gelleml Ibdio will 
exhibit some of the lIew itl!ms recently 
aunounced in the Experimt'llWT, Among these 
ure the TnE 1605-A Impedance Coml)''lffl
tor, tbe TYPE 1230-A D-C Amplifier nud 
Electrometer, nod the W·model Varincs. 
Other equipment in the e.xhibit includes 

Allanlic CiI),. N. J. Jun. 18-21, 1956 

bridges for measuring impedfl!lcc, pOller 
fnctor. lind insulation r-esistanecj st robo
scopes; polariscope; sound- and uoi.se-meH8* 
uring instruments, fi nd volt.'lgc regubtol'l!, 

Plan to visit the Geneml Rudio exhibit in 
booths 48 lind 49, Our cllgineers will be on 
hand to discuss your rnCilsurement probleme 
with you. 

GENERAL RADIO COMPANY 
275 M ASSAC HUSET TS AV ENUE 

CAMBItIDGE 39 MASSACHUSETTS 

T EL EPH ONE: T ltew b rl d g. 6-4400 
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