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The nevv TYPE 1391-A Pulse, v eep, 

and 'I ime-Delay Generator i a pulse 

ource and rn.ea urin.g device designed 

to m et the diver e requirements of 

laboratories engaged in tim.e-domain 

measurements.1 It produce pulse of 

mediun.1. power and good rise-time, over 

an extr m ly wid rang of duration 

and r petition rates, and it generates 

time d lays and aw-too h S\veeps over 

comparably wide time int rval . 

i Frank, R. v .. "A Wide Range Pulse Generator for 
Laboratory Application ," Proceedings of the National 
Electronic Conference, Vol. 8, Jan. 1953. 

Figure 1 A. Ponel view of the generator unit; for view with power supply unit, see page 2. 
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� GENERAL RADIO EXPERIMENTER 2 

Thi in nunen ntain , in a single 

a en1 bly, (1) a pul genera or, (2) a 
ti1n -d lay g n rator, and (3) a linear 
·av;'-too h sweep gei ra or. ,.. h tirn. -

d la g n rator ha a calibrated range 
frmn one n1icro ond t 1.1 e nd...,; 
the lin ar w p g nerator produce · 

·av -too h waveform ra ngi . g in dura
tion f or 3.0 micro econds to 0.12 
·econd. The tart and top ti1ne of 

pul e continuou ly adjustable in dura-
ion from 0. 5 micro c nd o 0.1 sec

ond can be preci ely et at any point 
alon°· thi we p b ampli ude com
para ors.2 The pul rep ition rat i 

et by an e t rnal g nera or, whi h may 
have ahno t any'' aveform. 

The g nerator no only cov r wid 
rang , but i produce i time dela 
pul , and we p ' ith high accuracy 
and stability . Its over-all I efuln i 
gr atly nhanc d by i n'lan termi

nal which perm· cc . to th van u 
ba i ircu1 group that perform the 

quential operatio1 involv d; and by 
it int rnal witching 

2 The ampli ude compa1·ator u ed throughout thi in tru
ment are Schmitt trigger circuits. ( ote 3) For a 
compl te discussion, including a circuit for a sensitive 

omparator, se M. C. Holtje, "_ New Circuit for mpli
tude omparison," General Radio Experimenter, Vol. 30, 

o. 6, November, 1955, p. 1. 

he u er to obtain many cliff r nt c rn

binations for optimum olution. to 

particular pr ble1n . 
'I hroughout thi in trun1ent ti ming 

i cc0 1npli hed by th com bi nat ion of 

R- in· grator vv ep ir uit and am

pli ud compara or . The applicat i n f 

the imple , fundamen al timing y -
terns lead to circuit that are prac i-

ally ind pe1 d n t of u b haracteri -

ic , have fa reco ery tim and good 
ignal-t -noi e ratio . dditi n.al divi-

dend are lin ar dial scales and ab olu t.e 
a curaci depend nt only upon h 

tability of he re i tor and apac1 or 
of th integrator circui 

In addition to accuracy a nd r liabil

ity, thi instru1n n pro ide th u er 

'vith con enience and effe t not pre

viou ly availabl i n  oth r pul e g nera
tor . For example a ompletel new 
type of push-pull , bi table pul e-outpu 

ir uj in rpo1 ed . 'I hi · l pu 
cir uit provide a rn d ra ely high cur

rent (1 0 rn.a) in o a num.ber of in , r-
nall contain d, wit h ed ur im-
pedan e . Thi balan d en'l ha. no 

lin�it on duty ratio, and inc th outpu t 
is f d directly to th pul e output terrni

nal , pulse of an dura ion can be pro

du d without ramp-off ff c 

BASIC CIRCUITS 
,..I he ba ic circuit group ho"·n in 

� ig. 2 p rforn'l h n ar i1ning 1 d 
hapin g opera ion . Th groups con i 

of: 
(1) Inpu synchroni zing circuits tha 

produ e a ingle trigger pul e per cycl 
from any timing waveform. Thi trigg r 

pul e, referred to hereafter as the direct 
trigger, serves as the ba ic timing signal . 

It drives 

(2) Delay ircuits capable of produc-

Figure 1 B. View of the complete Pulse, Sweep, 
an d Time-Delay Gen erator, with power supply. 
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ing an a ura ·el tim d 

MAY, 1 956 

.------------ --....L-oOI RECT 
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pul e over h rang 1 µ r-------------- - - --, 
O!R TRIG 

after th dir r1gcr r. Th d lay ir- ••F INPUT i "4AIN o1Nc•orncE ! .LoELAYEo 

DEL.TRIG 

't 
. 

( ) . d 1 . 't �:IVE CISRYcNJi�s 1---;1--1 DELAY SYSTEM ..__,'-""""'........,.., SYNCH 
u1 c mpn : a. main ay-circu1 1 , L-------------- -----' 

group prod U cin 0" a pul f 1 %�\·�� �-- ---t---I N_T _MU_L
...-

T _P U_ LS_E ___ � 

µsec to 1 ec and oincid 
y t m c r i ting m abl 

c coin jdenc ircui , and pu l 
circuits to produce a del 

nizing puls . Thi inc.id 

permit u h p ra i on , a. 
line . J ction , tabiliz d d 

mul iple pulsing of h pul · o· n rat r. 

(3) linear swe p ircuit, produ inO' 

a 250-volt pu ·h-pull aw o th available 

a pan 1 rmina l and variabl in t p 

of 3 6, and 12 µ ec with a -d ad 

mul iplier to provid f a in �'Ir u m  

w e  p dura i n of 0 .  J 2 'rhe swe p 

duration 1 c ntinuou adj u abl 

ov r a range of ± ] 0 that any 
repetition frequ nc b u ed. In 

addition to the w p oltage pu h-pul l 
40-vo] gate pul e of " p d urati n 

ar provided at fron -pan 1 t rminal . 

( 4) Pul e g n rating circuit 'vho 
iming i c ntrolled by trjgg r pul e 

d riv d by amplitud compan on from 

Figure 28. Tim
ing diagram for 

th e co mplet e 

system, 

I-

AMPLITUDE 

PRF 

DRIVE 

=> DIR ECT � TRIGGER 

DIRECT 
SYNCH. 

MAIN 
DELAY 
CIRCUIT 

DELAY 
RESET � TRIGGER 

_J 
w Cl 

COINC. 
GATE 

DELAYED 
TRIGGER 
DELAYED 
SYNCH. n.! SWEEP 

� SWEEP � GATE 

I START �� TRIGGER 

=>� STOP 
n...- TRIGGER w�l �3EsE Cl)::::> -Ju �� NEG. 

u PULSE 

IN 

START TRIG 

SWEEP TRIG DIRECT 

DELAYED 

SWEEP 

CIRCUITS 

,:," 
e-1-,. 

_/L POS. SWE.EP 
NEG. SWEEP 

_;--i_ POS. GATE 
,_, NEG. GATE 

PULSE Q 
I NT PULSE POS PULSE 

TIMING SOURCE 
STOP �10. CIRCUITS INT �T.,-¢- CIRCUITS NEG PULSE 

Figure 2A. System block diagram, showing major 

circuit groups and their interconnections. 

th w p ' l tag . 'I h ul d ir ti n 
i' continuou 1 and ac urately adju t
able over a o·amut of 0.05 µsec to 100 -
000 µ b thi m th d f ti minO'. 

fron pan 1 wit h on h 

(a) provid s 
de ·crib d, 

n rmal opera 10n 

(b) conn th input f th pul 

as 

gen ra ing ir uit 

for external con r 
t pan 1 t rminal · 

1 of tar and stop 
tim.e , or 

( ) mak a ailabl at pan l 
minal he tart-a1 d- top trigger pul 

hat normall time th main pul 

0.4 ,_, SEC.-J 

DELAY 

�TERVAL������-
-- -; 

-- I 

l'-

-"'---���-----------------------�---TIME 
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GENERAL RADIO EXPERIMENTER 4 

_n_ 
---- POS. GOING 

TO 
.-------------DELAY 

CIRCUIT 

INPUT 
AMPLIFIER 

SCHMITT 
CIRCUIT 

DIRECT 
--0-.......... -1 TR I GGER 

DIRECT 
SYNCH. 0 DIRECT l �Y N C H. j\.....OUT �---0 , CIRCUIT AMP. a C.F. 

, .____ _
_ 

___, 

LINEGATIVE 
'

,, 
GOING ', 

' � 
F i gu re 3A. Bl oc k diagr a m  

c ircuit .  
of  i n put  

' 
INPUT SELECTOR', 

SWITCH ' 

SWEEP TRIGGER 
SWITCH DELAYED 

-----.o o DELAYED• TRIGGER 

A dire t-coupled, pu h-pull output 
system make he outpu pulses useful 
over heir large range of durations. The 

output imp dance can b t at valu 

of 50 75, 1 00, 300, and 600 ohms with 
a rotary swi ch. 

Throughou th y tern no circui s 

have been u ed that mu be restric d 
in duty ratio, o that there is no limit 

ex pt r covery ime on th maximum 
duration of w p or pul e . The n1.axi

mum duty ratio i limi ed by recovery

time to approxima ly 90% of the 

period set by rep tition rate. 

CIRCUITS, CONTROLS, AND 

INTERCONNECTIONS 

Input Circuits. (Figure 3) The input 

circuit consist of an input amplifier, 

hmitt circuit, 3 pul e-formin circuit, 

amplifier, and output cath de f llower. 
The Schmitt circuit, driven by the 
direct- oupled arn.plifier, in turn drives 
th direct-trigg r pul e-formino- ircuit 

to produce h dir t- rigger pul e at 
prf's between about 3 cycle and 500 

kilo y 1 . This direct- rigger pulse is 

used to ynchroniz the r t o the cir

cuit group within the in trumen . It 

3 Schmitt, Otto F., "A Thennionic Trigger." .Tour. Sd. 
Insts., 1938, XV, p. 24. 

TIMING 
I NPUT fp 

' ' 
' L.------ TO SWEEP 

OSINGLE PULSE CIRCUIT 

TO COINCIDENCE 
""'o--M-U-LT-1 P_L_E_P _U _L-SE __ __.. AMPLIFIER 

can b form d on whichever zero cro 

ing th us r elects. For ine-wave and 
quare-wave input the trigg r-gener

ating sy em requires approximately 
0.5 volt peak; for brief pul e of either 

polarity, approximately 10 volts. 

The panel swit h that s 1 t p si

tive-going or negati e-going voltages 
has positions in which th dir ct-trigger 

pulse is f d to the coincidence circuit to 

provide for multiple pulsing. 

The sweep circuit and the d lay cir
cuit can be triggered imultan ou ly by 

the direct-trigger pulse, or th swe p 

circuit can be triggered by the delay d 
synchronizing pulse. The two modes 

of operation, selectable by a pan 1 tog
gle witch, make available the d lay d 

synchronizing pul e during the sweep 
time, or, alternatively, make us of the 

delay circuit to delay he swe p with 
respect to th dire t-trjgger pul e. 

The direct synchronizing pulse is a 

1 00-volt, 1.5 µ ec, po itive pulse fed 

frmn a cathode follower to a pair of 

binding posts on the front pan 1 .  Lag

ging lightly behind th dir ct-trigger 

pul e it can b u ed o trigg r au iliary 

quipment uch a o cillo copes and 

F igure 3B. T i m e  re
la tio n s h i ps i n  i n pu t 

c irc u i t. 

DIRECT 
SYNCH. PULSE 

LINE 8 RESIDUAL 
0.4µ SEC. 
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ount r . It can al o b used to initiate 

th main pul e wh n the pul e d uration 
is to be determined by h d lay circuit. 

Except for an input-coupling capa i
tor, the input amplifi r and the cl mitt 
circui are cl- tabl . If it i de ir d to 
trigger the generator a very l ow rates 
of chang of input vol ag , the input 
capa itor can be hor d u . Th 

hmitt cir uit is adju · d in the labo-
ratory for maximum n itivity for 

in -wave and quar -wa e input . f 

th particular appli ation of the pul r 
r qu1r that it be n itive to either a 
positive or negative pul of low ampli
tude (le s than 10 volt ) an internal 

rew-driver adju tm nt p rmit setting 
th circuit to be mor nsitiv to one 
or the other pulse polari ie . Thi con
trol can al o be adju t d so that the 

hmitt circuit will trigger preci el y at 

either positive or negative zero cro sing. 
When the generator is driven by a 

brief, rapidly rising, input pul e, there 
i a time delay of 0.4 µ ec between the 
input pul e and th dir t- yn hroniz
ing pulse. Thi time d lay p rmit : 
(a.)  the establishment of an accurately 
pr determined minimum delay and, 
(b.) he ob ervation of the dire t yn
chronizing pulse on almost any oscillo-

cope trigger d by the input pulse. 
Delay Circuits. (Figur 4) The dir t
trigger pulse starts the delay circui by 
opening a bi table gate. The opening of 
the gate tart a w p, which produc 

a ri ing voltage who e lope i de er
n1ined by an R- circuit. The d lay 
control, a ten-turn potentio1neter, pro
vides a voltage reference for an ampli
tude comparator. When the weep volt
age reach s t 1 v 1 t by he d lay 
control, the amplitude compara or oper
ate to form a trigg r pul e that clos s 
the bistable gate, ending he w ep and 
returning the loop o it original state. 

The dial for th t n-turn pot ntiom-

M A Y , 1 9 5 6  � 
ter i calibra ed lin arily in 1000 divi

ions and provide an a curate r ading 
of the delay with high incremental re o
lu  ion. D lay i dir t reading in micro-
s conds, the ba i rang b ing from 1 to 
11 micro econd with a ix-decade range 
wit h whi h hang h. R- cir uit 
on tants. 

Thi form of delay circuit, where th 

ba i R- timir o- circuit i an in tegra
tor, ha lower noi than th impl r 
form of monostabl jrcuits. areful 
m a ·ur m nt ho-v time jitters aused 
by circuit noi e to be a low a 1 part in 
50 000. Care has b en aken in the d -
ign of the ircuit to minimize drifts and 

transients r ulting from lin - oltag 
variations, and all iming error cau ed 

by a ± 10 hang in line voltage have 
b en redu ed to le han 0.01 % of the 
dial reading. 
Coincidence Circuit. A mono table coin-

iden e gate, adjustable from approxi
mately 3 to 1000 µsec, is a par of the 
delay cir uit. Thi gat i opened by the 

trigger pulse produc d by th main de

l ay ircuit, 1 µ c o 1.1 e after the 
dir t- rigg r pul . Th coincid nee 

gate permits many u eful tim - election 
op rations.4  ( ee Figure 4 , and D). 

In normal op ra ion, the op ning of 
the coincid n gate produces the de
layed yn hronizing puls (Fig. 4B). If, 
how ver, the sen itivity of the coinci

d n e amplifier i redu ed, it can no 
long r be swi ched by the opening of 

th oincid n gat and the cir uits are 
prepared for coincidence operation. The 
injection of a po itive or negative pulse 
at the coincidence-drive terminal dur
ing the tim that the gate i open will 
caus the coin id nee amplifier to oper
at and a d layed synchronizing pul e 
o be produced. While the coin idence 

4 Chance, B . . etal., Wavefornis, Radiation Laboratory 
Series, Vol. 19, McGraw Hill, New York, 1949. (Chapter 
10 contains an excellent discussion of time s 1 ction and 
coincidence systems.) 
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G E N E R A L R A D I O  E X P E R I M E N T E R  6 

DIRECT 
TRIGGER Y
FROM 
INPUT START 
CIRCUITS 

DELAY 
CONTROL 

BISTABLE 

DEL. RANGE 
MtCROSECONOS 

OEL . CONTROL 

RESET 
TRIGGER 

GENERATOR 

DELAY RESET PULSE 

Fi g u re 4 A .  Bl o c k  
d i a g ra m of d e l a y  

c i rc u i t&. 
COINCIDENCE 

GATE DURATION 
COINCIDENCE 
SENSITIVITY 

�--'O'-'E'-"Lc::A:.!.Y-'=E-"'D--'TC!.R!.!.IG""G"-'E"-'R"------ TO SWEEP 

� COINCIDENCE 
DELAYED 
TRIGGER 

GENERATOR 
OE L. SYNCH. 

AMP. S C.F. @ lO§��VEO 

JLcH. MONOSTABL GATE 

COINC. @------------__. 
TRIGGER POS. i 
PULSE �----, 
IN 

ONEG 
COINC. 
PULSE 

INVENTOR 

DEL SYNCH. 
MONITOR PANEL 

INDICATOR 

FROM "MULT IPL E PULSE"POSITION 
OF INPUT SWITCH 

·a e 1 pen, a many d lay d yn-

chr nizing pul will be produ ed 
here ar input pul o h oinciden 

circuit . 

Provi ion I mad for ro-

ducing m.ul ipl -pul e group in rnally 

by prop r u of h main d lay cir u1 

and coinci n tern. An illus ra 1v 
timing dia ram hown in Figure 4D. 

A 
DIRECT 
SYNCH. 

DELAY 
BISTABLE 
DELAY RATE 

GEN. 

DELAY RESET 
PULSE 

Tp 

In thi mod of op ra ion he m.a1n 
d lay ircuit i used o " ou nt-d wn 

he input prf b any de ired number up 
to abou 20 by appropriate setting 
of h delay ntrol . 'I he direct-trigger 
pul e , whi h o ur at h inpu prf, 
are f d o th oin amplifi r. 
All of the dir c -trigo- ha 
during the time the gat 1 

F i g u re 48. Delay
c irc u i t  t i m i n g ;  c o i n 
c i d e n c e  c i rcuit  set fo r 

n or m a l  operati o n .  

COl
��

lf'
f

NC
_
E
....j...L.. ____ 

...=J L.=-._�3"--"-'S�E�C""-.---'-------! �----------
1 DELAYED r---Td SYNCH.PULS=-E=+-..__----� '--------!..-------P·----------

DIRECT f 
SYNCH. 1 
COINC. fp 
TRIG. 

DELAY 
BISTABLE 

3-1000 pSEC. 
COINC. GATE 

I 
DELAYED I 

SYNCH. �. 
-+------------1'--' '------------------: 

I 
I 
�'�--

-+.-----------+-----------------;-------+- TIME 

DIRECT (Fpl SYNCH. 

gfs��YBLE ..._�:::::::_9_·_2_F�p_--------________ __.. 
I -+---<�-�. COINC. GATE i : I I 

IOTp ----------<� 

F i g u re 4 C . T i m i n g  
o f  m u lt iple p u l s e s  
w h e n  d e l a y  c i r 
c u i t  is  c on n ected 
fer m u lt i p l e -pulse 

o pe ration.  

F ig ure 40. T i m e  
re l a tionships when 
de l a y  circ u i t  is 
used as a p r f  

d i vide r .  

�1---------------------------------------.. TIME 
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open ' ill operate th delayed- -rigrr r 

pul. e-forrning cir cui o produc a group 

of I ul c ·. 
Let n a un t a th input fr -

qu n ·y . e ting the ba ic prf i 100 k . 
Th n1ain d lay ir ui i b n 

0 a1 d 100 µ c to divide this input 

fr quency by n. L t it b 8 t t 92 

µ e . h incidenc ga e i t for 20 
mi ro ·e ond , and oi1 id nee are 

tabli h d by the 10 h nd 11 h dire t-

rigg r pul to produ a pair f d -
nchronizing puls parated by 

c at a 10 k rate. In crea. inO' the 

oincid n -gat duratjon o 30 µ will 

add a hird pul e o hi pair and o n. 
in e d lay d yn hr nizing pul 

al w· y b u ed tar h acti n of 

th pul r, grou p of output 

pulse or weep an be produc d ( 

Figure 9). 
'Io illu trate a i of h oincid r 

ircu1 wi h an x ernal a· ·o jat d 
in1n1rr n ra r con id r the xampl 

h wn in Figur 4 . I-I r h ba. i 

repeti i n rate, f, i se by he ti1nin rr 
genera or. ddi ional o itpu a 10 f 
102f . . .  lO°f ar al o av ailabl fro1n 
the i1ning gen - ra tor. ny of h 

high r-fr qu n pul can b f d 
u1 the coi1 cid nee inpu 

Th i1nincr diagrarn_ f 1 igure 
how multiple pul e , pr d l a  

tand ardiza ion of h -d H-
ui an b ob in d. 

To pr du e a group of pul th d -
lay control ar fir t to op n th 

oin id enc ga t a h de ired poin in 

time. The coincid nce-ga dura ion i 

then adjusted to an interval appropri

ate o produce the desired pul e group. 

When he coincidence-ga e duration 

is les than the time in erval be w en 

input pulses to the coincidence circuit, 

only one delayed-trigger pul e (or non ) 

will be produce . Th timing of hi 

delayed-trigger pulse relative to th 

M A Y ,  1 9 5 6  � 
- rio·o· r pul 00 1 pr Cl ly 

th im1ng g n ra or. 
on-

'I'he dela -cir uit alibrati n an b 

checked by d termining t p in at 
whi h oinciden e i ju tabli h by 

h openinO' of th c incid n gat . 

Thi in h d i accur e to only ::±: 0. 2 
µ owing to the finite ri. - im of he 
gat . 

When the corn. ir u1 are 

by x rnally g n rat d rigcrer 
h d lay d n hronizino- pul 

occur wh n, and onl ' hen, th 
a the coinciden e i nput. 

d la eel n hronizi no· ul  

in im a th main 
nd th 

h am ac ura y a  

in th im1 g 
h more ta 1 

rn no tabl 

n f d lay d 
th jitter 

ou pu ·o hat 

inh re1 in the · in1ing o-en e rator . 

Sweep Circuit. Th we p cir uit i · im1-
l r in form_ h main d la 

ant 

a bi bl 

rang ir d n1ul i-
w p i f d fron-i 

to two pairs of 

binding po a which nega i e-going 

or po itiv -going ' eep are available. 

In addi ion weep-gate pul e are fed 

in pu h-pull to front-panel terminals 

where they are available, po itive or 

negative, as a gat or for inten ifying 

the race on a cathode-ray o cillo cope. 
The mo t o bviou of the weep i 

& Waveforms, p. 267 
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GENERAL R.ADIO EXPERIMENTER 8 

F i g ure 5 A. Block 
d iagra m of t h e  

sweep circ u i ts. 

F"ROM 
SWEEP TRIGGER 

��..r;S�W�EE�Pf--.,___,-- -+-� 
CONTROL 

BISTABLE 

l��UT >---_J---r 
CIRCUITS START STOP 

SWEEP 

C.F. 

POSITlVE Ji_ >---+-- OUTPUT 
C.F. 

POS. SWEEP OUT 

NEG. SWEEP OUT 

I 
SWEEP ��;� 

PESET PULSE AMPLI FI� 
A SWEEP 

MONITOR 

·o provide a imple m an for viewing 

the output pul e on any o cilloscop 
capable of being deflected by direct con

nection to the horizontal deflec ion 
plates. In addition, the sweep can be 
u ed to drive ex ernal amplitude com

parator o generate additional pulse or 

delay .6 The main pulse circuits can be 
tart d nd topp d by external rigg r-

ing pul ob ain d from pair of uch 
ampli ud compara to provid 

many pul e of ind pendently con-
rolled duration and elay. i h heir 

40-volt amplitude w ep gates are 
adequat pul es for many testing pur

poses. The T PE 1219-A Unit Pulse 

Amplifier, for instan an be driv n 
by th e ga e to produ e ex ellent 
pul for u a p d tal for th 

main output pule. in e th main 
pul e al way oc ur during the time i -

terval in whi h the weep ga e i open, 
his gate can be used to operate a keyed 

clamp7 to restore d-c level for the main 

pulse anywhere in the external sy tern. 
Pulse Timing System. The positive

going sweep is used to time the main 

pulse g nerator. The linearly rising volt-

s Holtje, op. cit. 
7 Wendt, K. R., "Television D. C. Co=ponent," R.C.A. 
Review, Vol. IX, No. 1, March 1948, p. 100 ff. 

DIRECT OR 
DELAYED 
TRIGGER 
SWEEP GATE 

POS. GATE 

SWEEP RESE 
TRIGGER 

--- . -------
135v(NORMAL) 

POS. SWEEP 
TO PULSE 

TIMING CIRCUITS 

ag operates two amplitude compara
tor , one to ·tart and o e to top he 
pulse-generating circuits. The start and 

stop referen voltages can be independ
ently et by front-panel ontrols (Fig
ur 7). The tart vol tag t the po i
tion of the ''leading dg ' of th pul e 

along the we p, and the top oltage 
et the "trailing dg . " The op-

vol ag (or pul duration) dial read 
gain an i1 <lex arried y he tart-

vol tag (or pulse-delay) dial and 
therefor J read directl in pulse dura
tion. Th x Hen iming a curacy of 
thi y t m r ult fr m h g od linear

ity of the swe p a a function of time 
and of th voltag - tting pot ntiom
eter a a fun tion of angle. 

With thi typ of delay and dura
ion control for the ti1ning of the pulse 

relative to the start of he we p, the 

um of he pul delay and pul e 
du ·ation im s must be equal to or less 

than 2. 75, 5.5, or 1 1  µ n th 3, 6, 

or 12 µsec sweep-duration control set

tings. On the 3 inicro econd siweep, for 

example, a maximum pul e duration of 
0-2.5 µsec can be et on the 100-divi ion 

dial. Maximum pul e durations of 5 and 
10 µsec, respectively, can be similarly 

"START" 

SWEEP AMPLITUDE 
COMPARATOR 

"STOP" 

Fi g ure 5 8. T i m e  
re lat i on s h i p s  in 
the sweep c ir c u i t .  

t---����������������----��-�� TIME 
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START 

PULSE POSIT 10 
CONTROL 

CATHODE 
FOLLOWER 

"START" 

TRIGGER 

CIRCUIT START 

M A Y , 1 95 6  

Figure 6 A. Bloc k 
d ia g r a m  of p u ls e
t i m i ng a nd o u t - POSITIVE 

SWEEP PULSE SOURCE PULSE 

put circu its . 
IN 

CATHODE 
FOLLOWER 

PULSE DURATION CONTROL 

set on the 6 and 12 µsec ranges. The 

po ition of pul e of horter duration 
than the e maxi1na an b t within th 
stated limit . For in tan e, on a 12-µsec 

weep, a 5-µsec pul e can be po itioned 
over a range of 5 µ ec. or highest 
accuracy and re olution the hort 
sweep that will a commodate the de

sired pul e should be u d. ( e ig
ure 6) 

are in he ircuit de ign and co1n
ponent choice equal o tha in the delay 
cir uit di cu d pr viou ly 1 ad 
low jitter figur and a high d o-r 
reliabili y. The extremely high re olu
tion of the delay circuit i not pr vid d 

in the puls -timing sy tern and is not 
usually needed. The delay circuit, how-

v r, can b u ed to control pul of 

duration great r than µs c if e� -
trern.ely high re olution hould be 

n eded. 
The rigg r-pulse for h pulse-g n

erating circuits are fed through a switch 
to start and to stop a bistable pulse-con
trolling gate. This switch permits the 

FUNCTION CONTROL 
SWITCH BISTABLE 

• STOP" 

TR!GGER 
CIRCUIT 

operator: 
(1) o start and top th pul e wi h 

the int rnall g n ra ed trigger from 
the ircuit ju t de ribed. 

(2) to start and to s op the pulse with 
trigger generat d externall . 

(3) to ob ain the in ernall g nerat d 
tar -and- top trigger pul e t indi-

vidual binding po on the panel. These 
po itive-going pul e are obta·n d from 
cathode followers and can be u ed to 

on rol xternal circuit . They can, for 
xampl b u ed to m a ur flip-fl p 

r olu ion in e h y can be set to o cur 
imultaneou ly. In thi witch po iti n 

the main pul i no g nera ed. 
Main Pulse-Generating Circuits. (Figure 

) Th star -and- top- rig<Ter pulse op
erate a high- peed bi tabl gate ircui . 
Thi circuit driv a pair of pul e ampli
fiers which, in turn, operate a pair of 
buffers for th output tage. Th pu h
pull puls -output stage i a ingl , 40-
watt, 5894 dual beam- e rode tube oper
ated as a current ourc ·with witched 
load re istor across which the voltage 

OIRECTORDELAYED+....�--------------,r---------

POS. 
SWEEP 

SYNCH. 

1'START" +f>..:;.+---1,..------i---V'?t-------;..-------t--
TRIGGER 

"STOP" -l-+';.q....--+-------i--�4-------1-------...;,,--
TRIGGER 

�----10-----

F igure 6 8. P u lse 
timi ng d ia g ra m .  
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� G E N E R AL R AD I O E XP E R I M E N T E R  10 

pulse is develop d. The conducting side 

of the 5894 draws a current of 150 ina. 

The output ystem is balanced, and the 
push-pull output voltages appear at 

coaxial connectors and parallel binding 

po ts. The c01nmon inidpoint of the 

load resistors is connected to an addi

tional binding post that is normally 

grounded to the panel through a short

ing link. Under these conditions the 

output pulses contain a negative d-c 
c01nponent with respect to ground. 

\ ariations in the d-c component of the 

order of ±: 25 volts can be obtained by 

10,000 
PO S µsec dura

t ion 
N EG 

0.5 µsec, 
PO S son ter

minated, 
NEG 0. 1 µsec/ 

cm 

Minimum 
duration, 

pos son 
N E G  terminated, 

0.1 µsec/ 
cm 

Figure 7. Close-up of pulse-position and pulse
duration dials. 

the remontl of th<' short.ing link and tlw 

in ertion of an external Yoltage ob

tained from any low-voltage laboratory 

power supply or battery capable of sup

plying 200 milliamperes. 

vVith this all-push-pull, direct-cou

pled system, no variation of pulse 

characteristics with duty-ratio occurs. 
Pulses at any impedance level and with 
any duration, no matter how timed are 

available without ramp-off effects. 

Pulse amplitude is varied by con

trolling the screen voltage on the push

pull output stage. This control is satis

factory for changing pulse amplitude by 

at least ten-to-one, but, '"here the best 

shape characteristics are desired in the 

attenuated pulse, an attenuator for the 

impedance level being u ed is prefer

able. Where output in1pedance is not 

critical, the desired reduction in voltage 

can be obtained by fixed resistors 

plugged into the front-panel bind

ing-post pairs provided. The output 

voltage is always equal to 0.15 times 

the total load resistance. Thus an ex

ternal 7.5 ohm resistor in parallel with 

the internal 50 ohm load will produce 

a 1-volt output pul e. 

POWER SUPPLIES AND 
MECHANICAL DESIGN FEATURES 

To reduce the weight and bulk of the 

pulse-generator itself, all the power sup

plies are contained in a separate unit 

(TYPE 1391-Pl) that connects to the 
main operating unit through 5-foot 
cables. This design feature reduces hum 

and vibration in the main unit and sim
plifies cooling. All the d-c voltages are 
produced by conservatively operated 
selenium-rectifier supplies. The sele-

Figure 8. Ou tput pulses. 
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1 1  

S we e p, 
1 20 µsec, 
20 µsec/ 
c m  

Sweep 
g a te, 
1 20 µsec, 
20 µsec/ 
c m  

5 0  µsec 
o utput 
p u l s e ;  
3 0  µ.sec 
d e l a y  o n  
s w e e p ;  
1 500 
o utput 
i m ped
a n c e ;  40 v 

1 000 µ.s e c  to 
prf d r i ve 

1 00 µsec t o  
c o i n c i d e n c e  
drive 

D e l a ye d  t r i g g e r  

1 000 a n d  1 00 
µsec t i m i n g  
c o m b i n at i o n  

Tri p l e  p u l se, 
e x p a nded 
v ie w ;  60 µsec 
s w e e p, 50 µsec 
p u l s e ; t i m ed by 
d e l a y  c irc u i t  

MA Y ,  1 9 5 6  

'f i g u re 9. Sw eep, s w ee p  g a te, a n d  pu l s e .  F i g u r e  1 0. Ti m e  selection t o  produ ce a m u l t i p l e  p u l se.  

n1um U ill S are carefully locat d for 

maximum ool i n g  and are derated by 

about 2 :1.  1 h ough re tifier life ex-

pectan y 1 ov r 20 000 hour , they 

have been made readil ac ibl e for 

ease in replacement. 
The main unit has also been carefully 

d ign d for both cooling and accessi
bility of ompon n . For d-a· r ooling 

using a quiet 3-in ch quirrel-cage blower 
m.ai ntai ns he hottest p oi nt of the cabi

n t at a af 20° above ambient. 

Many feature to aid ·n maintenance 

h ave been included . Th multiplici y f 
i n put and outpu binding-post conne -

i o n s  to the various circui group with

u1 h i n  trument n1akes it simple to 

is lat a trouble . In additi on, every 

tage that d o  not ha e a fron t panel 

on nection i provided with a learl 

lab 1 d and num b  r d t p i nt , and 
all vacuum tube are m arked by ype, 
V-n u n1ber , and Clr Ul fun l Oil .  A ll 

crewd river adj u tin n are lik WI e 

1 umber d aI d lab 1 d to ho :v hei r 

circuit fun c  ion . 
A s  vvi h all General Rad i o  d esigns, 

great care has been taken to make he 

opera ing circuit " ndep nden f h 
chara ri i of vacuum ub a1 d a 

reliable a po sibl con i t nt \i\.'i h th 
high performance r quir m nt . All  

panel-mour d v riable resi tor are 

pr Cl 1 011 ire- 70Und p otentiorn.eter 
and ,  wher v r p ible compu t r-t pe 
vacuum tubes have been u ed . Etched 
circui s are used wherever circui ca
pa itance is cri tical in order to i nsure 

max1n�u1n reproduci bil i ty of charac

teri ic . - R .  ,V .  FR. re 

Th . a uthor wi h to a ckn owl dg the many helpful sugge tion a n d  cri ticisms made durin g th 
course of this d v lopment by M. C. Holtj , W. F. Byer , D .  B .  ' in  la ir, a n d  \V . P .  uuck : and, 
in addition, ' t h  ontributions:of W .  P. B uuck i n  the es abli h m  n t  of te t and calibra ion proce
dures. - R. W. F. 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  1 2  

SPECIFICATIONS 
Pu lse Generating Circu i t :  

Pu l se D u ra tion : (Timed b y  w e  p )  0.05 t o  2 .5, 
0 .05 to 5 . 0  and 0 .05 to 1 0 .0 between half ampli
tude points, w ith decade multipliers to a maxi
mum of 100 000 µ ec. Pulse length can be ex
tended to 1 . 1  seconds if pulse is timed by d lay 
circuit. 

Pu lse Duration Accurac y :  After weep alibra
tion, =1: ( 1  0 + 0 .05 µsec ) .  

Pu l se Po sit ion Accuracy : 0 . 5  µ ,  ec =±= 1 o o f  dial 
reading. 

Pu lse R ise Time : D pend on output irn.ped
ance chosen . I nto a terminated 50-ohm coaxial 
line, it can vary from 0.025 µ. e by =±= 0 . 0 1  µ ec. 
The following are typical (0. 1 µ ec pul as 
m a ur d on osci lloscope ; rise i me of vertical 
amplifier 0.006 µ. ec ) :  

Impedance Positive Pulse Negative Pulse 

Rise Decay Rise Decay 
µsec µ.sec µSec µSec 

Terminated Coax 0 . 03 0 . 0 1 5  0.02 0 . 03 
50 ohms 
15 µµf Probe 0.03 0. 025 0.02 0 . 03 
7.2 ohm 
95 ohms 0.03 0.025 0.025 0.03 ---

150 ohms 0 . 03 0 . 03 0 . 0.25 0.03 
600 ohm 0 . 05 0.05 0 . 04 0.05 

Pulse S h a pe : Overshoots and other defe t are 
less than 5 0 of pul e amplitud when the pul e 
generator i correctly terminated. Pulse ramp
off does not exist, owing to dir t coupling of 
output circuits. 

Pulse Duty Ratio : Push-pull circuit w ith unity 
duty ratio possibl . 

Output Im pedance, Z o :  50, 72, 94, 1 50, 600 
ohms, all =±= 10 %. 

Output Pu lse Am p l itude: 1 50-ma c urrent 
source ; voltage from ea h phase of pu h-pull  
c hannel, 0 . 1 5  Zo ± 20 0 .  

Typical nomi nal amplitud s ,  5 0  o h m  , 7 . 5v ; 
72 oh ms, lOv ; 9-l ohms, 1 4v ;  1 50 ohm , 22v; 
600 ohms, 90v. 
D- C Component Insertion : Binding po ts provided 
for this purpose. DC can be moved =1: 25 volts 
for all output impedances except 600 ohms. 
Input Synchro n i zing Sig n a l :  ignals of almo t 
any hape will trigger the input timing i rcuits. 
Average value must be approximately 0 . 2  volt, 
minimum. 

Typical input signal minimum amplitudes 
ar : 

( 1 )  Sine wave, 0.2 volt, rm . 
( 2 )  Square waves, 0.5 volt, peak-to-peak. 
( 3 )  B rief positive pulse, 10 volts, peak-to

peak. 
( 4 )  Brief negativ pu lse, 10 volts, peak-to

peak. 
Interna l screwdriver adj ustment permits in
crea i ng rigg r-circ u i t  en itivity for either 
po i tive or negative pul e . 
Direct Synchron i z i n g  P u ls e :  

Polarity-positive amplitude : 75 volts peak
to-peak . 

Duration : ( _72  amplitude ) 1 µsec. 
Output I mpedance : 600 ohm . 
Repetition Rate : Amplitude constant to 300 

k ; down 20 0 at 500 k c .  
Time- Delay Circu its : 

Ra n g e :  1 .0 µ c t 1 . 1  e in ix range 
De lay Dia I Ca l ibration : 1 .00 to 1 1 .00 in 1000 

d ivi ion . 
Delay D ia l  R es o l uti o n : 1 part in 80 0 .  
Acc u rac y : A b  olute, =±= 2 %  of full scale, o r  

=±= 3 0 o f  scale readin<T + .005 µse , w hichever 
is smaller ; increm n al d lay, ± ( 1  0 + .05 
µ e c ) .  

M aximum P R F :  400 kc. 
Duty Ratio Effects : Le s than 2 error i n  de

lay for duty ratios up to 60 0, at t he low end of 
each range, and up to 90 % at the high end of 
each range ; p roportional effect between. 

.Delayed Synchro n i zi n g  Pu lse C haracterist ics : 
Positive, 60 v, 1 .0-µsec half-amplitude duratjon, 
600 ohm cathode-fol lower outpu 

Sta b i l i ty :  

Low End High End 
of Dial of Dial 

Time Jitter 1 : 1 0, 000 1 :50, 000 
1 0 %  Line Change 2 : 1 000 2 : 1 0, 000 
Sudden 1 0  % Line 3 : 1 000 3 : 1 0 , 000 

Transient 

Co incidence Circuits : 
Ge1te Ourotio n :  3 to 1 000 µ ec. 
Gate Accuracy : =±= 1 5  0 or ± 1 µ.sec, whichever 

is larger. 
Coincidence driving circuit will  accept either 

po itive or negative input pul e . ource im
pedance hould be low, have rise time less than 
0.2 µ.s c. Amplitudes between 5 and 20 volts are 
acceptable for negative pulse , and between 1 0  
and 100 for positive pulse . 
Sweep Circ u i t :  

Sweep D u ration : , 6 ,  1 2  µ e c  with 5-d ade 
multiplier. 

S weep Linearity : Determined by the accw·acy 
of p ul se timing. On longer ranges, w here ti me 
delay effects are ab ent, the linearity is better 
than 1 % . 

Sweep Amp l itude : Push-pull, eac h pha e, 1 35 
volt ± 10 % .  

Sweep Gate A m p l itude : P u  h-pull, each phase 
40 volts ='= 1 0 % . Negative and positive sweeps 
and the positive swe p gate are cathode-follower 
output circuits with a 1 -µf coupling capacitor. 

D u ty R a tio a n d  Repetitio n Rate Effects : M axi
mum repetition rate, 3 µsec sweep, 250 k c .  

Range Maximum Frequency for 5 %  
Error i n  Sweep Slope 

weep Time 3 µsec 6 µ. ec 1 2  µsec 
-

x 1 1 50 k 1 00 kc 60 kc 
x 1 0  1 60 k c  1 2  kc 7 k  
x 1 02 1 . 6 k c  1 . 2  kc 700 c 
x 1 03 1 60 c 1 20 c 70 c 
x 1 05 1 6  c I 1 2  c 7 c 
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1 3  

Tube C o m p leme n t :  Generator : 
8 - 64 5 
5 - 5965 
4 - 1 2  7 
5 - 6A N 5  
2 - 5963 
Po r uppl 

6AS7 . 

7 
2 - E5 1 
1 - 56 7 

' 1 - 0 3, 

1 - 5894 
1 - 6A W  
l - 6BQ7A 
1 - 1 2 B H 7  
l - 6U 

l - 6AK5, 1 -

Accessories Suppl ied : I nterconnecting cable , 
TYPE CAP-35 Power Cord, 2 TYPE 874-C5 
Cable onnec or , pare fu 
Other Accessories A va i l a b l e : TYPE 1 2 1 9- Unit 
Pul e mplifier* for high r power ou put. 

Type 

M A Y , 1 9 5 6  

Accessories R eq u i red : Trigger source ; practically 
any laboratory oscillator of the appropriate 
frequency range is adequate ; the TYPE 1 2 1 0-B 
Unit R-C s illatort is recommended. 

Power S u p p l y  I n p u t :  105 to 125 (or 2 10 to 250 ) 
volt , 50 to 60 y 1 , 3 5 watts. 

D i m en s i o ns : G nerator, 19 ( width ) x 1 4  ( h  ight ) 
x 1 2 Yz in hes ( depth ) over-all ; ower supply, 
1 9  ( width ) x l O Yz ( hei ght) x 1 2 Yz  i nches ( depth ) 
over-all.  

Net Weig ht : en rator, 30 pound ; power up
p ly, 40 pounds. 

Code Word Price 

1 3 9 1 - A  M t 
1 3 9 1 - A R t  

Cabinet  M od e l  ( i nc l .  Power S u pp l y ) . . . . . . .  . E DIFY 
E B  L Y  

$ 1 7 4 5 . 0 0  
1 7 4 5 . 00 Relay- Rack M o d e l  ( i n c l .  Power S u p p l y ) . . .  . 

* ce Experimen ter for July, 1 955, pp. 9- 1 5 . t ee Experimenter for l\/I ay, 1 9 55, pp. 1 - 1 1 .  
t U .  S.  Patent o .  2,  54 8,457. 
Licen ed under patents of the Rad io Corporation of 
A merica. 

M O R E  N E W VA R I A C S ® 
The new W2- rie V ariacs ar 2-

am pere coun erparts of th W 5 ri , 
previously announced . 1  The new W2-

eries Variac are i d  nti al in design, 
construction and app ara1 ce to th ir  
W5 brother , differing from the lat r 

only in ele trical rating, 1ze and 

w ight. All urrent and kva rating are 
40 0 of th W5 rating . Panel mounting 

ar a volume, and w ight are ea h 
about 50% of the m asur ment of 

quivalent W5 erie model . Figure 1 

hows he ba i mod 1 ,  TYPE W2. 

The basic, un as d model carrie a 
2.4-amp re rating, an increase of 20 0 
over he TYPE V2 whi h i upers d 

·h r feature include Duratrak bru h 
ra k, unit bru h,  captive counterbal

anced radiator a s mbly and quar 
flange mountin g. Mounting holes 1na ch
ing tho e of the V2 and the earlier TYPE 

200-B are also provid d, o that th new 

unit direc ly repl ac s these m odel in  
practi ally all ca e . 

En irely new · thi ize Variac are 
ca d m odels for fixed installations a 

JExperimenter, December, 1 955. 

F i gure 1 .  V i e w  of Type W 2  Vari a c .  M o u n t i n g  h o l e s  
a re o n  a 2 % - i n c h  square .  Depth b e h i n d  p a n e l  is  

3 1 7'16 i n c h e s .  

well as for portable and bench u e. The 

totally en l o  d Type W2M an be 

wall- or pan l-1noun d .  Standard Ys i n . 
diam. kno kout ar provided for 72 in. 
conduit or cable connector . Portable 
mod 1 include line ord, onv ni nee 
ou le , line swit h, and arrying handle 

plus re ettabl ov rload prot ctor, firs 
i ntrodu ed i n  th W5 seri s.  W2MT i 

provided with two-wire ord and out
let ; the W2M T3 ha he n ' tandard 
thr -wir fit ino· whi h Tound the 

equipmen . 
The square-ha e de ign n1ake gang

ing i mple nd a mbli ar availabl 
both with and without encl o  ure. A 

number of variati n of he tandard 

d ign are al o p ibl F r exampl , 
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G E N E R A L R A D I O  E X P E R I M E N T E R  1 4  

Case d i m e n 

s i o n s , b o t h  

t y p e s  a r e  

( w idth)  4 Ye 
x ( h e i g ht )  

5 o/16 x ( d e p t :, )  

4 Y4 i n c h e s ,  

o v e r - al l  

Fi g ure 2 .  T y p e  W 2 MT, w it h  o verload protector. 

u n it for 360° rota - i on and two-brush 

model ar availabl on p cial ord r. 
M otor-drive n a sem blie will be an
noun d in a fu ure i u of the Experi
menter, a wjll th tock avajlabilit of 
u ni ts equi p ped wi h ball b aring 

NEW 400-CYCLE MODELS 

Th con ruction of the t o-ani.per 
a nd five-am pere 400-cycle m od 1 , 
TYPE M 2  a n d  M 5, ha e been revi d 

o in lud all the fea ure of the 60-cycle 
1n odel . The 400-cycl model ar n o w  
id ntical to h e  60-cycle m odels e x  pt 

F i g ure 3 .  Type W 2 M , with c o n d u i t  k n o c kouts.  

for the obviou d i fference in Y rti cal  
d i men ion mad po i ble by the lo"·er 

a k height of the high-fr qu n y unit . 
Fungu -re i tant tr at1nen ha b n 

added as s - anda rd and sto k u n it n o' 
pas mo t omm nly encou n  ered mili-

tary orro io1 alt- pray and fungu 
pecifica ion a ' ·ell a ho k vib ra

tion and h u midity requiremen s. M anu
fac uri n g  econ mi r ulti ng from he 

u of par com m on o h 60- y 1 
(W- erie ) u n i t  p rmit a ign i fican re
duction in price, as sho wn i n  the fol
lowin g  tabl : 

F i g u re 5 ( left) T y pe W2 G2 M ;  ( r i g ht )  T y pe W 2 G3 
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1 5  M A Y , 1 9 5 6  

1: ypc 1\1[5 . 
T rpe 1 2 . 

Old >- lyle ]\ w Design 
' 22 . .  50 $ 1  . 50 

1 5 . 5  ' 1 4 . 50 

2 . The e l ower p ri c  , accmnpan i ed 

by su bst a n t ial l �r i n1 pr0Yed perform a n ee ,  

h a Y  been acco1npl i bed i n  a period of 
ri i n g  rnat ri l an l labor e . t ,  nd ar 

Even 1 1 ore ri king is t h e  c o m pan o n  

w i  h t h  ..,YPE 60-AU, p r  d o r  of 

the 1VI 5 whi c h  li d fi v  y ar ago t 

h re ult of a con t i nuou p rogran1 of 

r ful tt ntion d 1 i:::n ,  tool i 1  and 

produ ion m. hod 

SPECI F ICATIONS FOR W2 -SERIES VARIACS 

Line- r oltage Overvoltage 
onnection Connection 

R. R. fr .., I .... � � ..._, >::: ..... � d "" $ efJ ;::;: C:3 I ;:::l C:3 o ._, 
� ,  � I C:3 � I  � _,  <-- ,..:::: � ' d  ;:j � � ;3 -8 <.. <:::=> 
Q -.:.  ;:::l ..... � a -.  �- � . .,.. 

.., 

� �  .:: -.. <::>.. � .:: ;g -.. <:::» � � I  � I � - � � ;... ::3 Cl . .., ;:j <:::! 'l:j ;... - �  <.. � �  .,... ....., �-:::l cl t: _§. si.. ....., Code si..- � � ....., _ ......, .... y �  - �  � ..... � 
i;:: ..._o ..,, 0 ;:::l ;;fl 0 d ;:j 

Type Al ou nting c5 �  ....... :::> a ..2  Q 5  < 2- TVord Price ..... ,..- Ct:; =. a a ;:.... Ct:; C,.) 
-- -- -- -- -- -- -- - ·- -- --

W 2  Uncased 1 1 5 2 . 4  0-1 1 5  3 . 1  0.36 0-135 2 . 4  3 . 5 5-1 0 :3 % B AG A L  $ 1 3. 5 0  - --
W 2 M '¥ith case 1 1 5  2 0- 1 1 5  I 2 . 6  0.30 0- 1 35 2 3 . 5 5-1 0  -1- Ys  BAG ER 1 8 . 0 0  

W 2 MT Porta� 1 1 5 ee Note Below 0-1 35 2 :3 . 5  5-1 0 4 %  B AGI 2 4 . 0 0  
2-wil'e 

• 

-- -- --
W 2 MT3 Porta.bl 1 1 5 

See Note B ela u 
0-1:35 2 3 . 5  5 - 1 0  -±% I B A  :'I [  2 6. 0 0  

3-\vi.re 
NOTE L 1\1T models are shipped with overvoltage connec ions and conespondi n O' dial s ::i.l s, bnt 
c a n  be uppli d o n pecia l order ..,-ith l i n e-voltage connections a n d  dial cu.le . .  -O'l'E 2 .  The TYPE ,i\-2 dial pJa e i rev e r  i b le, "-i.th 0 - 1 1 5  o n  one id , and 0-L35 on the o her.  

ngle of rota ion i 320 degr e . 
T O'IE :� . R plac m nt bru h for TYPE "-2 Variac ar TYPE B- 1 5 - ¢  a.ch.  
J oTE -! . omple e d i me n sion d raw i n g furni  hed on request. 

Type 

M 2  
M 5  

Type 

W 2G 2  
W 2G 2 M 
W 2G 3  
W 2G 3 M 
M 2 G 2  
M 2 G 3  
M S G 2  
M S G 3  

TYPE M2 AND TYPE M S  VA R I ACS 

O utput Curr nt 

Depth Behind 
Rated Max. Panel Net }Veight 

2 
5 

3 2 1/:z  inc h e s  l7 7a p o u n d s  
7.5 2 .Ys i n c h e s  3 1;4 po u n d s  

GANGED MOD E LS 
D scription et Weight 

Tw o - g a n g  
Tw o-gang w i t h  case 
T hree- g a n g  
Th ree- gang w i t h  case 
2-ga n g  M 2  
3 - ga n g  M 2  
2-ga n g  M 5  
3 -g a n g  M 5  

7 pou nds 
8 pou nd.s 

1 1  pou nds 
1 2  pounds 

3 o/s po u n d s  
5 Y2 po u n d s  
6 %  p o u n d s  

1 0 1,4  p o u n d s  

Code TVord 

B-\GGY 
A N N Y  

Code T Vord 

BA ALGA D U  
B AGALBO D U  
BAGALGANTY 
B AGALBONTY 
B AGGYGANDU 
B AGGYGA NTY 
CANN YGAN DU 
CA� N YGAr TY 

SECO D INTE R NATIONAL CONGRESS ON A COUSTICS 
Ca m brid ge, Mass J u ne 1 7 - 2 3, 1 956 

Price 

$ 1 4 . 5 0  
1 8. 5 0  

Price 

$ 3 2 . 0 0  
40.00 
48. 0 0  
5 6 . 0 0  
3 3 .00 
4 9 . 5 0  
4 1 .00 
6 1 . 5 0  

General Radio acou ical apparatu will 
be on di play at the exhibit held in JV[emo-

rial Hall, Harvard Univer ity, June 20 and 
2 1 ,  in connection with thi Congres . 
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PRE SID ENTS- OLD AND NEW 

Errol  H. loc:ke C h arles C.  C arey 

On December 3 1 ,  1 955, Errol H .  Locke 
retired a President of the General Radio 
Company and, on February 1 6, 1 956, 
Charles C. arey wa elected to succeed 
him . 

Mr. Locke came to the General Radio 
ompany in 1 9 1  , thr e year af er i ts 

foundinrr, and became Vice-Pre ident in 
1 920. His first a ociation as with com
mercial and sales matters ; later, as Vice
President, his main cone rn wa with 
production . He was elected Pre ident in 
1 944 and held that po t continuou ly until 
his retir ment. A President, one of his 
primary interest wa per nnel policie , 

a field in which hi long experience and de p human ympa h i  ere parti cularly effective. 
Mr. Carey's a ·sociation with the General Radio Company began in 1 927 in he production 

department. In that ame year he be ame foreman of the winding department. He was 
appointed assistan to the Vice-President for Produc ion in 1 93 1  and Production up rin
tendent i n  1 934. When Errol H .  Locke became President in 1 944, M r. Carey succeeded him 
as Vice-President for Manufacturinrr and continued in thi office u ntil 1 956. 

CHAIRMAN HONORED 

At the annual meeting of the Scientific pparatus Makers 
ciation in Belleaire, Florida, Apri l 1 1 ,  arold B .  i ·hmond, 
man of the Board of irector of the General Radio ompany 
receiv d the cientifi ppara u Maker � ward ' in re og · i n 
of hi leader hip, vision, and devotion to the g rowth and prorrre 
of th cientific in trument i ndu try . '  Mr. ichmond ' r ord of 

ervice to the A ociation date from 1 93 . H e  wa hairman of 
it board f director in 1 947, it pre ident in 1 93 , and i at pre nt 
a dire tor-at-large. H e  i the fir t per on in the hi  ory of he 
association to receive thi award before retiremen . 

H a r o l d  B. R i c: h m o n d  

AMER ICAN SOC I ETY FOR TESTING MATERIALS 
5 9th A n n u a l  Meeti n g  C h alfonte-Haddon H a l l  

At the apparatus exhibit held in conj unc
tion with thi meeting, General Radio will 
exhibit some of the new !tern recently 
announced in the Experimenter. Among these 
are the TYPE 1 605-A Impedance Compara
tor, the TYPE 1 230-A D-C Amplifier and 
Electrometer, and the W-model Variacs. 
Other equipment in the exhibit include 

Atl a ntic: Ci ty, N. J.  J u n e  1 8 -2 1 ,  1 95 6  

bridges for mea uring im pedance, power 
factor , and in ulation resistance ; strobo

cope ; p lariscope ; ound- and noise-meas
uring instruments, and voltage regulators . 

Plan to visit the General Radio exhibit in 
booths 4 and 49. Our engineer wi ll be on 
hand to dis u s your measurement problems 
with you . 

G E N E R A L  R A D  I 0 C O M P A N Y  
2 7 5  M A S S A C H U S E T T S  A V E N U E  

C A M B R I D G E 3 9  M A S S A C H U S E T T S  

T E L E P H O N E :  T R o w b r i d g e  6 - 4 4 0 0 
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